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PREFACE TO THE EIGHTH EDITION 


In bringing the handbook up to date it has been necessary to 
omit some of the older tables and add many new ones. This has 
added many new tables to the first section (screw threads), and 
38 pages of material. Much of the addition deals with the new 
standards of truncated Whit-worth threads, brought out during the 
war, as an aid in securing interchangeability between threads 
made with the regular round top and bottom of the Whitworth, and 
with a modified thread having a flat or truncated top and bottom. 
This^ includes gages for the modified thread and drill tables for 
tapping for this modified thread. 

The new material includes the latest data on wire measurement 
of screw threads and gives the specifications for wires if satisfactory 
fits are to be secured in mass production. Some of the tables for 
American Standard threads have also been modified and the new 
tables have replaced the ones which have been discarded. These 
data were secured direct from the Bureau of Standards in Washing- 
ton. Other standards, such as those for involute splines, are al^ 
very new', having been secured just after their release lor publication. 

Extensive changes will be noted in the section on raiiling practice, 
which has undergone drastic changes since the last edition. We 
are fortunate in being able to secure late research data from the 
leading makers of milling machines and cutters, as well as the results 
of the practical use of negative-rake carbide tools for milling and 
turning. There is also considerable newr material on bevel and 
other gearing. ;Much new data will be found scattered throughout 
this edition on a variety of subjects. 

The Authors. 


August, 194s. 




PREFACE TO THE FIRST EDITION 

Every mp engaged in mechanical work of any kind, regardless 
of his position in the shop or drawing room, frequently requires 
information that is seldom remembered and is not usually avaiiabie 
when wanted. 

With this in mind it has been our endeavor to present in con- 
venient form such data as will be of value to practical men in the 
various branches of machine work. While some of the matter 
included may seem elementary, it was considered necessary in order 
to make the work complete. Much of the information has never 
before been available to the mechanic without tiresome search and 
consultation. 

We believe that the Dictionary section will be found of service 
to the younger mechanics and in helping to establish standard 
names for various parts which are now more or less confused in 
different sections of the country. 

_ Our indebtedness to various manufacturers and individuals is 
hereby acknowledged, and in the back of the book will be found a 
list of such authorities with page references to the information 
furnished by them. 

We dare not hope that no errors will be found and we shall be 
glad to have them pointed out and to receive any suggestions as to 
additions or other changes which may add to the value of the book. 

■The .Authoes. 
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SECTION I 

SCREW THREADS 

Screw threads are so widely used as a connection between parts 
that commercial interchangeability is necessary in all mechamcal 
fields. This is more difficult than with plain fits because three 
i elements are involved, namely, pitch diameter, angle of the sides of 
the thread, and lead. These are all considered in the standard- 
ization work that has been done. 

; Since threads have been called by different names, it is essential 

that these terms be understood to avoid confusion. ^ The sharp V 
thread is rarely used. The flat-top thread was originally called 
the Sellers, also the Franklin Institute thread, and later the United 
States Standard. None of these standards recognized tolerjances, 
which are necessary for good fits. The standard now in use in this 
country is known as the American National Standard. It retains 
the Sellers form and proportions but includes tolerances of lead, 
pitch diameter, and angle. It also includes the finer pitches 
developed for the automobile industry. There is also an extra-fine 
set of pitches for special work. 

THREAD FORMS AOT> TOLEI^ 

The data and tables that foUow represent many years' work on the 
part of committees of the A.S.M.E. and the S.A.E. as well as the 
National Screw Thread Commission. The definitions and tables 
; which follow give the latest data available regarding standard screw 
! threads. Neither the root nor the outside diameter is important, 
except that they must not bear in the mating part. 

Thread measurement now deals principally with the pitch diam- 
eter and lead, the three- wire method superseding the two- wire, 
and the optical method also gaining in favor. The tables show the 
standard dimensions and tolerances for threads of different degrees 
of accuracy. It is urged that these tolerances be specified and used 
in all cases, selecting the kind of fit required by the work in hand. 
Tables of the new standards are included in this section beginning 
on page 8. Thread form and name of parts are shown in Fig. i. 

AMERICAN STANDARD SCREW THREADS FOR BOLTS, 
MACmNE SCREWS, NUTS, AND COMMERCIALLY 
; TAPPED HOLES 

I This section is from the report of a Committee on the Standardiza- 

i tion and Unification of Screw Threads prepared in collaboration 

! 
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with the National Screw Thread Commission, the A.S.M.E. and 
the S.A.E. and approved by the American Engineering Standard 
Committee in April, 1933. 


Terms Relating TO Screw Threads 

Screw Thread.- — A ridge of uniform section in the form of a helix on 
the external or internal surface of a cylinder or cone. 

External Thread.— An external thread is a thread on the outside of a 
member. • 

Internal Thread. — ^An internal thread is a thread on the inside of a member. 

Major Diameter. — The largest diameter of a screw thread. The term 
“major diameter” replaces the term “outside diameter” as applied to the 
thread of a screw and also the term “full diameter" as applied to the thread 
of a nut. 

Minor Diameter. — The smallest diameter of a screw thread. The term 
“minor diameter” replaces the terms “core diameter” and “root diameter” 
as applied to the thread of a screw and also the term “inside diameter” as 
appHed to the thread of a nut. 

Ktch Diameter. — On a straight screw thread the diameter of an imaginary 
cylinder, the surface of which would pass through the threads at such points 
as to make equal the width of the threads and the width of the spaces cut 
by the surface of the cylinder. 

Pitch. — The distance from a point on a screw thread to a corresponding 
point on the next thread measured parallel to the axis. 

Pitch (in inches) = r ttt- — i ^ — r* 

number of threads per inch 

^ Lead. — The distance a screw thread advances axially in one turn. On a 
single-thread screw, the lead, and pitch are identical; on a double- thread 
screw, the lead is twice the pitch; on a triple-thread screw, the lead is three 
times the pitch, etc. 

Angle of Thread. — The angle included between the sides of the thread 
measured in an axial plane. 

Helix Angle. — The angle made by the helix of the thread at the pitch 
diameter with a plane perpendicular to the axis. 

Crest. — The top surface joining the two sides of a thread. 

\ '' Root. — The bottom surface joining the sides of two adjacent threads. 

ISide. — The surface of the thread which connects the crest with the root. 

‘ Axis of a Screw. — ^The longitudinal central line through the screw. 
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Deptli of Thread,-— The distance between the crest and the root of thread 
measured normally to the axis. _ 

Length of Engagement,— The length of contact between two mating parts, 
measured axially. - ^ . 

Depth of Engagement. — The depth of thread contact of two mating parts, 
measured radially. 


Teems Relating to Classification of Fits 


Basic.— The theoretical or nominal standard size from which all variations 
are made. 

Crest Clearance. — Defined on a screw form as the space between the 
crest of a thread and the root of its mating thread. . j. • 

Allowance,— An intentional difference in the dimensions of maring 
parts. It is the minimum clearance or the maximum interference which is 
intended between mating parts. , . 

Tolerance. — ’The amount of variation permitted in the size of a part. 

Neutral Zone. — A positive allowance (see Allowance). 

Limits.— The extreme permissible dimensions of a part. 

Fit.— The relation between two mating parts with reference to eas^f 
assembly; for example, wrench fit, close fit, medium fit, free fit._ The 
quality of fit is dependent upon both the relative size and the quahty of 
finish of the mating parts. 

Finish. — The character of the surface on a screw thread. 


. . .Symbols 

Dimensional Symbols. — For use in formulas for expressing relations of 
screw threads and for use on drawings and for similar purposes the following 
dimensional symbols should be used: 

M^or diameter. .D 

Corresponding radius. .................. ... . .... 

Pitch diameter. * . ... ............. . . . .E 

Corresponding radius. .s 

Minor diameter . X 

Corresponding radius. . . . . ....... ... . . .... ..... , . ........ ,k 

Angle of thread. ...A , 

One-half angle of thread .a 

Number of turns per inch. .iV 

Number of threads per inch . . 

Lead ^ I. «* -si. ' 

N 

Pitch or thread interval. — 

Helix angle. s 

Tangent of helix angle. .. ...................... . , .S =* 

Width of basic flat at top crest or root. ............... . . . . . . . ,F 

Depth of basic truncation. . . . . . , ..... . . . . , , . . , . . . ^ 

Depth of sharp V thread .... ....H 

Depth of American (National) form of thread. 

Symbols for Wire Measurements 

Measurement over wires. .M ■ 

Diameter of wire. .. ........ ... .... . .<3' 

Corresponding radius. . . . . ... . . . .... ... .... .... .... .... . . . , .g 

Identification Symbols. — These are for use on correspondence, 
drawings, shop and storeroom cards, specifications for parts, taps, 
des, gages, etc., and on the tools and gages themselves. 

The basis of the system is the initial letters of the series, preceded 
by the diameter in inches (or the screw number) and number of 
threads per inch followed by tihe classification of fit, all in Arabic 
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characters. If the thread is left-hand, the symbol “L. H.’’ shall 
follow the number of threads. No symbol is used to distinguish 
right-hand threads. 


Examples Mark 

American (National) coarse-thread system: To 
specify a threaded part i inch in diameter, 8 

threads per inch, and Class 2 fit i' “8~NC--2 

American (National) fine-thread system: A 
threaded part I inch in diameter, 14 threads per 

inch, left-hand thread, and Class 4 fit. i' “14-LH-NF--4 

American (National) form, special pitch: A 
threaded part i inch in diameter, 1 2 threads per 
inch, and Class 3 fit. i' -I2-N-3 


Note.— T he number of threads per inch must be indicated in all 
cases, irrespective of whether it is the standard number of threads 
for that particular size of threaded part or special. 

Form of Thread 

The form of thread profile rs specified herein, and known pre- 
viously as the United States Standard or Sellers Profile, is adopted 
and shall hereafter be known as the American National form of 
thread. 

Specifications. — ^The basic angle of thread between the sides of 
the thread measured in an axial plane shall be 60 degrees. The line 
bisecting this 60-degree angle shall be perpendicular to the axis 
of the screw thread. 

The basic width of flat at the root and crest of the thread form is 
found as follows: 

i? — i X or 0.125 X 

The basic depth of the thread form is found as follows: 

h — 0.649519 X P - 

where p == pitch in inches. 

w ~ number of threads per inch. 

Clearance in Nut at Minor Diameter.— A clearance shall be 
provided at the minor diameter of the nut by removing the thread 
form at the crest by an amount between one-sixth and one-fourth 
of the basic thread depth. 

Clearance in Nut at Major Diameter.— A clearance at the major 
diameter of the nut shall be provided by decreasing the depth of 
the truncation triangle any desired amount down to one- third of 
its theoretical value. 

Thread Series Adopted # 

Two thread series are adopted— a coarse and a fine. The Coarse- 
Thread Series is the present ** United States Standard supple- 
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merited in the sizes below J inch by a part of the standard establish^ 
by the American Society of Mechanical Engineers ^(A.S.M.E.) in 
1907. The Fine-Thread Series (i to i| inches inclusive) was 
originally the AX.A.M. and later the S.A.E. standard. These, 
together with the Extra Fine and the 8-, 12-, and 16-pitch series, 
are now A.S.A. (American Standards Association) standards as of 
February To, 1943. 

These two series are specified in Table i. 
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CjLASSmCATION OF FiTS 


Four distinct classes of screw-thread fits are established for 
general use, as specified in the following brief outline. The examples 
given under each class of fit are for the purpose of illustration only. 


Loose Fit (Class i). — Recommended as a commercial standard for 
tapped holes in the numbered sizes only. May be used with screws of other 
classes to ^obtain Quality of fit desired. 

Free Fit (Class 2).“~lncludes the great bulk of screw-thread work of 
ordinary quality of finished and semi-finished bolts and nuts, etc. (called 
“Medium Fit Regular” in the N.S.T.C. “Progress Report"). 

Medium Fit (Class 3).- — Includes the better grade of interchangeable 
screw-thread work, such as automobile bolts and nuts (called “Medium 

Fit Special” in N.AT.C. “ Progress Report”). 

Close Fit (Class 4). — Includes screw-thread work requiring a fine snug 
fit, somewhat closer than the medium fit, such as high-grade aircraft parts, 
etc. In this class of fit, selective assembly of parts may be required. It is 
not considered practicable as a commercial standard for tapped holes of 
the numbered sizes. 


A Second Method of Obtaining Medium Fit (Class 3) 

A detailed examination of the tolerances given in Tables 3, 4, and 
5 will indicate that the same quality of fit as given by medium-fit 
screws and threaded holes can be obtained by using screws to 
close fit tolerances in holes made to free fit tolerances, or versa 
The general adoption of this practice will reduce the variety of taps, 
gages, threaded parts, etc., required to be carried in stock. How- 
ever, the combination of free and close fits should be used in place of 
medium fit only when the substitution is understood and agreed 
to by all parties concerned. 

Conditions Requiring Special Fits. — ^In cases where looser fits 
are required than those given by the above-named classes, the 
use of the loose fit of the National Screw Thread Commission is 
recommended. 

Rounded Root Forms. — -The crest clearances allowed are such 
as to permit rounded root forms in both nut and screw. These may 
be formed either by tools purposely rounded or rounded as a result 
of wear in use. For the limits of this permissible rounding see 
Tolerances, page 16. 

Definitions 

Loose Fit (Class i). — This class of screw threads is, in this report, recom- 
mended for use iii tapped holes in the numbered si\es only. For such use it 
will be defined and specified as follows; 

Minimum nut is basic. 

Direction of tolerance on nut: The tolerance on the nut will be plus. 

Tolerance values: The tolerances for a nut of a given pitch will be as 
specified in Table 2. 

Free Fit (Class 2).— This class of screw threads will be defined and 
specified as follows; 

Minimum nut is basic. 

Maximum screw is basic. 

Direction of tolerance on nut: The tolerance on the nut will be plus. 

Direction of tolerance On screw: The tolerance on the screw will be minus. 

Zero allowance: The allowance between the pitch diameter of the maxi- 
mum screw and minimum nut will be zero for all pitches and all diameters. 

Tolerance values: The tolerances foi* a screw or nut of a given pitch will be 
specified in Table 3. 
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SCREW THREADS 


Special Htch and Diameter Combinatioiis.— In general, the 
tables given are intended for use with the two standard thread series 
only. The application of fine pitches to large diameters involves 
questions of workmanship which afiect the grade of fit chosen. ^ 
When a pitch of thread is used with a diameter not called for in a . 
standard thread series, it shall be defined as of American National 
Form,” but not as American Standard.” 


Genes AL Specific ations 

The following general specifications will apply to all classes of 
fits specified in the body of the report. For special specifications 
applying to the loose fit class see the Commission’s Report. 

Uniform Minimimi Nut — The pitch diameter of the minimum 
threaded hole or nut corresponds to the basic size, variations being 
permitted above the basic size. The major and minor diameters of 
the minimum nut are also uniform for all classes of fit. 

Uniform Tap Drill Sizes. — The maximum and minimum minor 
diameters and the consequent minor diameter tolerances are the 
same for all nuts of a given size for all classes of fit. This permits 
uniform tap drill sizes for all classes of fit. 

Uniform Major and Minor Diameter of Screws. — The maximum 
and minimum major and minor diameters are the same for all 
screws of a given size for all classes of fit herein tabulated. 

Length of Engagement. — The tolerances herein determined are 
based on a length of engagement not to exceed the nominal or 
major diameter of the screw. Where greater lengths of engagement 
are required, a corresponding increase in the accuracy of lead and 
thread form is necessary, which may be obtained by the provision 
of selection of more accurate threading tools, and the use of longer 
“go” gages. 

Pitch-Diameter Tolerances Include Lead and Angle Variations.— 
The relations between these quantities are expressed by columns 
4 and s of Tables 2, 3, 4 and 5 and are explained by the note at the 
bottom of each table (see page 9). ^ 

These relations may be automatically insured by using a “go” 
gage of the length of engagement required, or by projecting an 
equivalent length of thread on a suitable chart, or by so' projecting a 
single thread constrained for the required length of engagement, or 
by any other means which preserves the mathematical relation 
between variations in pitch diameter, lead, and form, 

Pitch-Diameter Tolerances on Screw Same as on Nut— The 
pitch-diameter tolerances provided for a screw of a given class of 
fit will be the same as the pitch-diameter tolerances provided for the 
corresponding nut of the same class of fit. 
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Tolerances on Major Diameter of Screw Twice Pitch Diameter 
of Tolerances for Free Fit. — The allowable tolerances on the major 
diameter of screws of all classifications -will be twice the tolerance 
value allowed on the pitch diameters of screws of the Free Fit 
(Class 2). 

Tolerances on Minor Diameter of Screw. — The minimum minor 
diameter of a screw of a given pitch will be such as to result in a 
basic flat (J X p) at the root. 

The maximum minor diameter is that which would result from 
the use of a threading tool, set at the maximum pitch diameter, 
whose point has been worn or ground back from the basic outline 
by an amount equal to one-eighteenth of the basic depth of engage- 
ment h or 0.03684 p). It is permissible that the resulting root 
line shall be rounded. In no case, however, should the form be such 
as to cause the screw to be rejected on the minor diameter by a 
“go” ring gage, the minor diameter of which is equal to the mini- 
mum minor mameter of the nut. 

Tolerances on Major Diameter of Nut. — ^The maximum major 
diameter of the nut of a given pitch will be such as to result in a 
flat one-third of the basic flat X i>). 

The nominal minimum major diameter of the nut equals the 
basic major diameter. In practice a clearance is provided to facili- 
tate manufacture by permitting a slight rounding or wear at the 
crest of the tap. In no case, however, should the outline resulting 
from a worn tap or cutting tool be such as to cause the nut to be 
rejected on the major diameter by a “go” plug gage made to basic 
form and dimensions at the crest. 

Tolerances on Minor Diameter of Nut— The tolerances on minor 
diameter of a nut of a given pitch will be one-sixth of the basic 
thread depth regardless of the class of fit being produced (J h 
or 0.10825 p). The maximum and minimum minor diameters are 
determined by the conditions set forth on page 4. In the case of 
a punched hole the average diameter of the hole shall govern. 

Coarse-Thread Series 

The American Standard Coarse-Thread Series, defined in Table 6, 
is recommended for use with free-fit (Class 2) tolerances, and 
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medium-fit tolerances (Class 3). Its use with close-fit (Glass 4) 
tolerances is also permissible, especially in producing the medium 
fit as described on page 4. It is recommended for use with 
the loose-fit tolerances (Class i), for nuts only in the numbered sizes. 

The resulting dimensions of external and internal screw threads 
with these fits are shown in Tables 7 to 13. 

The tables in tMs section have been rearranged by the National 
Screw Thread Commission. Some of these combine data that were 
originally given in separate tables. 

Tables 3 to 10, for example, give the limiting dimensions and 
tolerances of the different classes of fits for both coame and fine 
threads, combined so as to avoid the necessity of consulting separate 
tables for bolts, screws and nuts. 

Tables are also given for the 8-, 12- and 16-pitch series of threads 
which are being used in some industries, where the pitch of the 
thread is kept the same for an diameters. 


Derivation of Tolerances 

Net Pitch-Diameter Tolerance. — ^The net pitch-diarneter toler- 
ances for the several classes or grades are based on selections from a 
tolerance series for a pitch ot inch, increasing by increments 
of 0.0005 inch as foUows: 


Grade Tolerance 

A 0.0005 in. 

B. 0.0010 in. 

C. 0.0015 in. 

D 0.0020 in, 

E 0.0025 in. 


The grades selected are: 

For loose fit 
For free fit 
For medium fit, 
For close fit. . . , 


Grade Tolerance 

F 0.0030 m. 

0.003s in. 
0.0040 in. 
0.0045 in. 
o . 0050 in. 


I 

F 

D 

B 


G. 

H 

I. 

J. 


Pitch-diameter tolerances for pitches finer than inch are to 
each other and to the tolerance for inch as the six-tenths power of 
their respective pitches. 

Pitch-diameter tolerances for pitches coarser than ^ inch are to 
each other and to the tolerance for inch as the nine-tenths power 
of their respective pitches. 

The factor 0.6 was chosen for pitches finer than ^ inch because 
resulting tolerances except in two instances do not vary more than 
0.0001 'inch from the pitch-diameter tolerance in the A.S.M.E. 
Machine Screw Standard. 

Extreme Pitch-Diameter Tolerance.^ — ^To obtain the extreme 
pitch-diameter tolerance there is added to the net tolerance a gage 
increment ’Vobtmned as follows: 

To secure extreme tolerances, add to net tolerances: 

Diameter tolerance— “go gage. 

Diametrical equivalent of lead tolerance— “ go gage. 
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Diametrical equivalent of angle tolerance — ‘‘go’’ gage. 

Diameter tolerance— "“not go” gage. 

Then subtract the following: 

Diametrical equivalent of angle tolerance — “not go” gage. 

I diametrical equivalent of lead tolerance — “not go” gage. 

For instance, using the tolerances (as set by the National Screw 
Thread Commission) for a 20-pitch gage, according to this rule the 


net tolerance would be increased by: 

Inches 

Diameter tolerance — “go” 0.0002 

Equivalent lead tolerance — “ go ” o . 00034 

Equivalent angle tolerance — “go ” o . 0002 

Diameter tolerance — “not go” 0.0002 

Total.'. 0.00094 

and would be decreased by: 

Inches 

Equivalent angle tolerance — “not go” 0.0002 

I lead tolerance — “not go” 0.00017 

Total 0.00037 

Total increase, 0.00094 — 0.00037 = 0.00057 


Relation of Lead and Angle Errors to Pitch-Diameter Tolerances 

Effect of Lead Error on Pitch-Diameter Tolerance.— The toler- 
ances specified for pitch diameters include all errors of pitch and 
angle. Column 4 of Tables 2, 3, 4, and 5 gives the amount of lead 
error which absorbs one-half of the specified pitch-diameter toler- 
ance. Lead error X 1.732 = equivalent pitch-diameter error. 

Effect of Angle Error on Pitch-Diameter Tolerance.— Column 
S of the above-mentioned tables gives the variation in the half 
angle of thread which absorbs one-haK of the specified pitch- 
diameter tolerance. 

The formula giving the relation between the amount of pitch- 
diameter tolerance absorbed by a variation of a' in half-angle of 
thread is, for symmetrical threads. 


cot a' = ; ± cot a 

E sm a cos a 


where h = depth of thread. 

= half-angle of thread. 
a\— error in half-angle. 

The sign of cot a is plus when the half-angle of thread is less than 
the basic by and minus when the half-angle is greater than basic. 
The approximate mean values for a' and E^ will be obtained when 
plus or nnnus cot a is omitted from the above formula. For Ameri- 
can (National) form of screw thread, the depth of thread 

h = f ^ cot 30° and a « 30®. 

Substituting, the formula becomes 
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or E' = ~ X tan a' — 1.5 p tan a', 

2 

For all practical purposes, the equivalent pitch-diameter correc- 
tions for any angular error can be taken as proportional to the values 
given in the above tables. For example, on the j\-i8 thread, an 
angular error i degree 25 minutes is equivalent to a pitch-diameter 
error of 0.00206 inch. An angular error of 17 minutes or one-fifth 
the amount given in the table is equivalent to 0.00041 inch, which 
is almost directly proportional. 

Tolerances for Loose Fit (Class i) 

This fit is recommended whenever an allowance is required 
between the maximum screw and the nnnimum nut, and in the 
cases where larger tolerances than those given by the free fit (Class 
2) are needed. 

This class of screw threads will be defined and specified as follows: 

Minimum nut is basic. ^ 

Maximum screw is below basic. 

The major diameter and pitch diameter of the maximum screw will be 
below basic in accordance with the diameter specified in Tables 18 and 20. 

Direction of tolerance on the nut: The tolerance on the nut wull be plus. 

Direction of tolerance on the screw: The tolerance on the screw will be 
minus. 

Tolerance values: The tolerances on a screw or nut of giyen diameter and 
pitch will be such as to result from the dimensions given in Tables 18, 19, 
20 and 21. 

Truncated Thread Gages 

The thread form of a ring-thread gage becomes worn with use. 
This wear on the flank of the thread may be largely from near the 
pitch line to the minor diameter, the thread near the major diameter 
of the ring being worn very little. 

When such a worn ring gage is tested or set on a full form-setting 
plug, the unworn area near the major diameter gives a fictitious 
setting, and a ring that appears to be correct may be much oversize 
at pitch diameter. 

Such a worn “go’’ ring gage, when set to a correct full form- 
setting plug, would pass screws that were oversize on pitch diam- 
eter. Therefore, setting plugs for “go” ring gages should be 
truncated to near the pitch line. 
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Table 7.— American National 8-Pitch Threab Series 
Pitch., p = 0.12500 Inch; Depth of Thread, h = 0.0S119 Inch; 

■p 

Basic Width of Flat, | = 0.01562 Inch; Minimum Width of 

P 

Flat at Major Diameter of Nut, — = 0.00521 Inch 
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Identi- 

fication 

Basic Diameters 


Thread Data 


Size, in 
Inches 

Major 

1 Diameter, 
D, in 
Inches 

! Pitch 
Diameter, 
E, in 
Inches 

Minor 
Diameter, 
A', in 
Inches 

Metric 
Equiva- 
lent of 
Major 
Diameter, 
in Mill- 
meters 

Helix Angle I 
at Basic * 
Pitch i 

Diameter, 

i ' , ^ ' 1 

Basic 
Area of 
Section 
at Root 
of Thread, 

lEl 

r, 4 ’ 
Square 
Inches 

ii 

I .0000 

0.9188 

0.8376 

25,400 

Deg Min j 
2 29 

O. 5 SI 0 


I. I 2 50 

1.0438 

0.9626 

28.575 

2 

11 

0,7277 

Ii 

1 . 2500 

1 . 1688 

1.0876 

31.750 

I 

, 57 , ■ 

0.9290 

If 

1. 3750 

1.2938 

1.2126 

34.92s 

I 46 

1.1548 

li 

1.5000 

1.4188 

1.3376 

38.100 

I 36 

1.4052 

i| 

1.6250 

1.5438 

1.4626 

41.27s 

I 

29 

I. 6801 

li 

1 . 7500 

1.6688 

1.5876 

44-450 

I 

22 

1 .9796 
2.3036 

li 

1.8750 

1.7938 

1.7126 

47.625 

I 

16 

2 

2 . 0000 

1.9188 

1.8376 

50.800 

I 

11 

2.6521 


2.1250 

2.0438 

I . 9626 

53-975 

I 

7 

3.0252 

2i 

2 . 2500 

2.1688 

2.0876 

57.150 

1 

3 

3.4228 

2^ 

2.5000 

2.4188 

2.3376 

63.500 

0 

57 

4.2917 

2f 

2,7500 

2.6688 

2.5876 

69.850 

0 

SI 

5.2588 

3 

3.0000 

2.9x88 

2.8376 

76.200 

0 

47 

6.3240 

3 i 

3.2500 

3.1688 

3.0876 

82.550 

0 

43 

7.4874 


3. 5000 

3.4188 

3.3376 

88.900 

0 

49 

8.7490 

3 i 

3.7500 

3.6688 

3.5876 

95.250 

0 

37 

10.1088 

4 , 

4.0000 

3.9188 

3.8376 

101.600 

0 

35 

I I . 5667 

4 i 

4.2500 

4.1688 

4.0876 

107.950 

0 

33 

13.1228 


4.5000 

4.4188 

4-3376 

I 14. 300 

0 

31 

14.7771 

4 l 

4.7500 

4.6688 

4.5876 

120.650 

0 

29 

16.5295 

5, 

5.0000 

4.9188 

4.8376 

127.000 

0 28 

18.3802 

si 

5.2500 

5 . 16S8 

5. 0876 

133.350 

0 

26 

20.3290 

si 

5 .5000 

5.4188 

5.3376 

139.700 

0 

25 

22.3760 

si 

5.7500 

5.6688 

5.5876 

146.050 

0 

24 

24.5211 

6 

6 . 0000 

5.9188 

S.8376 

152.400 

0 

23 ; 

26.764s 


1 Standard size of the American National coarse-thread series. 







12-pitch THREADS 
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Table 8 .— American National i 2 -Pitch Thread Series 
Pitch, ^ 0.08333 Inch; Depth of Thread, ^ = 0.05413 Inch; 

j) 

Basic Width of Flat, ~ = 0.01042 Inch; Minimuin Width of 
o 

Flat at Major Diameter of Nut, — ~ 0.00347 Inch 


Identi- 

fication 

1 Basic Diameters 


Thread Data 


Size, in 
Inches 

Major 
Diameter, 
D, in 
Inches 

Pitch 
Diameter, 1 
E, in 
Inches 

Minor 

Diameter, 

K,m 

Inches 

Metric 
Equiva- 
lent of 
Major 
Diameter, 
in Mill- 
meters 

Helix Angie 
at Basic 
Pitch 
Diameter, 
s 

Basic 
Area of 
Section 
at Root 
of Thread, 

« 4 ’ 

Square 

Inches 

i 

0.5000 

0.4459 

0.3917 

12.700. 

Deg Min 

3 24 

0. 1205 


0.5625 

0.5084 

0.4542 

14.288 

2 

59 

0.1620 


0.6250 

0.5709 

0.5167 

15.875 

2 

40 

0 . 2097 


0.687s 

0.6334 

0.5792 

17.463 

2 

24 

0.263s 

.".f 

0.7500 

0.6959 

0.6417 

19.050 

2 

ir 

0.3234 

n 

0.812s 

0.7584 

0 , 7042 

20.638 

2 

0 

0 .3895 


0.8750 

0.8209 

0.7667 

22.225 

I ■ 

51 

0.4617 

i 

0,9375 

0 . 8834 

0,8292 

23.813 

1 

43 

0.5400 

■ I" ■ 1 

1.0000 

0.9459 

0.8917 

25.400 

I 36 

0.624s 

I A 

1.062s 

I . 0084 

0,9542 

26,988 

I 

30 

0.7151 


I. 1250 

1.0709 

1.0167 

28.575 

I 

25 

0.81 18 


1.187s 

I. 1334 

1.0792 

30.163 

I 

20 

0.9147 

II-' 

1.2500 

1.1959 

1. 1417 

31.750 

I 

16 

1.0237 

I 

1.312s 

1.2584 

1.2042 

33.338 

■ I 

12 

1.1389 

Il2 

I. 37 S 0 

1.3209 

1.2667 

34.92s 

I 

9 

1.2602 

1 

1.4375 

1.3834 

1.3292 

36.513 

I 

6 

1.3876 


I . 5000 

1.4459 

1.3917 

38 . 100 

I 

3 

1,5212 

If 

1.6250 

1.5709 

1.S167 

41.27s 

0 

58 

1.8067 

I-l 

I . 7500 

1.6959 

1.6417 

44.450 

0 

54 

2.1168 

If 

1.8750 

1.8209 

I . 7667 

47.625 

0 

SO 

2.4514 

2 

2.0000 

I . 9459 

1.8917 

SO . 800 

0 

47 

2,8106 

2i 

2.2500 

2 . 1959 

2. 1417 , 

57.150 

0 

42 

3.602s 

2i 

2.S000 

2.4459 

2,6959 

2.3917 

63 . 500 

0 

37 

4.4927 

2| 

2.7500 

2.6417 

69.850 

0 

34 

S.4810 

3 

3.0000 

2.9459 

2.8917 

76.200 

0 

31 

6.5674 

3 i 

3.2500 

3.1959 

3.1417 

82.550 

0 

29 

7.7521 

3I 

i 3.5000 

3 . 4459 

I 3.3917 

88.900 

0 

26 

9.0349 

3 l 

^ 3 ■ 7500 

3.6959 

' 3.6417 

95.250 

0 

25 

10.4159 

4, 

4.0000 

3.9459 

3.8917 

10 I .600 

0 

23 

11.8951 

4 f 

; 4.2500 

4.1950 

4. 1417 

107.950 

0 

22 

13.472s 

"Ai". 

4.5000 

> 4-4459 

4.3917 

I 14. 300 

0 

21 

15.1480 

4 f 

4.7500 

4.6959 

4.6417 

120.650 

0 

19 

10.9217 


! s-oooo 

4.9459 

4.8917 

127.000 

0 

IS 

18.7936 

si,. 

5.2500 

i 5 . I 959 

S.1417 

133.350 

0 

18 

20 . 7636 

' ,S^ 

S.5000 

5.4459 

5.3917 

i 139.700 

0 

17 

22.8319 

Si ; ■■■ 

S. 7 S 0 O 

5 . 6959 

..■",5.6417 ■ 

146,050 

0 

16 

24.9983 

6 

6.0000 

5.9459 

5 . 8917 

1 152.400 

0 

IS 

2 t:. 2628 


1 Standard size of the American National coarse-thread series. 

2 Standard size of the American National fine-thread series* 
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SCREW THREADS 


UNIFORM PITCH SCREW THREADS FOR 
HIGH-PRESSURE FASTENINGS, BOILER APPLICATIONS, 
AND MACHINE COMPONENTS 

Where special threads are required, it is advisable to select a suit- 
able pitch as standard for a given range of sizes. It is advantageous 
to have a uniform use of such special threads and pitches of 8, 12, 
and 16 threads per inch have been selected and are widely used. 

The 8 -Pitch Standard 

This is used largely for bolts in high-pressure pipe flanges, in 
cylinder-head studs, and in similar fastenings where an initial 
tension is required in the fastening, so that the joint wall not open 
up when pressure is applied. For this reason it is not advisable to 
have the pitch increase with the diameter, and the 8-pitch thread 
is widely used. 

The 12-Pitch Standard 

The 12-pitch threads are largely used in sizes from i inch to 
I J inches in boiler practice, for this requires the retapping of worn 
stud holes to the next larger size, in increments of ^ inch. This 
holds through most of the range. The 12-pitch threads are also 
widely used in machine construction on such parts as thin nuts for 
shafts and sleeves. Shoulder diameters are usually limited to 
J-inch steps, and the 12-pitch thread is the coarsest that will per- 
mit a threaded coUar which screws on a threaded shoulder to slip 
over a shaft | inch smaller in diameter. 

The Id-Pitch Standard 

While this thread is intended primarily for such work as adjust- 
ing collars, which require a fine thread, it also has other uses. It is 
used in retaining nuts for bearings and similar places. 


Table 9.— Tolerance Increments eor Special Threads 


Class of Fit 1 

Diameter 

Increment 

Length of 
Engagement 

Pitch 

Increment ; ; 

X 

0 . 002 \/D 

0.002Q 

0,020a/A 

■' 2 '. 

0 . 002 's/ D 

0.0020 

©.oiov^ 

3 

0 . 002\/5 

0.0020 

o.oosa/^^ 

4 

o.ooi's/D 

0,0010 

0.':0025:'\/|>' ^ , 


Q is the symbol for length of engagement. For the 8-, 12-, and i6-pitch 
thread series, and the Extra-Fine thread series, the Class 3 tolerances are 
70 per cent of Glass 2 tolerances as derived from these formulas. 




16-PITCH THREADS 
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Table ga. — American National i 6-Pitch Threab Series ^ 

[Pitch, p = 0.06250 Inch; Depth of Thread, /f = 0.4059 Inch; Basic 

Width of Flat, | = 0.007S1 Inch; Minimum Width of Flat at 


P 

Major Diameter of Nut, ~ == 0.00260 Inch] 
24 


Identi- 

fication 

Basic Diameters 


Thread Data 


Size, in 
Inches 

Major 
Diameter, 
D, in 
inches 

1 

Pitch 
Diameter, 
£, in 
Inches 

i 

Minor 
Diameter, 
K, in 
Inches 

Metric 
Equiva- 
lent of 
Major 
Diameter, 
in Mill- 
meters 

Helix Angle 
at Basic 
Pitch 
Diameter, 
s 

Basic 
' Area of 
Section 
at Root 
of Thread, 

zEl 

Square 

Inches 


L 

0 . 7 S 00 

0.7094 

0.6688 

i 

19.050 

Deg 

I 

Min 

36 

0.3513 

it 

0.812s 

0.7719 

0,7313 

20.638 

I 

29 

0,4200 

i 

0.8750 

0.8344 

0 . 7938 

22.225 

I 

22 

0.4949 

it 

0.9375 

0.8969 

0.8563 

23.813 

I 

16 

0 . 5759 

I 

j 

I.OOOO, 

0.9594 1 

o.giSS 

25.400 

I 

II 

0.6630 

I* 

1.062s 

I. 0219 ! 

0.98x3 

26 . 988 

X 

7 

0.7563 


I. 1250 

1.0844 

1 . 0438 

28.575 

I 

3 

0.8557 

I A 

1.187s 

1.1469 j 

I . 1063 

30.163 

I 

0 

0.9612 

li . 

1.2500 

1.2094 ! 

1 . 1688 

31.750 

0 

57 

I .0729 

lA 

1.312s 

I. 2719 1 

1.2313 

33.338 

t) 

54 

1.1907 

I 

f 

1.3750 

1.3344 

r.2938 

34.92s 

0 

51 

1.3147 

I • 

A 

I . 4375 

1.3969 i 

1.3563 

36.513 

0 

49 

1.4448 

li 

I . SOOO 

1.4594 ! 

1.4188 

38.100 

0 

47 

1 .5810 

I A 

1.5625 

I . 5219 

1.4813 

39.688 

0 

45 

1.7234 

It 

1.6250 

1.5844 

1.5438 

41.275 

0 

43 

1.8719 

•lit 

1.687s 

I . 6469 

1.6063 

42 . 863 

0 

42 

2.026s 

If 

■ 

1.7500 

1.7094 

1,6688 

44-450 

0 

40 

2.1873 

I ^ 


I 1,812s 

1.7719 

I. 7313 

46.038 

0 

39 

2.3542 

i| 


1 1.8750 

1.8344 

1.7938 ! 

47.62s 

0 

37 

2.5272 

I ^ 

k 

i 1.9375 

I . 8969 

1.8563 

49.213 

0 

36 

2.7064 

2 


2.0000 

I. 9 S 94 

1.9188 i 

SO . 800 

0 

35 

2,8917 

. 2\ 


2.1250 

2.0844 

2.0438 ! 

53-975 

0 

33 

3 . 2S07 

2\ 

2.2500 

2,2094 

2.1688 ! 

57.150 

0 

31 

3.6943 

2 | 

2.3750 

2.3344 

2.2938 1 

60.32s 

0 


4.1324 

2 i 


2.5000 

2.4594 

2.4188 

63.500 

0 

28 

4.5950 

' 2 | 

2.7500 

2.7094 

2.6688 1 

69 . 850 

0 

35 

S.5940 

3 


3.0000 

2.9594 

2,9188 

76 . 200 

0 

23 

6.6911 


3.2500 

3.2094 

3.1688 

82.550 

0 

21 

7.8864 

3 | 


3. 5000 

3 -4594 

3.4188 

88*1900 

0 

20 

9.1799 

3I 


3.7500 

3.7094 

3.6688 

95.250 

0 

18 

X 0 .S 7 IS 

4 


4.0000 

3.9594 

3.9188 

101,600 

0 

17 

12.0614 


1 Standard saze of the American National hne-thread series. 
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corresponding to a flat at the major diameter of the maximum nut equal to X and may be determined by adding 0.0496 inch 
to the maximum pitch diameter of the nut. 
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Bata Referring to Figs. 2a to zd 


Symbols AND Values 
D major diameter, nominal and 
basic 

Dn — major diameter of nut = D 
Da = major diameter of screw = D 

- V 

E ~ pitch (effective) diameter, 
basic — D — h 

En = pitch (efiEective) diameter of 
nut = D — h 

^Es = pitch (effective) diameter of 
screw classes i§, 2, and 3 — D 

— h 

Fc «= crest width, minimum 
= 0.243624^ 

Fr = root width, maximum 
= 0,166667 p 

Fa = minimum width of flat, new 
chaser = 

12 

Ft = minimum mdth of flat, new 
P 

tap = — 

^ 20 

H = height of basic triangle 
= 0.960491^ 

h — depth of basic thread 
= o, 640327 j& 

J ss allowance at pitch (effective) 
diameter = o.oss = 002832;^ 


K = minor diameter, basic -«=''D 

- 2 h' ^ 

Kn ~ minor diameter of nut = D 

- 2 q 

^Ka = minor diameter of screw = D 

- 2 h 

n = number of threads per inch 
p =» pitch = ” 

q — height of truncated, thread 
= 0.S66410P 

r — radius of British Stand- 
ard Whitworth thread = 
0.137329^ 

V = double the height of segment 
of British Standard Whit- 
worth crest = o.I478353> 
Screw 

Major diameter, maximum = D 

— 0.147835^? 

Pitch (effective) diameter, maxi- 
mum =a D ■— 0.6403271? 

Minor diameter, maximum =« D 

— i.28o6ssi> 

■ Nut ^ 

Major diameter, minimum — D 
Pitch (effective) diameter, mini- 
mum = D — 0.6403 27 
Minor diameter, minimum = D 

— 1.132820^? 


1 Ea for Class i is less than Et for other classes by value J. 

2 Dimensions computed by use of this formula may vary by 0.0001 inch 
from dimensions shown in Tables 21, 22, and 23, as these dimensions have 
been made to agree with BS84- 1 940. 
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Fig. 2 (j. Fig* 2 &. 

Fig. 2(2.— British Standard Screw Threads of Whitworth Form. 
Fig. 2b , — Screw Threads of Truncated Whitworth Form. 


Min,w/Wh of flat 

Corners may be . 

{^lightly 

\ cresi 

'Opf/onaf rou/Tci 
j cresf on new chaser 

M/n.widfhoffhf 
cresf on new chmer 


,Approxtmafe shape of 
; ffHefs on component parts 
\ when using worn foots 

\ : y^\ ' 



Umifl/neaf min, major dmm.nuf 

mm.minorcfiam.screw 


Fig. 2 c. Fig. 2d. 

Fig. 2c^ — New Chaser (Xe /0 and T2.p {Right). 
Fig. 2d . — ^Screw {Left) and Nut {Right) . 
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BRITISH STANDARD WHITWORTH THREADS 

The new standards for threads used in Great Britain are spon^ 
sored by the British Standards Institution which has succeeded the 
British Engineering Standards Association. The terms used are 
now the same as in the American standard as to major and minor 
diameters, but they still use “effective diameter where we use 
“ pitch diameter.” 

These standards now include a five- thread series and a parallel 
pipe thread, as will be seen in the tables that follow. They are 
designated as B. S. Whit, B. S. Five, and B. S. Pipe (Parallel). 

These standards do not include the British Association thread 
of 47§ deg. which is given on page 41. These are dated May, 1940, 


Table 13.— Radius oe Whitwobth Threads 


Threads per 
Inch 

Radius in 
Inches 

Threads per 
Inch 

Radius in 
Inches ■ 
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0.0034 
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O.ors 3 

24 

O.OOS 7 
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0.0172 

20 

0.0069 
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0.0196 
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0.Q072 
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0 .O 27 S 
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0.030s 
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0.0343 
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3 l 

0.0392 

11 

O.OI 2 S 

3 i 

0.0422 

10 

0.0137 i 

■ 3 1 

0.0458 


AMERICAN TRUNCATED WHITWORTH THREADS 

American War Standard Screw Threads of Truncated Whitworth 
Form,^ to be known as American Truncated Whitworth Threads, 
have been adopted to facilitate and reduce the cost of a thread that 
is interchangeable with Standard Whitworth threads, as shown on 
the following pages. 

The tools that produce these threads and the gages that check 
them will secure interchangeability with Standard Whitworth 
threads. They not produce the Standard Whitworth profile 
nor gage Standard Whitworth threads. Plain gages for major and 
minor diameters of the two systems cannot be used interchangeably, 
as the diameters differ. But Standard Whitworth “go” ring 
gages, snap gages, and plug gages will accept Truncated Whitworth 
threads of proper pitch diameter, lead, and angle, making these 
gages available for both systems. For checking truncated threads 
these gages must be supplemented by plain gages for measuring 
major and minor diameters. 

All orders should indicate clearly whether the supplier is to 
produce American Truncated Whitworth Treads according to this 
standard, or whether either kind of thread will be accepted. 

1 Approved June 19, 1944. 






Symbol Values for Each Pitch 
(Dimensions in Inches) 
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Table i6. — Screw Threads of Truncated Whitworth Form—Fine Thread ^^- sj : E . s.~~Continued 

(Dimensions in. Inches) * 
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Note: I. The tolerance on pitch diameter includes all variations in lead and angle. The v^alues for pitch diameter tolerances 
given in this table are based on a length of engagement equal to the basic major diameter, but may be used for lengths of engage- 
ment up to i| diameters. 

2 . The minimum minor diameter of the screw is established by the crest of a new chaser (see F«, Fig. 2 c, left) and the maximum 
major diameter of the nut by the crest of a new tap (see Fig. Ft, Fig. ac, right). 
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37^ SCREW THREADS 


Table 21a. — I nspection Gage Data foe Screw Threads of 
Truncated Whitworth Form 


Plain Adjustable Snap Gage 

Major diameter go gage = maximum 
major diameter of screw 
Major diameter not-Go gage = mini- 
mum major diameter of screw 
Go Thread Ring Gage 
Major diameter 
Pitch (effective) diameter 
Minor diameter 

Maximum minor diameter of screw. 
(Check with plain check plug where 
dimension measured is less than § inch) 
Lead 

Half angle 

Thread Check for Go Ring Gage 

Major diameter = maximum major di- 
ameter of screw 

Pitch (effective) diameter = maximum 
pitch (effective) diameter of screw 
Minor diameter 
Lead, allowable variation 
(Same as for gage checked) 

Half angle, tolerance 

(Same as for gage checked) 

Plain Check for Go Ring Gage 

(Used where dimension measured is less 
than I inch) 

Limits 

(Same as for minor diameter of gage 
checked.) 

Not-Go Thread Ring Gage 
Major diameter 
Pitch (effective) diameter 
Minor diameter = minimum pitch (effec- 
tive) diameter of screw minus 

(Check with plain check plug when di- 
mension measured is less than | inch) 
Lead 

Half angle 

Thread Check for Not-Go Ring Gage 
♦Major diameter = *maximum major 
diameter of screw 

Pitch (effective) diameter <= minimum 
pitch diameter of screw 
Minor diameter 
Lead^ allowable variation 
(Same as gage checked) 

Half angle, tolerance 
(Same as gage checked) 

Plain Check for Not-Oo Ring Gage 

(Used where dimension measured is less 
than i inch) 

Diameter and limits same as for minor di- ! 
ameter of gage checked 


Tolerance minus 

Tolerance plus 

Cleared 
Set to check 


Tolerance minus 
Allowable variation, 
plus or minus 
Tolerance, plus or 
minus 


Tolerance minus 
Allowance minus 
Tolerance minus 
Cleared 


Cleared 
Set to check 

Determine - from 
3 

Tolerance plus 


Allowable variation, 
^lus or minus 
Tolerance, plus or 
minus 


Tolerance plus 

Tolerance plus 
Cleared 


13 

13 

3 

12 

,7 

8 

12 

9 

10 or II 
S 
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Table 21a.— I nspection Gage Data for Screw Threads op 
Truncated Whitworth Foislm.— C ontinued 


Nut 

Detail 

Found in 
Table 28 
Column 

Go Thread Plug Gage 

Major diameters = minimum major di- 
ameter of nut 

Tolerance plus 

12 

Pitch (effective) diameter = minimum 

Allowance plus 

9 

effective (pitch) diameter of nut 

Tolerance plus 

10 or II 

Minor diameter 

Cleared 

3 

Lead 

Allowable variation, 

7 

Half angle 

plus or minus 
Tolerance, plus or 

8 

Not- Go Thread Plug Gage 

Major diameter = maximum effective 
P 

minus 

P 

Determine ^ from 

6 

(pitch) diameter of nut plus - 

3 

: Tolerance minus 

12 

Pitch (effective), diameter == maximum 
effective (pitch) diameter of nut 

Tolerance minus 

ri 

Minor diameter 

Cleared 

4 

Lead 

Allowable variation. 

7 

Half angle 

plus or minus 
Tolerance, plus or 

8 

Go Plain Plug Gage , 

Minor diameter = minimum minor di- 

rninus 

Allowance plus 

9 

ameter of nut 

Tolerance plus 

14 

Not- Go Plain Plug Gage 

Minor diameter = maximum minor di- 
ameter of nut 

Tolerance minus 

14 


* Except that crest of thread shall never have a fiat of less than 0.003 inch. 
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•Fig. 20 , — Adjustable Plain Snap Gage (American Gage Design 
Standard, Model C) for Checking Screw Threads of Truncated 
Whitworth Form. Nominal Diameter li Inches; 6 Threads per 
Inch; Class 2 Tolerance. 


SfampGO ShmpNOTGO \ SfampGO Stamp NOT GO 

, Mmordiam LZUt {Minor (siiam 12269^ R D. IA0I3, 

^ + r— ^ 


Stamp marking 
DOUBLE-ENDED PLAIN PLUG 


Stamp marking '' 
DOUBLE-ENDED THREAD PLUG 




t-- -f 

A dear min. . — 
w^ctia m ofnuh 




-0.04/ max 


ENLARGED CROSS SECTION 
OF 60 PLUG THREADS 



0.056 max 
■ approx^ ^ 


-ENLARGED CROSS SECTION-'.. 
OF NOT 60 PLUG THREADS § 


Fig. 2/. — Double-Ended Plain and Thread Plug Gages for Check- 
ing Screw Threads of Truncated Whitworth Form. Nominal 
Diameter Inches; 6 Threads per Inch; Class 2 Tolerance. 

Notes. Gages are to be of American Gage Design Standard. 
Gaging members are to be hardened, ground, and lapped. First 
half-turn of end threads is to be removed to avoid feather edges. 
Permissible variation in lead between any two threads ± 0.0004 
inch. 


ordinarily a 
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.Sfamp: -00 
; pi fen cfictm. 



,Sfmmp:-NOfOO 
\ pitch dictm. 
L3853 


Annular 
groove ibr 

not oozin g 


<Sfa/np:- 
marking 
60 THREAD RING 




-vX dear max, 
majordiam. 


‘115 •|| enlarged 

^ 3, CROSS SECTfON OF 
GO RING THREADS 


stamp: -Check for 60 
pitch diam, 1.3933^ ^ 


'"Stamp: -Marking 
60 CHECK PLUG GAGE 
Z7W'i0is\ 


< Stamp: - 
marking 

NOT 60 THREAD RING 
0.0S6approx. 


^•s 


Sfamp:-Checkfbr NOT GO 
pitch diam, l.3$53j 


ENLARSED || 
CROSS SECTION OF 
NOTGORIN6tHREADS-|f^ 


'Stamp: -Marking 
NOT 60 CHECK aU6 GAGE 

■27°30'-°’^' 



|l II 

^■7 -S'? 

'll 


0.028 max: 


“*cfearmifior 
diam. of 
ring gage 

ENLARGED 
CROSS SECTION OF 


U-aoSO approx. 


■*60 CHECK PLUG THREADS 


ENLARGED 

CROSS SECTfON OF <5:5 
NOT GO CHECK PLUG THREADS 


Fig. 2g. 
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SietUdear 
max. major 
0am, of screw 


OOgageckaranee 

\ cm oof greater 
u’^ than 0143Bp 


Shalt 
clear max. 
major0am.\ 
of screw i 


not 60 gage clearance 
7 j approx. 


truncafed 
60 gage 


'fill! j| 

111 


-» ■0.lB67p lrunc0ecf 
«* 60 gage 


60 gage 
clearance 


nofgreaier ^ k § ^ | 

tr?n il-g 5>SI£-ii| 


i NOTGOgageh 
r.$§ clearance 


T ^ . -S §V t 

ISW 1116 
1^11 Ill'll 
II 


fciilil 


pisapprox. tkS I 
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OM'neof 

fruncafednuf 



Oufllneof 

fruncotkd 

screw 


Fig. — Example of Screw Threads of Truncated Whitworth 
Form, Coarse Series Nominal Diameter i§ Inches; 6 Threads per 
Inch; Class 2 Tolerance; Length of Engagement Inches. 

Note. In this drawing clearance has been shown between the 
pitches for the purpose of accentuating the outline of the thread 
forms. However, under maximum metal conditions the full length 
of the flanks of any combination of the four units is in metal-to- 
metal contact. 
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Truncated Whitworth Form 

Nominal Diameter i| Inches; Length of Engagement li Inches: 
6 Threads per Inch; Class 2 (Medium) Tolerance 


Hoorn 1 


Comparative Dimensions of Standard Whitworth Form 
Nominal Diameter 12 Inches; Length of Engagement if Inches: 
6 Threads per Inch; Medium Fit 


= to ,bacome member? 


Dimensions of Thread on Screw 

Dimensions of Thread in Nut 

Major diam- 

Major diam- 

eter 1.4754 — 0. 0117 

eter i . 5000 minimum 

Pitch (effec- 

Pitch (effec- 

tive) diam- 

tive) diam- 

eter I . 3933 — 0 . 0080 

eter 1.3933 + 0.0080 

Minor diam- 

Minor diam- 

eter 1 . 2866 maximum 

eter 1.3x12-1-0.0157 


Dimensions of Thread on Screw 

i Dimensions of Thread in Nut 

Major diam- 

Major diam- 

eter 1.5000 — 0. 0121 

eter i . 5000 minimum 

Pitch (effec- 

Pitch (effec- 

tive) diam- 

tive) diam- 

eter) I .3933 — 0 . 1080 

eter I ‘3933 + 0.0080 

Minor diam- 

Minor diam- 

eter 1.2866 — 0.0162 

eter I . 2866 -p 0.0403 
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Table 23.— Suggested Tap Drill Sizes* 

Screw Threads of Truncated Whitworth Form — Coarse Series 


Nominal 
Thread Size 

Minor Diam. of Nut, in 
Inches 

Stock Drill 

Min. 

Max. 

Designation 

' Decimal Size, 
in Inches 

i-40 

0.0967 

1 

0. 1020 

No. 40 

0.0980 




2.5 nun 

0.0984 




No. 39 

0.099s 

A-24 

0. 1403 

0.1474 

No. 28 

0. 1405 




A iu. 

0. 1406 




3.6 mm 

O.1417 




No. 27 

0.1440 




3.7 mm 

0.1437 

|-20 

0.1934 1 

0.2030 

No. 10 

0. 193s 




No. 9 

0. i960 




5 mm 

0. 1968 




No. 8 

0.1990 




5.1 mm 

0. 2008 



1 

No. 7 

0. 2010 

A-18 

O- 249s 

0.2594 

i in. 

0. 2500 




6.4 mm 

0. 2520 


j 


6.5 mm 

0. 2559 



i 

F 

0. 2570 

I"i6 

0.3042 ; 

0.3145 i 

7.75 mm 

0.3051 




7.8 mm 

0.3071 




7.9 mm 

0.3110 




■^5 in. 

0.3125 

A-14 

0.3567 i 

0.3674 1 

T 

0.3580 



! 

9.1 mm 

0.3583 




if in. 

0.3594 




9.2 mm 

0. 3622 




9.25 mm 

0. 3642 

I-12 

0.405s 

0.4169 

if in. 

0.4062 




Z 

0. 4130 




10.5 mm 

0.4134 


0.4680 

0.4794 

if in. 

0. 4688 




12 mm 

0.4724 

l-II 

0.5220 

0.5338 

if in. 

0.5312 




13.5 mm 

0.5315 


0.5845 

0.5963 

15 mm 

0.5906 




if in. 

0.3938 


This table is for reference only. It may be that, due to unfavorable 
manufacturing conditions, the use of a drill given in this Hst will not result in 
the production of minor diameters lying within the specified maximum and 
rnimmumTimits. ■ 



ziy 


SCREW THREADS 


Table 2^a. — Suggested Tap Drill Sizes C ontinued 


Nominal 

Minor Diam. of Nut, in 
Inches 

Stock Drill 

Thread Size 

Min. 

Max. 

I Designation 

Decimal Size, 
in Inches 

J-IO 

0.6368 

0.6490 

in. 

0 . 6406 

l-Q i 

0. 7492 

0.7620 

fin. 

0. 7500 

1-8 

0.8585 

0.8720 

Win. 

22 mm 

0.8594 

0.8661 

i |-7 

0.9631 

0.9776 

24.5 mm 

W in. 

0.9646 

0.9688 

i |-7 

1. 0881 

1.1026 

in. 

28 mm 

1.0938 

I. 1024 

i §-6 

1.3112 

1.3269 1 

lA in. 

33.S mm 

1.3125 

1.3189 

if-S 

1.5234 

1.5408 1 

ifi in. i 

39 mm 
if in. 

44.5 mm 
iH in. 

1 - 53^2 

^.5354 


1.7483 

I . 7668 

1.7500 

1.7520 

1,765^ 


1.9668 

I . 9868 

50 mm 
ifjin. 

iflin. 

1.9685 

1.9688 

1.9844 


2.2168 

2. 2368 

21^ in. 

56.5 mm 
2if in. 

2, 2188 
2.2244 
2.2344 


2.4262 

2.4481 

2^ in. 

62 mm 

2.4375 

2.4409 


2.6762 

2.6981 

68 mm 

2ii in. 

68.5 mm 

2.6772 

2.6875 

2.6968 


or reference only. It ma;^ be that, due to unfavorable 
ditions, the use of a drill given^in this list .will not result 
of minor diameters l5ring within the specified masdmum 
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Table 24.— Suggested Tap Drill Sizes* 

Screw Threads of Truncated WMtwortli Form— Fine Series 



Minor Diam. of Nut, in 
Inches 

Stock Drill 







Min. 

Max. 

Designation 

Decimal Size, 
in Inches 

■1^-32 

0.1521 

0.1577 

No. 24 

3.9 mm 

No. 23 
^ in. 

0.1520 

O.IS 35 

0.1540 

0,1562 

^-8 

0.1783 

0.1841 

No. IS 

4,6 mm 

No. 14 

0.1800 

0.1811 

0.1820 

1-26 

i 0.206s 

0 . 2 I 2 S 

5.25 mm 

5.3 mm 

No. 4 

0.2067 

0,2087 

0.2090 


0.2377 

0 , 2437 

B 

6.1 mm 
! C 

0.2380 

0.2402 

0 . 2420 

^~22 

0.2610 

0.2684 

: G 

6.7 mm 
ii in. 

6.7s mm 

H 

1 0 . 2610 

i 0.2638 

0.2656 
0.2657 

0 . 2660 

1-20 

0.3184 

' i 

0.3280 

8.1 mm 

8.2 mm 

P 

8.25 mm 

0.3189 

0.3228 

0 . 3230 
0.3248 

1^-18 

0.374s 1 

0.3844 

9.6 mm 

9.7 mm 

0.3750 

0.3770 

0.3780 

0,3819 


0.4292 

0.439s i 

n mm 
fV in. 

0.4331 

0.437s 

^-16 

0.4917 

0.5020 

12.S mm 
h in. 

0.4921 

0 . 5000 

1-14 

0.5442 

0.5549 

Min. 

14 mm 

0.5469 

O.S 5 I 2 

ii-14 

0.6067 

0.6174 

M in. 

15.5 mm 

0.6094 

0.6102 

1-12 

0.6555 

0.6669 

ft 

0.6562 

A-12 

0.7180 

0.7294 

M m. 

0.7188 

i-II 

0.7720 

0.7838 

in. 

0.7812 

I- 10 

0.8868 

0 . 8990 

li m. 

0.8906 

ii “9 

0.9992 

I. 0120 

1.0 in. 

25.5 mm 

I . 0000 

I . 0039 

li-p 

I .X242 

1.1370 

in. 

1,1250 

1 1-8 

1.233s 

1.2470 

I Min. 

31.S mm 

1.2344 

1.2402 

iJ-8 

1.3585 

1.3720 

34.S mm 

1.3583 




I Min. 

1 .3594 


* This table is for reference only. It may be that, due to unfavorable 
manufacturing conditions, the use of a drill given in this list will not result in 
the production of minor diameters lying within the specified maximum and 
mimmum limits. 
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Table 24£t. — S uggested Tap Drill Sizes’^ 

Screw Threads of Truncated Whitworth Form British Standard 
Pipe (Parallel) 

(For general engineering purposes) 


Nominal 
Thread Size 

Minor Diam. of Nut, in 
Inches 

Stock DriE 

Designation 

Decimal Size 
in Inches 

Min. 

Max. 

1-28 

0.342s 

0-3483 

8.7 mm 

0.3425 





0.3437 




8.7s mm 

0-3445 




8.8 mm 

0.3465 

i-19 

0.4584 

0.4681 

if in. 

°- 4 S 3 it 

f-19 

0.5964 

; 0.6061 

II in. 

o- 5937 t 

4-14 

0.7442 

0-7549 

19 mm 

0 , 7480 




1 in. 

0.7500 

1-14 

0.8212 

0.8319 

21 mm 

0.8268 




Him 

0.8281 

3 T ^ 

4-14 

0.9602 

0.9709 

24.S mm 

0.9646 




li in. 

0.9687 

i-14 

1.1082 ' 

I .1189 

I* in. 

I . 1094 

I-II 

I . 2060 

1.2178 

iJI m. 

I. 2031 t 

li-II 

I -5470 

1-5588 

ill in. 

I. 5469 t 




39,5 mm 

1.5551 ' ■ 

ij-ll 

1.7790 

I . 7908 

iff in. 

1.7812 


* This table is for reference only. It may be that, due to unfavorable 
manufacturing conditions, the use of a drill given in this list will not result 
in the jiroduction of minor diameters lying within the specified maximum 
and minimum limits. 

t These drills are not vrithin the minor diameter tolerance but are the 
nearest smaller standard size. Provision should be made for machining to 
size. 





WHITWORTH THREADS 


2 5.— Bmtish Standard Whitworth Screw Threads- 
Basic Sizes 


Nom- Num- 

^ & 51 

Inches 

I* 40 0.025 00 o. 

^ 24 0.041 67 o. 

i 20 0.050 00 0.03 

^ 18 0.055 56 o. 

I 16 0.062 50 o. 

A 14 0.071 43 o. 


fit II 

I TO 


0.083 33 o. 
0.083 33 o. 
0,090 91 o. 

0.090 91 o. 
0.100 00 o. 
O.III II o. 

0.125 00 o. 
0.142 86 o. 
0.142 86 o. 


6 0.166 67 o. 

5 o . 200 00 o . 

4.5 0.222 22 o. 

4 0,250 00 o. 

4 0.250 00 o, 

3.5 0.285 71 o, 

3.5 0.285 71 o. 

3.25 0.307 69 o. 

3.25 0.307 69 o. 

3 0.333 33 o. 

3 0.333 33 o. 

2.8750.347 83 o. 

2.7s 0.363 64 o, 
2.6250.380 95 o. 

2.5 0.400 00 o 


0.7328 

0.4218 

0 . 8400 

0.5542 

0.9420 

0.6969 

1.0670 

0.8942 

I . 2866 

1.300 

1.4938 

I -753 

1.7154 

2.3II 

1.9298 

2.925 

2.1798 

3-732 

2-3840 

4.464 

2.6340 

S -449 

2.8560 

6 . 406 

3 . 1060 

7-577 

3-3232 

8.674 

3-5732 

10.03 

4.0546 

12.91 

4-5344 

16,15 

5.0122 

19-73 

S.4S78 

23-65 


xo xne cnxisn vaxanaara nne senes, Dux ix nas tor so loi 
the Whitworth series that it is now included herein, 
t To be dispensed with wherever possible. 
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SCREW THREADS 
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* To be dispensed with wherever possible. 
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SCREW THREADS 
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Table Bbitish Standard Fine Sckew Threads— Basic 
' '.'Sizes 


I 

2 

3 

4 

5 

6 

7 

8 

Nom- 

inal 

Diam- 

eter, 

in 

Inches 

Num- 
ber of 
Threads 
per 
Inch 

Pitch, 
in Inches 

Depth of 
Thread, 
in Inches 

Major 

Diam- 

eter, 

in Inches 

Effective 

Diam- 

eter, 

in Inches 

Minor 

Diam- 

eter, 

in Inches 

'Cross 
Sectional 
Area at 
Bottom 
of 

Thread, 
in Square 
Inches 

. A 

32 

0.031 25 

0.0200 

0.187s 

0.1675 

0 -I 47 S 

O.OI71 

A 

28 

0.035 71 

0.0229 

0.2188 

0.1959 

0.1730 

0.023s 

i . 

26 

0.038 46 

0.0246 

0.2500 

0.2254 

0 . 2008 

0.0317 

A 

26 

0.038 46 

0.0246 

0.2812 

0.2566 

0. 2320 

0.0423 

A 

22 

0.045 45 

0.0291 

0-3125 

0.2834 

0.2543 

0.0508 

8 

20 

0.050 00 

0.0320 

0-3750 

0.3430 

O.3IIO 

0.0760 

A 

18 

o-oSS S6 

0.0356 

0 - 437 S 

0.4019 

0 . 3663 

0.1054 

. 1 

16 

0,062 50 

0.0400 

0 . 5000 

0 . 4600 

0 . 4200 

0.138s 

A 

16 

0.062 50 

0 . 0400 

0.5625 

0.5225 

0.4825 

0.1828 

1 

14 

0.071 43 

0.0457 

0.6250 

0 -S 793 

0-5336 

0.2236 

if 

14 

0.071 43 

0.0457 

i 0.6875 

0.6418 

0 . 5961 

0.2791 

f 

12 

0.083 33 

0 - 0 S 34 

0.7500 

i ■ 

0.6966 

0.6432 

0.3249 


12 

0.083 33 

0.0534 

0.8125 

0.7591 

0.7057 

I 0.3911 

1 

II 

0.090 91 

0.0582 

0.8750 

0.8168 

0.7586 

0.4520 

I 

10 

0 . 100 00 

O.O64O! 

I . 0000 

j 0.9360 

0.8720 

0.5972 

if' 

9 ' 

O.III II 

O.O7II 

1.1250 

1-0539 

0.9828 

0.7586 

li ! 

9 

O.III II 

O.oAl 

I . 2 500 

1.1789 

1.1078 

0.9639 

if 

8 

0.125 00 

0 . 0800 

I -3750 

I . 2950 

I. 2150 

1 .159 

ij 

8 

1 

0.125 00 

0 , 0800 

I . 5000 

1.4200 

1.3400 

1 .410 

if 

8 

0.125 00 

0 . 0800 

1.6250 

1.5450 

1.4650 

1,686 

i| 

7 

0.142 86 

0.0915 

I . 7500 

1.6585 

1.5670 

1.928 

2 

7 

0.142 86 

0.0915 

2 . 0000 

1.9085! 

I .8170 

2.593 

2i 

6 

0.166 67 

0.1067 

2 . 2500 

2.1433 

2.0366 

3.258 

2 I 

6 

0.166 67 

0.1067 

2 . 5000 

2.3933 

2 . 2866 

4. 106 

2f 

6 

0.166 67 

0, 1067 

2 . 7500 

2.6433 

2.5366 

5- 054 

3 


0.200 00 

0.1281 

3.0000 

2.8719 

2.7438 

5-913 

3 i 

S", 

0.200 00 

0. 1281 

3 - 2500 

3.1219 

2,9938 

7-039 

3 | 

'■ ' 4 ,- S'. 

0.222 22 

0.1423 

3 • 5000 

3 -3577 

3-2154 

8. 120 

3 f 


0.222 22 

0.1423 

3.7500 

3.6077 

3*4654 

9.432 

4 

■.'':.'4'-5 

0. 222 22 

0.1423 

4.0000 

' 3-^577 

3-7154 

10.84 

4i 

4 

0.250 00 

i 0. 1601 

4 . 2500 

• 4.0899 

3,9298 

12.13 


Note. — I t is recommended that for larger diameters in this series four 
threads per inch he used. 



Table 285. — British Standard Fine Lihits and Tolerances, Close Fit, Bolts and Ndts 
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Table 28c. — B ritish Standard Fine Limits and Tolerances, Medium Fit, Bolts and Nuts 
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BRITISH STANDARD PIPE THREAD 3c 

Table 28e,— B ritish Standard Pipe Threads (Parallel)- 
: Basic Sizes • . 


Num. 

Stand,- •L. £ ' . , 

Threads • 

Pipe Inches 

Sch 


Gross 

Sectional 

Depth of Major Effective Minor Area at 
ThreaJ, Diam- Diam- Diam- Bottom 


eter, in eter, in eter, in 


Diam- Bottom 
eter, in of 
Inches Thread, 
in Square 
Inches 


28 0.035 71 0.0229 0.3830 0.3601 0.3372 0.0893 

19 0.05263 0.0337 0.5180 0.4843 0.4506 0.1595 

19 0.052 63 0.0337 0.6560 0.6223 0.5886 0.2721 

14 0.071 43 0.0457 0.8250 0.7793 0.7336 0.4227 

14 0.071 43 0.0457 0.9020 0,8563 0.8x06 0.5161 

14 0.071 43 0.0457 I. 0410 0.9953 0.9496 0.7082 

14 0.071 43 0.0457 1.1890 I. 1433 X.0976 0.9462 

IX 0.090 91 0.0582 1.3090 1.2508 1.1926 1.117 

II 0.090 91 0.0582 1.6500 1.5918 1.5336 1.847 

II 0.09091 0.0582 1.8820 1.8238 1.7656 2.448 

II 0.090 91 0.0582 2.1160 2.0578 1.9996 3.140 

II 0.090 91 0.0582 2.3470 2.2888 2.2306 3.908 

II 0.09091 0.0582 2.5870 2.5288 2.4706 4.794 

II 0.09091 0.0582 2.9600 2.90x8*2.8436 6.351 

TI 0.090 91 0.0582 3.2100 3.1518 3.0936 7.517 

II 0.090 91 0.0582 3.4600 3.4018 3,3436 8.780 
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Table 28/. — Whitworth Screw Threads of Special Diameters, 
Pitches, and Lengths of Engagement — Series of Pitches 




Standard Depth , 

Double 

Threads 

Pitch, 

of Thread, 

Standard Depth 

Inch 

in Inches 

in Inches 

of Thread, 
in Inches 

40 

0.025 00 

0.0160 

0.0320 

36 

0.027 78 

0.0178 

0.0356 

32 

0.031 25 

0.0200 

0 . 0400 

28 

0.03s 71 

0.0229 

0.0458 

26 

0.038 46 

0.0246 

0.0492 

24 

0.041 67 

0.0267 

0-0534 

20 

0,050 00 

0.0320 

0.0640 

18 

0.055 56 

0.0356 

0.0712 

16 

0.062 50 

0.0400 

0.0800 

14 

0.071 43 

0.0457 

0.0914 

12 

0.083 33 

0.0534 

0 . 1068 

10 

0 . 100 00 

0.0640 

0.1280 

8 

0.125 00 

0.0800 

0.1600 

6 

0.166 67 

0.1067 

0.2134 

4 

0.250 00 

0.I60I 

0.3202 



Note.* — Basic effective diameter = basic major diameter — standard 
depth of thread (Col. 3). 

Basic minor diameter *=» basic major diameter — tvdce standard depth 
of thread (Col. 4). 
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Tabi^ 2 Whitworth Screw Threads or Special Diameters, 

Pitches, and Lengths op Engagement 
Tolerances for Major Diameter of Bolts, Minor Diameter of Bolts, 
and Minor Diameter of Nuts 
(Unit of Tolerance == o.ooi In.) 


: 1 ' 

“2 \ 

3 1 

4 

5 

No. of 
Threads 
per Inch 

Bolts 1 

Nuts 

Tolerance on 
Major Diam- 
eter — Addition 
to Be Made to 
Effective Diam- 
eter Tolerance 
All Fits 

Tolerance^ on Minor Diameter — 
Addition to Be Made to 
Effective Diameter Tolerance 

Tolerance 
on Minor 
Diameter 

Close Fit 

Medium and 
Free Fits 

All Fits 

40 

1.6 

2.1 

3*2 

9.0 

36 

1,7 

2.2 

3-3 

9.6 

32 

1.8 

2.3 

3-5 

10.2 

28 

1*9 

2.5 

3.8 

II. I 

26 

2.0 

2.5 

3'9 

II. 7 

24 

. 2.0 

2.7 

4.1 

13-3 

20 

2.2 

2,9 

4-5 

17.0 

18 

2.4 

3-1 

4-7 

18-1 

16 

2.5 

3*2 

5-0 

19-5 

14 

2.7 

3-5 

5-3 

21.3 

12 

2.9 

3-8 

5-8 

23-7 

10 

3-2 

4.1 

6-3 

27.0 

8 

3-5 

4.6 

7-1 

32.0 

6 

4.1 

5-3 

8.2 

40,3 

4 

5-0 

6.5 

10. 0 

57-0 


Table 28^. — Bolt Threads with Flat Crests (Truncated 
Threads) 
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BRITISH ASSOCIATION SCREW THREADS (B. A.) 

British Association threads differ in every way from the British 
Standard or Whitworth thread, except that they are rounded at 
top and bottom. The angle is 47^ depees, and rnetnc measure- 
ments are used, the standard sizes in millimeters being rounded oS 
in each case to the second significant fi^re after calculation from the 
formulas below: . , , . . . 

Bitch in millimeters = (0.9)^ when n is number designating the 

screw. ■■ /' • 

Diameters == 6 X pitch. . i. xi. ^ 

Roots and crests are rounded with equal radii such mat the 
double depth of thread = f pitch. ^ ^ i 

These are for screws smaller than J inch, similar to the Amencan 
numbered series. The numbers, however, are opposite, No. 0 
being the largest (see Table 29). 


or the entr 




ROLLED THREADS v 

The roUed” thread process dates back more than 50. years and was 
first patented in England. It was first used on comparatively rough 
work, such as track bolts, but has come to be used on such fine work 
as the sizing of taps and screws for micrometers.,. 

The thread is forced up into the dies so that the fimshed s^ew is 
larger than the original wire by about the depth of one thread. In 
this way the size of the wire to use for any screw may be found by 
subtracting the depth of one thread from the outside diameter of 
the screw. Exact allowance ^depends on material being rolled and 

other conditions. . ' ■ . s 

The dies are usually flat plates of steel, having grooves of the same 
pitch and shape as the thread to be rolled. . The dies can be easily 

laid out as follows: . x 4.1, 

Draw a horizontal fine equal in length to the circumference of the 
wire or blank, and at its end draw a vertical line equal to the lead ot 
the screw. The diagonal line made by joining these two points 
shows the angle of incline of the grooves. This can be done more 
easily if both die circumference and the pitch are laid out to ten 
times their actual dimensions. ' ; ^ r • -l j 

The diameters of the blanks, are the pitch diameter of the fimshed 
thread and can be found in the thread tables. 

The leading thread forms now in use are : 

American (National) Standard 

' I = §epth - pX 0,6495* 

Xhis thtead was devised by William Sellers, 
and recommended by the Franklin Institute. Later called U. S. 
Standard and now American Standard. 


-British Association Screw THREAi)S-47l-Dgo^^^^ Angce 



1 Diameter, Effective Diameter, Core Diameter, Grade 

Millimeters in Millimeters in Millimeters 
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* Minor Diameter.— The tolerances given in the above table for the minor <hametef are the approximate inch equivalents 
of the increased tolerances permitted by this war emergency revision as given in millimeters. 
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Dardelet Self-locking Thread 


Table 29— Thread Bata 


Dardelet Tliread 


Identification 

Tap Drill 

Area of 
Body 
of Bolt 

Minimum 

Diameter 

Basic Area 
of Mini- 
mum Sec- 
tion 

Dardelet 

Thread 

Sizes 

Threads 

per 

Inch 

Mark 

Diam- 

eter 

1 


16 

No. 5 

0.20s 

0.0491 

0 . 2 I 2 S 

0 . 03 SS 



14 

G 

0.261 

0.0767 

0 . 2697 

0 . 0 S 7 I 

i 


13 

0 

0.316 

0. 1105 

0.3250 

0.0830 


rV 

n 

V , 

0.377 

0.1503 

0.3829 

0. 1152 


f 

10 

If 

0.422 

0. 1964 

0.4400 

0 .IS 20 


h 

9 

i ■ 

0.484 

0.2485 

0 . 49 S 9 

0,1931 



8 


0 .S 3 I 

0.3068 

0.5 SOO 

0.2376 


: 

8 


0.656 

0.4418 

0.6750 

0.3578 


f 

;7 ■ 

% 

0.781 i 

0.6013 

0.7893 

0 .4893 

I 


6 

ft 

. 0.891 

0.7854 

0 . 9000 

0.6362 



'.,5 ■; 

n 1 

0.984 

0.9940 

I. 0050 

0.7933 

I 

t 

5 

If 

I. 125 

1.2272 

I. 1300 

1 . 0029 

If 

4 

Iff 

1.344 

1.7671 

I. 3 S 00 

1.4314 


The Dardelet thread resembles the Acme thread but the thread depth is 
less and both the root of the thread on the bolt and the crest of the thread 
in the nut are tapered about 6 degrees; considerable end play is provided to 
permit the tapered surfaces to lock, as shown. 

WATCH SCREW THREADS 

Watch screw threads are of sharp V form and, generally, 45- 
degree angle for screws used in nickel and brass but are 60 degrees 
for use in steel. The Waltham Watch Company anid others use the 
centimeter as the unit for all measurements with the exception of the 
pitch, which is based on the inch j the Waltham threads being no, 
120, 140, 160, 170, 180, 200, 220, 240, 254 per inch and the diam- 
eters ranging from 0.120 to 0.035 centimeter. (See pages 44-46.) 
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Britisti Assodalion Standard 
= pitch. 


d = depth = 
r = radius = 


p X 0.6, 

2Xp 


If '"w 


This thread has been adopted in England 

for small screws used by opticians and in telegraph work,_ upon 
recommendations made by the committee of the British Association. 
It was derived from the Swiss thread of Prof. Thury. The diameter 
and pitches in this system are in millimeters. 

Buttress 

^ " pitch ” lio, threads per inch 
The buttress thread takes a bearing only 

on the straight side and is very strong in • " 

that direction. The ratchet thread is of 
practically the same form but sharper. 

International (Metric) Standard 
pitch. * 

d = depth — pX 0.6495. 

The International thread is of the same form as the American. 
This system was recommended by a Congress held at Zurich in 
1898, and is much the same as the metric system of threads generally 
used in France. The sizes and pitches in the system are in milli- 
meters. Used on spark plugs in this country. 

Square 

p — pitch. threads per inch k 

d == depth = J p. 

/ = width of flat = i 

— width of space *= \ p. //////////////////^^ 

While theoretically depth, width of space and thread are each 
one-half the pitch, in practice the groove is cut slightly wider and 
deeper. 

Loewenherz-Gennan 

Used on the Continent for watch and in- h 

strument. Used in the United States on / I 

magnetos. It is being replaced by 60- ^ 

degree metric thread. vy 0 ^y 0 / 07 //y/ 0 Zr^ 

Pitch in millimeters 

F = flat == 0.0049 X pitch in millimeters. 
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Properties or Watch Screw Threads — Continued 
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0 SCREW THREADS 

V, 6o-Degree Shaxp 

P — threads per inch 

d — depth == p X 0.8660. 

While the sharp V form, gives a deeper 
thread than the U. S. Standard, the ob- 
jections urged against the thread are that the sharp^ top is injured by 
the slightest accident, and, in the case of taps and dies, the nne edge 
is quickly lost, causing constant variation in fitting. 





Whitworth Standard 

p — pitch - threads per inch 
d == depth = X 0.64033. 


The Whitworth thread is the standard in 
-use in England. It was devised by Sir 
Joseph Whitworth in 1841, the system then proposed by him being 
slightly modified in 1857 and 1861. 

ACME THREADS 

The Acme 20-degree thread has largely replaced the square 
thread. Finer pitches are being used to conserve strength, decrease 

Alhwcfnce on 
major d/am. 



Allowance 
on minor 
d/ame/er 

Fig. 3.— American National Acme Thread 

the tapping difficulties, and increase the bearing area m the nut 
The Greenfield Tap & Die Corp. shows this clearly in Fig. 3 with 

the sections of both 2 1- and 5 -pitch threads, 

DEriNiTioNS OF "thread Parts 

Angle of Tiiread.' — ^The angle between the sides of the^ thread 
measured in an axial plane shall be 29 degrees. The lino bisecting 
this 29-degree angle shall be perpendicular to the axis of the screw 

^^Depth of Thread.— The basic depth of the thread shall be equal 
to one-half of the pitch. 
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Thickness of Thread.— The basic thickness of the thread at a 
diameter smaller by one-half the pitch than the basic major diam- 
eter shall be equal to one-half of the pitch. 

Clearance at Minor Diameter. — A clearance shall be prov|ded at 
the minor ^ameter by making the minor diameter of the screw 
o.oio inch smaller than basic for lo or less threads per inch and 
0.005 inch smaller than basic for more than lo threads per inch. 

MODIFIED ACME THREAD 
BiSr Screws'.- (Depth) 

a=(0.375xP) +0.010” 
f =0,40302 xp^ 
c = (0.40302xp)-0.00S2'‘ 

FobTaps:- 
4 = {0.375xp)+p.020'' „ 
f=(0.40302xp)-0.0052!, 
c=(0.40302xP)-0.0052'‘ 

p. L 

No.Thtis. per Inch 


j^-p — j 

I 



"*\ C !?»y 


MODIFIED SQUARE THREAD 
( Form and Depth) 

Fop Screws:- „ 

ds(0.375 XP)+O.OIO” h-- P ---4 

f= 0.4507 xP „ 

c = (0.4507xp) -0.0026 .>j f j^- j 

For Taps'.- . pxn 

d = (0,375 xP) +0.020”, / h 

f = (0.4S07xP)-0.0026' / . \ 

c=(0.4507xP) -0.0026 / t l- 

^"No.Thds. per Inch ^ 


c k 


MODIFIED SQUARE THREAD 
{ Form) 

For Screws 
d=(0.500xP) + 0.010‘ 

f -0.4342XP J X I ! 

c = {0.4342xp)-0.0026' '1 T | 

^d*={o!500xp)+0.020’' rT\ 

f «(0.4342xP)-0.0026” / i \ / I 

c-C0.4342xP)-0.0026” / v \ I L 

^'No.Thds perineb ^ 

Fig. 4.— Modified Threads for Heavy Threading with Taps and 


Clearance at Major Diameter. — A clearance shall be provided at 
the major diameter for all classes by making the major diameter 
of the nut or threaded hole at least 0.020 inch larger than basic. 

Fillets at Minor Diameter.— Fillets at the juncture of sides and 
root of the thread of the screw will develop on account of the round- 
ing of the corners of the threading tool and the side cutting action 
of milling cutters when these threads are milled. It will be neces- 
sary, therefore, on tapped holes for all classes of fits, to provide a 
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fillet or bevel at tKe miEor diameter of the tap to remove the corner 
of the crest of the thread of the tapped hole. This fillet, or bevel, 
should be at least o.oio inch for pitches of 3 threads per inch and 
fi:ner, and at least 0.020 inch for pitches coarser than 3 threads per 
inch. 

The basic form of this thread is shown in Fig. 3. Modified forms 
of Acme threads used are shown in Fig. 4. 


Table 31. — Recommended Pitches, Corresponding Range 
01 Major Diameters, and Basic Thread Data, American 
National Acme Threads 


Number of 
Threads per 
Inch, n 

Recommended Range 
of Major Diameters, ^ 
in Inches 

Pitch, p 
in Inches 

Basic 
Depth 
of Thread, 
h a= Q.SP 
in Inches 

Basic 
Width 
of Flat, 

F =» 

: o. 37 o 69 ^> 
in Inches 

I Least 

Greatest 

' I 

2 

3 

4 

5 

.6 , 

I 

4.S000 

1 13. SOOO 

1 .00000 

0 . SOOO 

0.3707 

li 

3 . sooo 

10.5000 

0 . 75000 

0.3750 

0.2780 


3.0000 

9.0000 

0 . 66667 

0.3333 

0.2471 

.. 2 , ! 

2.2500 

6 . 7500 

0.50000 

0.2500 

0 ,l 8 S 3 


1.7500 

5.2500 

0 . 40000 

0.2000 

0.1483 

3 

1 . 5000 

4. SOOO 

0.33333 

0 . 1667 

0.1236 

4 

1 .1250 

3-3750 

0.25000 

0.1250 

0.0927 

S 

0.8750 

2.6250 

0 . 20000 

0 . 1000 

0 .0741 

6 

0.7500 

2.2500 

0.16667 

0.0833 

0.0618 

8 

0.5625 

1.687s 

0.12500 

0.062s 

0.0463 

10 

0.4375 

1.312s 

O.XOQOO 

0.0500 

0.0371 

12 

0.3750 

I ,1250 

0.08333 

0.0417 

0.0309 

14 

0.312s 

0.9375 

0.07143 

0.0357 

0.0265 

16 

0.2500 

0 . 7500 

0.06250 

0,0312 

0 .0232 


1 These recommended least diameters correspond to a maximum helix 
angle (at the minor diameter) of approximately 5°. The recommended 
greatest diameter are 3 times the least. 


The following general specifications apply to all standard Acme screw 
threads: 

1. Basic Diameters . — ^The maximum major and pitch diameters of the 
screw, and the minimum minor diameter of the nut are basic, 

2, Tolerances. — a. The tolerances specified represent the extreme varia- 
tions allowed on the product. 

h. The tolerances on diameters of the nuts or threaded holes are plus, and 
are atmlied from the minimum nut sizes to above the minimum nut sizes. 

c. The tolerances on diam'eters of the screws are minus, and are applied 
from the maximum screw sizes to below the maximum screw sizes. 
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WORM AND BUTTRESS THREADS SI 

WOm AND B THREADS 

‘Worm threads also have a 29>degree angle but are 0-1766 inch 
deeper than the Acme on a i-inch pitch. The proportions are 


!*■ 




N -No, of Threads per Inch 
“T pz, y}sf a Linear P/fch 
a D = 0.0866 P A- 0.3183 F 
1 F=0.33SP C- T//g 

^ W-0.3IP 3= O.SBSP 

^ T-0.5P B-0.69P 


Pitch = 


jTXLUii Threads per inch 

J -6866 

ep o rea Threads per inch 

-Proportions of Brown and Sharpe worm thread 




M*d4^p = ^j4p (3 

I dr* 


M«^d+gp4.|p=d4|p 

=^fp+ip 
=f p+ip 

M = fp 


AP = OP, equal legs of 45®f ricungle 
OD * OC, radjj of same circle 
AP4 0b = OC+OP 
It is obvious that the circle (wire) 
is-fangentto NCS 


D- 

R' 


Fig. 6. — ^Proportions of Buttress Thrcrads 

shown in Fig. 5. The worm thread is based on the linear pitch 
of the worm, the proportions being figured as for a rack tooth with 
varying clearances at the bottom. Brown and Sharpe worm thread 
has a uniform clearance of 0.005 inch for all pitches. 
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MEASUREMENT OF THREAB TO 

The table of angle measurements that follows should prove of 
convenience to all who make tools for cutting angles or make the 
gages for these tools. 

The principle here adopted is that, on account of the difl&culty, 
and in some cases the impossibility, of measuring the tool at its 
point, the measurement is taken on the angle of the tool at a given 
distance from the point. In this case the true measurement will be 
less than the actual measurement by an amount equal to twice the 



* 

Fig. 7. — Measuring Thread Tools with Vernier Caliper 


tangent of half of the angle, multiplied by the distance of the line of 
measurement from the point. 

For making the measurement the Brown and Sharpe gear- tooth 
caliper may be used. Figure 7 shows this tool in position for 
measuring. The depth vernier A is set to a given depth and the 
measurement is taken by means of the vernier B. The width of 
the tool point x is equal to the measurement on the line a h less 

2k 




To use the table, h is always taken to be A- inch, 

which is found to be a convenient depth for most work. If a greater 
depth is required, all that is necessary is to multiply the figures 
given by the ratio of the required depth to inch. For instance, 
if the depth is required to b e f inch, the figures given are multiplied 
by 2. In the great majority of cases, A will be found a suitable 
value for Jf, when to find the width of the point x it is merely neces- 

c ^ /. ■■ V' ■ 

, .tan-—'' 


sary to deduct the value of • 


8 


■ for the angle required, which can 


be obtained at a glance from the table. 


temporary 

.courses Srre nwrube^ of 
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In tHe case of the American or United States standard thread, the 
point of the tool should be one-eighth of the pitch of the screw, while 
in the "Whitworth standard, as shown, the point of the tool would be 
one-sixth of the pitch if it were not rounded. By using these figures 
in combination with the table, it can be determined when sufficient 
has been ground from the point of the tool. 

The taWe is called Table for Angle Measurements,^^ because if 
a sharp angle, that is, one without the point ground away, is meas- 
ured as above, this measurement, by reference to the table, will give 
the angle direct. 


Table 33. — Thread Tool Angle Measurements 


Degrees 

tan ~ 

2 

Degrees 

ian ^ 

2 

Degrees 

a 

s 

8 

s 

I 

0.001 1 

31 

0.0346 

61 

0.0736 

2 

0.0022 

32 

0.0358 

62 

0.0751 

3 

0.0033 

33 

0.0370 

63 

0.0766 

4 

0.0044 

34 

0.0382 

64 

0.0781 

5 

0.005s 

35 

0.0394 

^5 

0.0796 

6 

0,0066 

36 

0.0406 

66 

0.081 r 

7 

0.0077 

37 

0.0418 

67 

0.0827 

8 

0.0088 

38 

0.0430 

68 

0.0843 

9 

0.0099 

39 

0.0442 

69 

0.0859 

10 

0.01 10 

40 

0.0454 

70 

0.087s 

II 

O.OI 2 X 

41 

0.0466 

71 

0.0891 

12 

0.0132 

42 

0.0489 

72 

0.0908 

13 

0.0143 

43 

0.0492 

73 

0.0925 

14 

0.0IS4 

44 

0.0505 

74 

0,0942 

IS 

0.0165 

45 

0.0518 

75 

0.0959 

16 

0.0176 

46 

0.0531 

76 

1 0.0976 

17 ' ^ 

0.0187 

47 

0.0544 

77 

1 0.0994 

18 i 

0.0198 

4S 

0.0557 

78 

i 0,10x2 

19 : 

0.0209 

49 

0.0570 

79 

0.1030 

'20 1 

0.0220 

50 

0.0583 

So 

0.1048 

21 

0.0231 

SI 

0.0596 

81 

0.1067 

, ■:'22, 

0.0242 

52 

0.0609 

82 

0.1086 

23 

0.0253 

53 

0.0623 

83 

0.1x05 

24 

0.0264 

54 

0.0637 

84 

0.1125 

25 

0.027s 

.55 

0.0651 

85 

0,1X45 

26 

0.0286 

56 1 

0.0665 

86 

0.1x65 

27 

0.0298 

57 i 

0.0679 

S7 

0.1186 

28 

0,0310 

58 

0.0693 

88 

0.1207 

29 

0.0322 

59 : 

0.0707 

89 

0.1228 

30 

0.0334 

60 

0.0721 

90 

0.X250 


GRINDING THE FLAT ON THREAD TOOLS 
To facilitate grinding the correct width of flat for the single-point 
inserted tool to cut American standard form of threads, 5ie table 
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Table 34‘~“Elements of Grinding Flat End of Tool for 
American Form of Thread, Giving Depth and - 
Flat ■■■ 




Threads 
per Inch 

Pitch 

A 

B 

c 

Double 

Depth 

Depth 

I 

I.OOO 

.1064 

.125 

.1082 

1.299 

•649s 

2 

.5000 

.0532 

.0625 

.0541 

•649s 

•3247 

3 

•3333 

•03SS 

.0416 

.0360 

•433 

.2165 

4 

•2500 

.0266 

.0312 

.0270 

•3247 

.1623 

5 

.2000 

,0213 

.0250 

.0216 

.2598 

.1299 

6 

,1666 

.0177 

.0208 

.0180 

.2165 

.1082 

7 

.1428 

.0152 

.0178 

.0154 

•1855 

.0927 

8 

.1250 

; *0133 

.0156 

•013s 

.1623 

.6812 

9 

.1111 

1 .0118 

.0138 

.01 20 

i .1443 

.0721 

lO 

■ .1000 

.0106 

.0125 

.0108 

.1299 

.0649 

11 

.ogoo 

.00963 

! .0113 

.0098 

-1180 

.0592 

12 

•0833 

.OOS86 

.0104 

,0090 

.1082 

.0541 

13 

.0769 

.008 iS 

.0096 

.0083 

.0999 

.0499 

14 

.0714 

.00758 

.0089 

.0077 

.0920 

.0460 

IS 

.0666 

.00707 

.0083 

.0071 

.0866 

•0433 

i6 i 

.0625 

.00673 

.0079 

.0068 

,o8T2 

.0406 

17 

.0588 

.00620 

.0073 

.0063 

.0764 

.0382 , 

i8 

•0555 

-00588 

.0069 

.0059 

.0721 

*0360 

19 

.0526 

.00554 

.0065 

.0056 

.0683 

.0341 

20 

.0500 ! 

.00530 

.0062 

.0054 

.0649 

.0324 

21 

.0476 

.00503 

.0059 

.0051 

.0618 

.0309 

22 

•0454 

.0048 

.0056 

.0049 

.0590 

.0295 

23 

.0431 

.00451 

.0053 

.0046 

.0364 

.0283 

24 

.0416 

.00433 

.0052 

.0045 

■0541 

.0270 

25 

.0400 

.00426 

.0050 

.0043 

.0519 

.0259 

26 

.0384 

.00409 

.0048 

.0041 

.0491 

.0245 

27 

.0370 

•00393 

.0046 

.0040 

.0481 

.0240 

28 - 

•0357 

•00375 

.0044 

.0038 

.0463 

.0231 

29 

.0344 

.00366 

.0043 

.0037 

.0447 

.0223 

30 

•0333 

•00354 

.0041 

.0036 

•0433 

.0216 

31 

.0322 

.00341 

.0040 

•0035 

.0419 

.0209 

32 

.0312 

.00332 

.0039 

.0034 

.0405 

.0202 


.'s 
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on page 54 shows flats for’ commonly used threads. The distance 
from the point of the tool to the back is first measured with the 
micrometer, then the point of the tool may be ground off until 
the micrometer measurement from the back is equal to the whole 
depth minus dimension A, when we may be sure, without under- 
taking the difficult job of measuring it directly, that the flat B has 
the proper width. The dimensions A and B for pitches from i to 
32 threads per inch are included in the table. 

SCREW-THREAD MEASUREMENT 

Screw threads are no longer measured by their outside diameter, 
but by the pitch diameter, using either micrometers with special 
points that bear onl}^ on the thread angle, 
wires laid in the threads and measured 
across the outside, or optical methods 
that compare a magnified image of the 
thread with a standard pattern. The 
first two methods are more common than Fig. 8 . — Spindle and 
the last, although the optical method is Anvil of Thread Microm- 
being more widely used. eter 

Screw-Thread Micrometer Caliper 

The thread micrometer is fitted with pointed spindle and V 
anvil, as in Fig. 8, to measure the actual thread on the cut surface. 
Enough of the point is removed and the bottom of the V is carried 
low enough so that the anvil and spindle clear the top and bottom « 
of the thread and rest directly on the sides of the thread. 

As it measures one-half of the depth of the thread from the top, 
on each side, the diameter of the thread, as indicated by the caliper, 
is the pitch diameter, or the full size of the piece less the depth of 
one thread. See tables on pages 61 and 62. 

This depth may be found as follows: 

Depth of V threads = 0.866 - 5 - number of threads to 
I inch. 

Depth of American threads == 0.6495 -h number of threads to 
I inch. 

Depth of Whitworth threads = 0.64 -7- number of threads to 

I inch. 

As the American thread is flattened one-eighth of its own depth on 
top, it follows that the minor diameter of the thread is increased one- 
eighth on each side, equaling one-fourth of the whole depth and, 
instead of the constant 0.866, we use the constant 0.6495, which is 
three-fourths of 0.S66. 

When the point and anvil are in contact, the o represents a line 
drawn through the plane AB, Fig. 8, and if the caliper is opened, 
say to 0.500, it represents the distance of the two planes 0,500 inch 
apart. The pitch diameters of standard threads a^e given on 
pages 8-9. British tables call this “effective diameter.” 

Measuring Threads by the Three-Wire Method 

The three-wire method of measuring the pitch diameter of screws 
is recommended by the Bureau of Standards as the best means of 
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$6 SCREW THREADS 

securing uniformity. By placing the three wires, of correct diam- 
eter, in the threads, as shown in Fig. 9, and measuring over them, 
the pitch diameter can be found directly by subtracting the wire 
constant from the measured diameter. This simplified procedure 
results only when the “best wire” for the pitch of the screw is used. 
The best wire is the size of wire which, touches the thread at the 
middle of the sloping sides. Inasmuch as 
the pitch diameter is defined as the diameter 
of the screw where the land and space are 
equal (this occurs at the middle of the sloping 
sides), the “ best wire ” touches the thread at 
the pitch diameter. Also, measurements of 
pitch diameter with “best” wires are true 
measurements, although slight variations 
are present in the angle of thread. 

The wires used should be hardened and 
lapped steel wires and should be three times 
as accurate as the accuracy of the measure- 
ments desired. Bureau of Standards speci- 
fications call for an accuracy of 0.00002 inch. 
The formula for the wire is: 

^ sec a 

The general formula for computing the measured pitch diameter 
of a screw is: 

£ = jf + £2^ _ G(i + cosec o) 

2A 

where M = measurement over wires. 

E (or PD) = pitch diameter. 

6 = diameter of “best” wire. 

N — number of threads per inch. 
a = one-half of the included angle of thread. 

For a 60-degree thread, which includes American coarse and 
National fine threads and also 60-degree metric threads, this formula 
reduces as follows: 

E = M + - G(i + 2.00000). 

And this reduces further to 

„ , 0.86602 ^ 

E^ M 

Now it so happens for a 60-degree thread that the depth of a sharp 
V thread is ' ' ^ — and that 3(? or three times the diameter of the 

“best” wire is just twice so the formula is further simplified 
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Fig. 9.— Using 3 
Wires 
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E “ if “ depth of V thread, 
if = Jg 4- depth of V threa^^ 

To check pitch diameter E from outside measurement over the 
wires, transpose the formula to: 

ir ^ 0,86602 

if = E + sG ^ 

The first column on page 64 shows the number of threads per 
inch, the second the diameter of the best wire G to use for the 
different pitches, then the wire constant or depth of a V thready E, 
next, depth of American thread h, and the smallest and largest wires 
that can be used. The formula for each is given at the top of the 
column. 

Formula for o ther thread angles and a clamp for holding work and 
wires on pages 60, 65, and 75, 


Measuring THE Thread Angle 

There is sometimes confusion in measuring National and V 
threads with the same wires. The V thread, being deeper than the 
National form, has a smaller pitch diameter for the same out- 
side diameter. A f-inch 13-pitch National, for example, has a 
pitch diameter of 0.45004 inch, whereas a V thread of the same 
outside diameter has a pitch diameter of 0.43338 inch. 

The angle of thread can be checked by using wires of two sizes 
and measuring over each, then calculated by the following formula. 
Using the maximum wire Gi and the minimum wire Gi and calling 
the maximum measurement Mi and the ndnimum measurement M2, 

the formula is ^ When this equals 3.0000, the angle is 

Cri — 0-2 

60 degrees. For other angles the following results will be obtained : 

The following is an example of measuring a |-inch 13-pitch 
American coarse thread: 


Major diameter o . 5000 inch 

Number threads per inch — 13 

j Best wire size. o. 04441 inch 

Measurement over wires 0.5169 inch 

Wire constant. 0.06662 inch 

♦ Gi maximum wire size. 0.06415 inch 

j G2 minimum wire size ... o . 041 24 inch 

j Ml measurement over maximum wires 0.5811 inch 

M 2 measurement over minimum wires 0.5122 inch 


The measured pitch diameter is 0,5169 — 0.06662 = 0.45028 
inch. , . 

The nominal or basic pitch diameter should be specified on the 
shop drawing, but if not, it. is found by subtracting the depth of 
thread h from the ma j or diameter. Thus the basic pitch diameter is 
0.5000 — 0.04996 = 0.45004 inch. The thread measured is, there- 
fore, 0.00024 inch oversize. 
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or.? the measurements obtained with the marimum 

and minimum wires m the formula for angle, the result is: 

_o.58ii 0.512 2 _ 0.0689 

0.02291 


= 3.0074. 


0.06415 — 0.04124 

From the table of results of angle computations it is found that 
re^ufh degrees 40 minutes and the 

tfe f, mnutes. The result obtained in 

. inch 1 3 'pitch example is about halfway between z oioi and 
3.00S0, and the angle of thread is therefore 59 degreeT 4 S iSnutes 

Best Size Wires 

^ Wires which touch the thread at the pitch diameter are known as 

nf^nfto^ because the measurements 

of pitch diameter are least affected by errors that may be present in 
the angle of the thread. The diameter of the meaLring wSs £ 
represented by the letter G. <=aBuimg wires is 

The general formula for best size wires is; 

Q = ^ 

2n 

For 60-degree threads this reduces to 


For 55-degree threads best size wires 


I - ^>563692 


pr 0.563692^ 


For 53 "^iGgree 8 -minute threads best size wires 
G == 0.SS902P 
h or 50-degree threads best size wires 

G = 

n ■■ ■ 

For 47^-degree threads best size wires 
G - 0.54625^ 

For 40-degree threads best size wires 
0.5321 

G = or 0.5321^ 

For 29-degree threads best -size wires 
^ 0,5164s 

G - — or 0.51645^ 

, f °;degree threads the depth of a sharp V thread will equal 

nl^ diameter) except in some cases in the fifth decimal 

place, where computations may not be exact. 
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MEASURING WIRE SPECIFICATIONS 
Important Specifications 

2 - to 20-pitch wires are standard at 2^ pounds pressure over a 
0.750 diameter cylinder. 

22- to 120-pitch wires are standard at i pound pressure over a 
0.750 diameter cylinder. 

j Complete Specifications 

I The following is abstracted from the 194.2 revision of “Screw 
Thread Standards for Federal Services: 

Standard Specification for Wires and Standard Practice 
IN Measurement of Wires 

I The following specifications represent present practice relative to thread 

measuring wires: 

I I. Composition. — The wires shall be accurately finished hardened steel 

I cylinders of the maximum possible hardness without being brittle. The 

t hardness shall not be less than that corresponding to a Knoop indentation 

! number of 630. A wire of this hardness can be cut with a file only with 

j difficulty. The surface shall not be rougher than the equivalent^ of one 

measuring 3 micro-inches root mean square deviation from a true cylindrical 
; surface, as measured with the profilometer. 

I 2. Construction.— The working surface shall be at least i inch in length, 

s The wire may be provided with a suitable means of suspension. 

, 3. Container and Marking. — A suitable container shall be provided for 

f each set of wires, and the pitch for which the wires are the best size and 

the diameter of the working part of the wires, as determined by measure- 
ments under standard conditions as specified below, shall be marked on the 
container. 

4. Diameter of Wires. — One set of wires shall consist of three wires which 
shall have the same diameter within 0.00002 inch, and this common diameter 
shall be within 0.0001 inch of that corresponding to the best size for the pitch 
for which the wire is to be used. Wires shall be measured between a fiat 
j contact and a 0.750 inch hardened and accurately ground and lapped steel 

I cylinder with contact pressure as follows: Wires for 60-degree threads in 

i pitches finer than twenty threads per inch, 16 ounces; wires for pitches of 
twenty threads per inch and coarser, 2| pounds, wires for zp-degree threads, 
2I pounds. 

It is recommended that wires, which are used for the measurement of 
gears, splines, dovetails and other surfaces where the contact of the wire is a 
line contact, be measured between flat parallel measuring contacts under a 
i-pound load. 

S. Variations in Diameter. — ^Variationsin diameteraroundthe wire (round- 
ness) shall not exceed 0.00002 inch, as determined by measuring between a 
flat measuring contact and a hardened and well finished. 60-degree V groove 
cut on a cylinder. Variations in diameter along the wire (taper), over the 
^-inch interval at the center of its length, shall not exceed 0.00002 inch, as 
; determined by measuring between a fiat contact and a cylindrical contact. 

Methods of Measuring and Using Wires 

, In order to measure the pitch diameter of a screw-thread gage to an 

accuracy of 0.0001 inch by means of wires, it is necessary to know the vrire 
diameters to 0.00002 inch. The micrometer to be used for measuring wires 
should be one which is graduated to ten-thousands of an inch and upon which 
hundred-thousandths of an inch can be estimated. Such micrometers are 
available in various forms of precision bench micrometers, and measuring 
machines. Care should be taken to make sure that the measuring faces of 
the micrometer are flat and parallel to within 0.00002 inch. The taper of 
wires can best be determined by measuring between a flat micrometer con- 
tact and a cylindrical anvil. Any pits or worn spots on the wires can be 
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detected with the same arrangement. ^ Variations in roundness and straight- 
ness are usually determined by rotating the wire between flat contacts one- 
fourth inch in diameter. However, one form of variation in roundness can 
only be detected by rotating the wire in a V groove against a flat micrometer 
contact- The V groove may be the thread space in a hardened and well- 
finished thread plug gage. 

The contact pressure used in making measurements is also an important 
factor, since the wires, when in use, rest on the sides of the thread, and a given 
pressure exerted on the top of the thread has a magnified effect in distorting 
the wire and causing the measurement of the pitch diameter to be slightly less 
than it should be. In making measurements over the wires inserted in the 
thread groove, it has been common shop practice to hold the wires down into 
the thread by means of elastic bands. This has a tendency to prevent the 
wires from adjusting themselves to the proper position in the thread grooves; 
thus a false measurement is obtained. In some cases it has also been the 
practice to support the screw being measured 9n two wires, which are in tpm 
supported on a horizontal surface, and measuring from this surface to the top 
of a wire placed in a thread over the gage. If the screw is of large diameter, 
its weight causes a distortion of the wires and an inaccurate reading is 
obtained. For these reasons these practices should be avoided and sub- 
sidiary apparatus for supporting the wires and micrometer should be used. 

For consistent results a standard practice as to contact pressure in making 
wire measurements of hardened screw thread gages is necessary. The com- 
puted value for the :|oitch diameter of a screw thread gage obtained from 
readings over wires will depend upon the accuracy of the measuring instru- 
ment used, the contact pressure, and the value of the diameter of the wires 
used in the computations. The use of different contact pressures will cause 
a difference in the readings over the wires, and such errors can only be com- 
pensated by the use of a value for the diameter of the wires depending on the 
contact pressure used. The effect of variation in contact pressure in measur- 
ing threads of fine pitches is indicated by the difference in readings obtained 
with 2 and 5 pounds pressure on a 24-pitch thread plug gage. The readings 
over the wires with $ pounds pressure was 0.00013 inch less than with 2 
pounds pressure. 

A wire presses on the sides of a 60-degree thread with 'the pressure that is 
applied to the wire by the measuring instrument. This fact would indicate 
that the diameter of the wire should be determined by readings made on the 
wire over a hardened and lapped cylinder having a radius equal to the radius 
of curvature of the helical surface of the thread at the point of contact, using 
the pressure to be used in determining the pitch diameter of the gage. How- 
ever, it is not practical to employ such a variety of cylinders as would be 
required, and it is recommended for standard practice that wires be measured 
between a flat contact and a o.7SO-inch hardened and accurately ground and 
lapped steel cylinder with the pressure used in measuring the pitch diameter 
of the gage. Furthermore, to avoid a permanent deformation of the material 
of the wires and gages it is necessary to limit the contact pressure. For 
pitches finer than 20 threads per inch a ^pressure of 14 to 16 ounces is recom- 
mended. For pitches of 20 threads per inch and coarser a pressure of 2i to 
2^ pounds is recommended. 

Measurements of ^a thread plug gage made in accordance with these 
instructions, with wires which conform to the above specifications, should 
be accurate to 0.0001 inch. If the diameters of the wires are known only to 
an accuracy of o.oopr inch, an accuracy better than 0.0003 inch in the meas- 
urement or pitch diameter cannot be expected. 
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INTEIUSfATIONAU 6o-I>EGKEE METRIC THREADS 

The international metric thread was recommended by a Congress 
held at Zurich in 1898, and is similar to the metric system of threads 
used in France. The thread form is the same as American threads. 
It is used in the United States for spark plug threads. 
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International 60° Metric Thread 


^ s= 60° E Z> — A == pitch diameter 

^ = 30° K — D — 2h ^ minor diameter 

* := pitch in millimeters G = 0.57735^ == diameter best wire 

H = o.S66o2p ^ = 3/ — r3C — \ 

A = 0.64952^ =5 measured P.D. 

F - 0.12SP 

D — basic major diameter 

Lowenherz 53 Degrees, 8 Minutes . 

The Lowenherz thread is used in Europe for watch and instrument 
threads. It is used in the United States on magnetos, but it is 
gradually being replaced by the 60-degree metric thread. 

All dimensions in millimeters 





Lowenherz 53°.,— 8' Thread. All Dimensions in Millimeters 


a == 26° — 34'^ ^ 
p — pitch in millimeters 
H = p 

h = 0.7ZP F = t 


D — basic major diameter 
E = D — h == basic pitch diameter 
E ssz D — 2A = basic minor diameter 
G = 0.55902^ == diameter best wire 
E = M - (3.23 S94G - = measured 

P.D, 



SCREW THREADS 


CO W « Tj- O 

0> ro 0\ 0\ 
voo to N oo 
M to aoo '«t 

PO fO ro Tj* 


o '^00 w 

'O 00 to N 
t^.o aoo N 

Ct CO TO fO M 
to lo^o t'' t> 



9485 





948 s I 22.052 I 20.10 1 8.5 I 0.07671 I 0.94488 I 0.86817 ! 0.79146 


INTERNATIONAL THREADS 
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Thread Formtilas 

The following formulas for various threads will be found useful; 


Designation 


National 

National Pipe.. . 
Sharp V. ...... . 


International 

Metric 


Whitworth . 


British Associ- 
ation 

Lowenherz . . . ; . 


Acme Screws . . . 

Acme Taps 

29-degree Worm 

40-degree Worm 


Included 

Thread 

Angie 

Depth 

Deg. Min. 


60 

0.649519 

n 

60 



n 

60 

0.86602 

n 

60 

0.649519 

n 

SS 

0.64033 

n 

47 h 

6i> 

53 8 

‘ 75 P 

29 

-h-f-.oio inch 

2n 

29 

-i--|-.020 inch 

2 n 


0.6866 

29 

n 


0.6866 

40 

n 


Formula for Finding Pitch 
Diameter with 3- Wire Method 




\ w 


E - 1.00049M — — 


E^M 
E = M 
E 




86602^ 


o. 96049 \ 


J 


= M-(^3.i6s68G- 


Ez^M — (3.4829G — 1 . 1 3634i>} 
E = M“-(3.23594G-/>) 

E = M- (^4.9S3sG - — 

B = U- (4-9939G- H 2 |^ - 3^ 


with top of thread. 

„ . 0.51234 ^ 

Use wire ■ to 

n 

with top of thread. 


Notes: i. On 29- and 40-degree worm threads the addendum above the 
pitch diameter is The thread depth of — provides a clearance of 

at the bottom of the thread. 
n 

2. In the above formula G can be any size wire that will fit in the thread. 

3. Helix angle corrections are not included in the foregoing formulas. 


Example.— -(Using Best Wires) : Given a | inch — 10 thread, to 
be measured with 0.05774 inch diameter best size wires. The wire 
constant = 3 X 0.05774 inch — 0.08660 inch = 0.08662 inch, 
(See Table 38 on page 64.) The measurement over the 3 wires 
is found to be 0.7071 inch. Then E = ilf — TF = 0.7701 inch 
— 0.08662 = 0.68348 inch. 

From Table 2, page 9, the basic P.D, of a | inch — 10 
screw . ~ 0.6850 

Subtract the actual P.D, ~ o. 68348 

The thread is undersize 0,00152 inch 

So-degree worm E — M — 3.0662G — GS® X .97175 


The I inch — 10 thread is raeasured with 6-pitch best wires which 
are 0,09623 inch in diameter, and the measurement over the three 
wires Is found to be 0,8865 inch. 



Using equation (4) J) — M — (3 X diameter of wires —. depth of 
sharp V thread) there results. 

E = 0.8865 inch — (3 X 0.09623 inch — 0.08660 inch) 

E = 0.8865 inch — (0.28869 inch — 0.08660 inch) 

E = 0.8865 inch — 0.20209 inch = 0.68441 inch 
(See Table 47, page 83 for depth of sharp V thread.) 

The basic F.D. of a f inch — 10 thread = 0.6850 inch 
Subtract actual P.D. 0.68441 inch 

The thread is undersize 0.00059 inch 

It should be noted that the thread is undersize 0.00152 inch using 
best size wires, and undersize 0.00059 inch using the larger 6-pitch 
wires. This lack of agreement might be caused by the included 
angle of thread being less than 60 degrees. If the angle were perfect, 
both measurements should check. 

Measuring the Included Angle of Thread with Two Sizes of Wires 

To measure the angle of thread, two measurements are made 
with different size wires, usually as near as possible to the maxi- 
mum size and minimum size wires that will fit into the thread. 
Table 38, page 64, gives the maximum and minimum wire sizes that 
can be used for any pitch of thread. ^ For instance, on a screw of 
sixty-four threads per inch, the best size wires for 64 pitch are the 
minimum wires, and the best size wires for 40 pitch are the maxi- 
mum size wires. 

The general formula for determining the included angle of thread 
is. 

/ \ X -^1 — -^2 

(x) cosecant a ^-r=r . — i 

Cji — tr2 

or' ; 

(2) ^ = cosecant a ^ 1 

Cti — C/2 

Where: ikTi == measurement over the three large size wires of 
diameter Gi 

if2 == measurement over the three small size wires of 
diameter Gz 

Table $sa page 5 8 A, gives values of (cosecant a, 4 - i) for 
angles 2° greater and 2° less than the common angles used in screw 
threads. 

For a thread exactly 60 degrees, the half angle (a) being 30 
degrees, cosecant a = cosecant 30 degrees == 2.0000, and equation 

(2) becomes 

(3) ^ = 2.0000 4- I — 3.0000 (Result) 

Cri — 0x2 
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Table 35a. — ^V alues oe (cosecant a + i) 
For Measuring Included Angle of Threads 


60 

’ Threads 

SS 

° Threads 

S 3 ° 

8' Threads 

47I 

® Threads 

0 

58 

f 

3.0627 

0 

S 3 

t 

3.2411 

0 

SI 

/ 

8 

3.3172 

0 

45 

30 

3.5859 

58 

10 

3.0573 

S 3 

10 

3.2346 

SI 

18 

3. 3101 

45 

40 

3.5770 

58 

20 

3.0519 

S 3 

20 

3.2282 

SI 

28 

3.3032 

45 

SO 

3.5681 

58 

30 

3 . 0466 

S 3 

30 

3.2217 

SI 

38 

3.2962 

46 


3-5593 

58 

40 

3.0413 

S 3 

40 

3 . 2153 

51 

48 

3.2894 

46 

10 

3.SS06 

58 

SO 

3.036a 

53 

SO 

3.2090 

SI 

58 

3.2825 

46 

20 

3 . 5419 

59 


3.0308 

54 


3.2027 

S 2 

8 

3.2757 

46 

30 

3-5333 

59 

10 

3.0256 

54 

10 

3.1964 

52 

18 

3 . 2690 

46 

40 

3.5247 

59 

20 

3.0204 

54 

20 

3.1902 

52 

28 

3.2623 

46 

SO 

3.5163 

59 

30 

3.0152 

54 

30 

3.1840 

52 

38 

3.2556 

47 


3.5078 

59 

40 

3.0101 

54 

40 

3.1778 

S 2 

48 

3 . 2490 

47 

10 

3.4998 

59 

50 

3.0050 

54 

SO 

3.X717 

52 

S8 

3.242s 

47 

20 

3.4912 

60 


3 . 0000 

55 


3.1657 

53 

8 

3.2359 

47 

30 

3.4829 

60 

10 

2 . 9950 

SS 

10 

3.1596 

S 3 

18 

3.2294 

47 

40 

3 .4748 

60 

20 

2 , 9900 

SS 

20 

3.1536 

S 3 

28 

3.2230 

47 

SO 

3 . 4666 

60 

30 

2.9850 

SS 

30 

3.1477 

S 3 

38 

3.2166 

48 


3.4586 

60 

40 

2.9801 

SS 

.40 

3.1418 

S 3 

48 

3.2103 

48 

10 

3.4506 

60 

SO 

2.9752 

SS 

50 

3.1359 

S 3 

S8 

3.2039 

48 

20 

3.4426 

61 


2.9703 

so 


3.X300 

54 

8 

3.1977 

48 

30 

3.4347 

61 

10 

2.9654 

so 

10 

3.1242 

54 

18 

3. 1914 

48 

40 

3 . 4269 

61 

20 

2 . 9606 

s6 

20 

3.118s 

54 

28 

3.1852 

48 

SO 

3. 4191 

61 

30 

2.9558 

so 

30 

3.1127 

54 

38 

3. 1791 

49 


3. 4114 

61 

40 

2.9510 

so 

40 

3.1070 

54 

48 

3.1730 

49 

10 

3.4037 

61 

SO 

2.9463 

SO 

50 

3.1014I 

54 

58 

3. 1669 

49 

20 

3.3961 

62 


2.9416 

57 


3.0957 

SS 


3.1608 

49 

30 

3 . 3886 

43 


3.728s 

38 


4.071S 

27 


S . 2836 




43 

10 

3.718s 

38 

10 

4.0586 

27 

10 

5.2579 




43 

20 

3.708s 

38 

20 

4.0458 

27 

20 

5. 2324 




43 

30 

3.6986 

38 

30 

4.0331 

27 

30 

5.2072 




43 

40 

3.6888 

38 

40 

4.0206 

,27 

40 

5.1824 




43 

SO 

3.6791 

38 

SO 

3. 0081 

25 

50 

5.1578 




44 


3.669s 

39 


3.9957 

28 


5.1336 




44 

10 

3.659s 

39 

.10 

3.9835 

28 

10 

5. 1096 




44 

20 

3.6504 

39 

20 

3.9713 

28 

20 

5.0859 




44 

30 

3.6410 

39 

30 

3.9593 

28 

30 

5.0625 




44 

40 

3.6316 

39 

40 

3.9474 

28 

40 

5.0394 




44 

SO 

3.6223 

39 

SO 

3 . 9355 

28 

SO 

5.016s 




45 


3.6131 

40 


3.9238 

29 


4.9939 




45 

10 

3.6040 

40 

10 

3.9122 

29 

10 

4.9716 




45 

20 

3.5949 

40 

20 

3.9006 

29 

20 

4.94951 




45 - 

30 

3.5859 

40 

30 

3.8892 

29 

30 

4.9277 




45 

40 

3 .S 770 i 

40 

40 

3.8778 

29 

40 

4.9061 




45 

SO 

3.5681 

40 

50 

3.8666 

29 

SO 

4 . 8S48 




46 


3.5593 

41 


3.8554 

30 


4.8637 




46 

10 

3.5506 

41 

10 

3.8444 

30 

10 

4.8428 




46 

20 

3.5419 

41 

20 

3 . 8334 

30 

20 

4.8222 




46 

30 

3.5333 

41 

30 

3.822s 

30 

30 

4.8018 




46 

40 

3.5247 

41 

40 

3.8117 

30 

40 

4.7816 




46 

SO 

3.5163 

41 

SO 

3.8010 

30 

SO 

4.7617 




47 


3.5078 

42 


3.7904 

31 


4.7420 



r : 
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To Correct Pitch Diameter to Micrometer Reading 

Table 36 will save many calculations. The decimal shown by 
the asterisk gives the amount to add to the pitch diameter to find 
the micrometer reading over the wires if the pitch diameter is 
correct. For a i-inch, 8-pitch American thread, the pitch diam- 
eter is 0.91881 inch. With the best wire the table shows 0.108253 
as the amount to add. The sum is 1.02711 as before. The other 
fibres show the amounts to be added to the pitch diameter when 
wires of the other sizes designated are used. 

For threads of other angles the following formulas are used: 

Whitworth 55 degrees: ilf = P. D. — 0.960491 P + (3.1647 G). 

British Association 47 J inches: 

if = P. D.~i. 13633 P + (3.4S29 G), 

Loewenherz 53 degrees 8 minutes: if = P. D . — P + (3. 23394 < 3 ). 

Acme 29 deg. : if = P. D. — 1.93334 ^ + (4-993^ G). 

Formulas ror Thread Angles or 14!, 20, 22I, and 23 Degrees 

The formulas for pitch diameter are as follows: 

144 degree: JS « M +• - 8.9270 G. 

M 

20 degree: S = M + ~~ - 6.7588 G. 

224 degree: E = if + - 6.1258 G. 

n 

25 degree: E « if 4 - - S.6202 < 9 . 

71 ' 

Values of necessary angles are: 


Thread 

Angle 

Half- 

Angle 

sec a 

i , ' 

cotan 4 

cosec a 

144 

74 

1.0080 

7.86064 

7.9270 

20 

10 

1. 0154 

5. 67128 1 

5.7588 

224 

ii4 

1.0196 

S. 02734 

5.1258 

25 

124 1 

1.0243 

4. 5 107 1 

4.6202 


These formulas do not take into account the effect of helix angle 
which, in the case of multiple threads, is large. However, on worm 
threads, the matter of helix angle has been neglected so long that 
we have a standard that is not exactly correct but, nevertheless, is 
in universal use. 

It is strongly advised that wires ne^ the best size and of known 
accuracy be used, since any error in the size of the wire is multiplied 
by 3 J to 8 times in the formulas given. 




Table 36. — Converting American Pitch Diameters into Micrometer Reading by Three- wire Thread 

Measurement 

Formula: 3 G — {P X 0.866025) ~ amount to add to pitch diameter (see page 60). 

Threads per Inch 
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Table 37.— Dimensions oe Metric Threads 

tpsPifch 

\a =£)epfh~px0.64$S 


Diameter of 

Screw mm. 

Pitch 

mm. 

Diameter at Root 
of Thread mm. 

Width of 

Flat mm. 

3 

0-5 

2.35 

.06 

4 

0-75 

3-03 

.09 

. 5 

0.75 

4-03 

.09 

6 

1.0 

4.70 

.13 

7 

I.O 

S- 7 ° 

*13 

8 

1.0 

6.70 


8 

1 . 25 

6.38 

.16 

9 

I.O 

7.70 

.13 

9 

1. 25 

7-38 

.16 

10 

1*5 

8.05 

-19 

II 

1-5 

9-05 

.19 

. ' 12, 

1*5 

10.05 


12 

1-75 

9-73 

.22 

14 

2.0 

11.40 

•25 

16 

2.0 

1340 

•25 

18 

2.5 

14*75 

•31 

20 

2.5 

16.7s 

•31 

22 

2.5 

18.7s 

•31 

22 

3-0 

18.10 

-38 

24 

3.0 

20.10 

.38 

26 

3-0 

22.10 

.38 

27 

3-0 

23.10 

.38 

28 

3-0 

24.10 

-38 

30 

3*5 

25 45 

44 


3*5 

274s 

44 

33 

3*5 

28.4s 

44 

34 

3*5 

2945 

44 

36 

4.0 

30.80 

•5 

3S 

4.0 

32.80 

>5 

39 

4.0 

33-8 o 

•5 

40 

4.0 

34.80 ■ 

•5 

42 

4.5 

36.15 

•56 

44 

4.5 

38.15 

.56 

45 

4.5 

39.15 

•56 

46 

4.5 

40.15 

.56 

48 

5.0 

41.51 

.63 

SO 

5-0 

43.51 

-63 


5*0 

45.51 

•63 

56 

S -5 

48.86 

.69 

60 

5*5 

52.86 

.69 

64 

6.0 

56.21 

•75 

68 

6.0 

60.21 

•75 

72 

< 5*5 

63.56 

.81 

76 

6,5 

67.56 

.8x 

80 

7-0 

70.91 

.88 
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TfVBLE 38.- 


-Three-Wire Measurement of American Thread 

(Dimensions in inches) 


No. 

Threads 
per Inch 

^ O.S773S 

Diam. 

Best Wire 

Best Wire 
. Constant 
„ 0.86602 

, 0.64951 

Depth 

American 

Thread 

AT — No. Threads 
per Inch 

w 

Depth V 
Thread 

Min. 

Wire 

Max. 

Wire 

80 

0.00722 

0.01083 

0.00812 

0.00722 

O.OIISS 

72 

0.00802 

0.01203 

0.00902 

0.00802 

0.01312 

64 

0 . 00902 

O.OI3S3 

0.01014 

0. 00902 

0.01443 

S6 

0.01031 

0.01546 

0.01160 

0.01031 

0.01604 

SO 

o.oiiss 

0.01732 

0.01299 

O.OIISS 

0.01804 

48 

0,01203 

0.01804 

0.0I3S3 

O.OIISS 

0.02062 

44 

0.01312 

0.01968 

0.01476 

O.OIISS 

0.02221 

40 

0.01443 

0.0216s 

0.01624 

0.01312 

0 . 02406 

36 

0.01604 

0.02406 

0.01804 

0.01443 

0.02624 

32 

0.01804 

0.02706 

0.02030 

0.01604 

0.02887 

30 

0.01924 

0.02887 

0.02161 

0,01804 

0.03039 

28 

0 . 02062 

0.03093 

0.02319 

0.01924 

0 .03207 

26 

0.02221 

0.03331 

0.02498 

0 . 02062 

0 . 03608 

, 24 

0.02406 

0.03608 

0.02706 

0.02221 

0.03608 

22 

0.02624 

0 . 03936 

0.02952 

0 . 02406 

0.04124 

20 

0.02887 

0.04330 ^ 

0.03248 

0.02624 ! 

0 . 04441 

19 

0.03039 

0,04558 

0.03418 

0.02887 

0.04811 

18 

0.03207 

0.04811 

0.03008 

0.02887 ' 

0,05020 

16 

b . 03608 

0.05413 

0 . 04060 ' 

0.03207 

0.05774 

14 

0.04124 

0.06186 

0.04640 

0.04124 

0.06415 

13 

0 . 04441 

0.06662 

0 . 04996 

0.04124 

0.0641s 

12 

0.04811 

0.07217 

0.05413 

0.04441 

0.07217 

Hi 

0.05020 

0.07S3I 

0.05648 

0.04811 

0.07217 

11 

0.05249 

0.07873 

0.05904 

0.05020 

0.08248 

10 

0.05774 

0.08660 

0.06495 

0.05249 

0.09622 

9 

0.06415 

0.09622 

0.07218 

0.05774 

0.09622 

8 

0.07217 

0.10825 

0.08119 

0.0641s 

0. 10497 

7 

0.08248 

0.12372 

0.09279 

0.07217 

0.12830 

6 

0.09622 

0.14434 

0.1082s 

0.09622 

0 . 14434 

Si 

0.10497 

0. 15746 

0.1180S 

0.09622 

0.14434 

S 

0.11347 

0.17320 

0.12990 

0.10497 

0.14434 

4t 

0.12830 

0 . 1924 s 

0.14434 

0.11547 

0.14434 


0.14434 

0.21651 

0.16238 

0. 12830 



Note. — Sometimes taps have an outside diameter over basic, and the 
minimum wires given may not project above the tops of the thread. 

With 60-degree threads H = both the depth of a V thread and also the 
best wire constant. 

Formula for American 6o-degree Threads 

Basic pitch diam. *=• Basic outside diam. — Depth American threads. 
Measured pitch diam. » M + Depth V. Threads — 3G. 

If best wire is used. 

Measured pitch diam. » if best wire constant. 


j,r^temporary membersn.p 
coufs^ being conducted by the USI, wm 
tx)Ufses uBt 10 become members of 






THREAD ANGLES 6s 

M 

Diameter, IN Millimeters Pitch, in Millimeters 

3 o.so* 

3S 0-6° 

4 0-70 

4- S 0-7S 

5.0 0.80 

5- 5 0.90 

*'6 i.o 

7 I - o 

8 1.25 

9 1-25 

10 1.5 

* Prance and Japan: 0.60. 

The pitches of metric threads are generally given in millimeters, 
so that the number of threads per inch must be computed from these 
data and, of course, come out unevenly. 

The pitches of metric coarse threads from 6 to 80 millimeters, 
inclusive, are the same in all countries that have adopted metric 
standard threads. For diameters below 6 millimeters, there are a 
few differences, as shown in the above table for the diameter of 
3 millimeters. 

Formula pop 55-Degree Threads 

Basic pitch diam « Basic outside diam. — Depth of thread. 

0.96049 
N 

If best size wire is used, then the 

Measured pitch diam. = M — best wire constant. 


Measured pitch diam. -b - 


3,16568 G. 


Checeing Angle ot Thread 

Using two sizes of wires, Gi (large) and Gz (small). If the angle is SS 
degrees then 

C?i ~ Ga 

For other angles the results shown below will be obtained: 


Result 

Angle 

Degrees 

Minutes 

3,1840 

54 

30 

3.1778 

54 

40 

3.1717 

54 

■ SO 

3.1657 

, ■ 55 '■ 


3.1596 

55 ■ 

10 

3.1536 

55 

20 

''■"..3. 1477 

, , ■ ;:S 5 

30 
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Result 


Minutes 


Table 39.— Wire Sizes and Constants tor 55-Degree Threads 
This includes British Standard Whitworth and British Standard 
Fine Threads 


0.01409 

0.02401 

0.01601 

0.01409 0.02013 

0.02060 

0.01566 

0.02668 

0.01779 

0.01409 0.02168 

0.02289 

0.01762 

0.03002 

0.02001 

0.01762 0.02563 

0.02577 

0.02013 

0.03430 

0.02287 

0.02013 0.02818 

0.02943 

0.02168 

0.03694 

0.02463 

0.02013 0.03132 

0.03169 

0.02349 

0.04002 

0.02668 

0.02349 0.03525 

0.03433 

0.02563 

0.04366 

0.02911 

0.02349 0.03525 

0.03745 

0.02818 

0.04802 

0.03202 

0.02563 0.04026 

0.04120 

0.03132 

0.05336 

0.03557 

0.02818 0.04697 

0.04577 

0,03525 

0.06003 

0.04002 

0.03525 0,05124 

O.OSISS 

0.04026 

0,06861 

0.04574 

0.04026 0.05637 

0.05886 

0.04697 

0.08004 

0.05336 

0.04697 0.07046 

0.06866 

O.OSI24 

0.08732 

0.05821 

0.04697 0.07046 

0.07491 

0.05637 

0.0960s 

0 .06403 

0.05124 0.08053 

0.08240 

0 .06263 

0. 10672 

0.0711S 

0.05637 0.09396 

O.091SS 

0.07046 

0.12006 

0.08004 

0 . 07046 0 . 09396 

0.10300 

0.08053 

0. 13721 

0.09148 

0.08053 0.11274 

O.I1771 

0.09396 

0. 16008 

0.10672 i 

0.09396 0.14092 

0.13733 

0.11274 

0. 19210 

0.12807 

0 .09396 0 . 14092 

0. 16480 

0.12526 

0.21344 

0.14230 

0. 11274 0.16105 

0,18311 

0.14092 

0.24012 

0.16008 

0.14092 0.1610S 

0 . 20600 

o.ioios 

0.27443 

0. 1829s 

O.IOIOS 

0.23542 


h = 

0.6403 _ 

N 

Depth of 
Whitworth 
Thread 


Diam. 

Min. 

Wire 


Best Wire 
Dmm. Constant 
Max. 0.82398 
Wire « — — 


Checking Angle of Thread 

Using two sizes of wires, Gi (large) and Gt (small). 

If angle is 60 degrees then 

Ml - Ms 

- 3.0000. 

For other angles the following results will be obtained: 


No. 

Threads 
per Inch 


Diara. 
Best 
Wire s= 
G =• 

0.563692 

N 


Depth of 
V %read 
^ 55 
Degrees *= 
H - 
0.96049 
N 


3.0152 

3.0101 

3.0050 

3.0000 

2.9950 

2 . 9900 
2.9850 


59 

30 

59 

40 

59 

SO 

60 


60 

10 

60 

20 

60 

30 




METRIC THREADS 67 

Table 40 .— Wire Sizes and Constants eor 6o-Degree Metric 
^ Threads ; 

Pitch 

in 

MilH- 

meters, 

P 

Approx. 

Threads 

per 

Inch, 

n 

Diam. Best 
Wire, 

^ , 0.5773s 

n 

in Inches 

Depth of 
Sharp V 
Thread also 
Best Wire 
Constant, 
jjr 0.86602 
n 

in Inches 

Depth of 
60-degree 
Metric 
Thread, in 
Inches 
h = ®-* 49 SI 
n 

For 
Min. 
Wire 
Use 
Best 
Wire of 
Pitch 
Given 
Below 

For , ' 

Max. 

Wire 

Use 

Best 

Wire of 

Pitch 

Given 

Below 

0.24 

10S.8 

0 . 00546 

0.00818 

0.00614 

0.24 

0.42 

0.27 

94-1 

0.00614 

0.00921 

0.00690 

0.24 

0.4s 

0,30 

84.7 

0.00682 

0.01023 

0.00767 

0.27 

0.4s 

0.33 

77.0 

0.00750 

0.0II2S 

0.00831 

0.30 

0 . 4 S 

0.36 

70.6 

0.00818 

0.01227 

0.00920 

0.33 

0.60 

0.39 

6s.2 

0.00886 

0.01330 

0.00981 

0.33 

0.60 

0 . 42 

60. s 

0.0095s 

0.01432 

0.01073 

0.36 

0.60 

0.4s 

56.4 

1 0.01023 

0.0IS34 

0.01150 

0,42 

0.75 

0.50 

SO. 8 

i 0.01136 

0.0170S 

0.01279 

0.4s 

0.80 

0.60 

42.3 

0.01364 

0.02046 

0.01534 

0.60 

1. 00 

0.7s 

33.9 

0.0170S 

0.02557 

0.01918 

0.75 

1.25 

0.80 

31.8 

0.01818 

0.02728 

0.02046 

0.75 

1 . 25 

0.90 

28.2 

0 . 02046 

0.03069 

0.02302 

0.90 

1.50 

1. 00 

25.4 

0.02273 

0.03410 

0.02556 

1. 00 

I. 7 S 

I.2S 

20.3 

; 0.02841 

0.04262 

0.03196 

1.25 

2.00 

I. SO 

16.9 

0.03410 

0.05114 

0.03836 

1.50 

2.50 

1 . 7 s 

14. S 

0.03978 

0.05967 

0.0447s 

1.75 

3.00 

2.00 

12.7 

0 . 04546 

0.06819 

0.OS112 

1.75 

3. SO 

2 . SO 

10.2 

0.05683 

0.08524 

0.06393 

2.50 

4.00 

3.00 

8.S 

0.06819 

0.10229 

0.07672 

3.00 

5.00 

3.50 

7.3 

' 0.07956 

0.11933 

0.08950 

3.50 

S.SO 

4-00 

6.4 

0.09092 

0.13638 

0.10221 

3.50 

.7.00 

4-50 

S.6 

0.10229 

0. I 5343 

0 . IIS07 

4. so 

7.50 

S.oo 

S.i 

0.1136s 

0.17048 

0.12786 

4. so 

7. SO 

S . SO 

4.6 

0.12502 

0.18752 

0.14064 

5.00 

8.00 

6.00 

4.2 

0.13638 

0.20457 

O.IS343 

5 . so 

8 . 00 

6.50 

3.9 

0.14775 

0.22162 

0.16621 

6.00 

8.00 

7.00 

3.6 

o.isptx 

0.23867 

0.17900 

6.50 

8.00 

7.50 

3.4 

0- 17048 

0.25572 

O.19179 

7.00 

8.00 

8.00 

3.2 

0.18184 

0.27276 

0.20457 

7.00 


Note.- 

—The thread depth given above corresponds to a 1 flat both at the 

top and bottom of the thread. 

Usually the flat at the bottom is made iV 

the pitch to provide a greater clearance. 




Formula same as American thread, including angle measurement* 


Basic pitch diameter = Basic outside diameter — Depth of thread. 


Measured pitch diameter => M — 

(3G 


If best 

wire is used, then the 






Measured pitch diameter = if — best wire constant*' 
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Checking Angle of Thread 

Using two sizes of wires Gi (large) and Ga (small), tlien if the angle is 
47f degrees, 

Ml — Mz Q 


For other angles the following results will be obtained: 



t Angle 

1 


Degrees 

Minutes 

3.5078 

1 47 

i 

3.499s 

1 47 

1 

3.4912 

1 47 

20 

3.4829 

1 ■ 47 ' 

30 

3-4748 

47 

40 

3.4666 

47 

50 

3.4586 

48 



Wire measurement tables by H. L, Van Keuren. 


Optical Methods of Measuring Threads 

There are several makes of apparatus for optical measureraent, 
both in this country and abroad. One method makes direct 
observations of the magnified screw thread, 
while the other projects an image of the 
thread against a greatly magnified chart and 
compares the outlines in Qiis way. With 
the apparatus set by a screw of correct pitch 
diameter, the projected shadow shows not 
only the thread form, but also whether the 
diameter is within the tolerance laid out on 

the chart. Some of these devices are very jfio. 10. unecK.mg 

compact and allow of easy manipulation, so Outline on Standard 
that screw threads can be inspected very Chart 
rapidly. A chart from a Hartness com- 
parator. Fig. 10, shows how the magnified shadow is compared with 
the greatly enlarged chart and very slight errors detected at a glance 
There are now several makes of instruments that compare outlines 
visually, as in this case. These instruments are also used for com- 
paring outlines of gear teeth, milling cutters, and other contours. 

Measuring Thread Diametee WITH Two and Three Wires 

D = outside diameter of thread. 

Di == root diameter measured . in thread groove, 
n = number of threads per inch of length. 
d — depth of thread, 

p =» distance from center to center of adjacent threads. 

/ = width of flat oh American Standard thread, 

a = diameter of wire used. 

B « distance, from apex of thread angle at root, to center of wire. 

Z?a “ diameter of cylinder touched by apexes of thread angles. 
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Table 42. — Meastteing American Standard Coarse Theeabs 
WITH Micrometers and Wires 


Da a B 


if" 

s 

li" 

5 

2 " 

4I 


4I 

2i" 

4 i 

2i" 

4 

2 i" 

4 

2 f" 

4 

3", 

34 


34 

3i" 

3 i 

31" 

3 

4 " 

3 

4i" 

21" 

44" 

2i" 

44" 

21" 

s" 

24" 


24" 

31" 

si" 

2i" 

6 " 

2i" 


.1742 ,04 .04 .000625 -2721 .2942 .2955 

,2283 .04 .04.000771 .3304 .3483 .3495 

,2803 .04 .04 .000976 .3876 .4003 .4016 

.3292 .04 .04.001274 .4433 -4492 .4507 

.3834 .06 .06.001479 .5317 .5634 .5647 

.4362 .06 .06.001735 .5893 .6162 .6177 

.4872 .06 .06 .002065 .6461 .6672 .6681 

.5497 .06 .06 .002065 .7086 .7297 .7312 

.5984 .06 .06.0025 .7643 .7784 .7801 

.6609 .06 .06.0023 .8267 .8409 .8425 

.7066 0,10 o.io .003086 .9408 1,0066 1.0083 
f .7691 O.IO O.IO .003086 1.0033 1.0691 1.0706 
I .8105 O.IO O.IO .003906 1.0553 1. 1105 1. 1124 
.9085 o. 10 o. 10 .005 1021.16671. 208 51.2107 
• 1.033s O.IO O.IO .005102 1.2917 1.3335 1.3355 

. I.I224 O.IO O.IO .006944 1.3987 1.4224 1.4250 
! 1.2474 O.IO O.IO .006944 1.5237 1.5474 1.5497 
' 1.3494 0.15 0.15 .008263 1,7122 1.79941.8019 
; 1.4469 0.15 0.15 .010 1.8234 1.8969 1.8997 

1 I.57I9 0.15 0.15 .010 1.9484 2.0219 2.0245 

) 1.6632 0.15 o.is .012343 2.0566 2.1132 2.1163 
; 1.7882 0.15 0.15 .012343 2.1816 2.2382 2. 2411 
: 1.9132 0.15 o.i5'.oi2343 2.3066 2.3632 2.3667 
> 1,9961 0.15 o.i5|.ois625 2.4105 2,4461 2.4495 
7 2.1211 0.15 0.15 .015625 2.5355 2.5711 2.5742 

j. 2.3711 0.15 0.15 .015625 2.785s 2.8211 2.8240 
) 2.5670 0.20 0.20 .020392 3.083s 3.1670 3.1704 
5 2.8170 0.20 0.20 .020392 3.3335 3.41703.4200 
E 3*03!57 0*20 0.20 .023654 3.5668 3.6337 3.6368 
c 3.2448 0.20 0.20 .02775 3.7974 3.8448 3.8486 

1 3.4948 0.20 0.20 .02775 4.0474 4.0948 4.0983 
5 3.7228 0.20'0.20 ,03024 4.2864 4.3228 4.3264 

3 3.9489 0.20 0.20 .03305 4.5244 4.5S<^o 4-5530 

2 4.1728 0.20 0.20 .03625 4.7614 4.7728 4.7767 

5 4.3938 0.20 0.20 .040 4.9970 4.9938 4.9980 

5 4.6438 0.20 0.20 ,040 5-2470 5 - 243 ^ 5-2477 

4 4.8619 0.20 0.20 .04431 5.4810 5.4619 5.4661 
2 S.1119 0.20 0.20 .04431 5.7310 5*71 19 5-7160 
I 5-3 264 0.20 0.20 .049373 5.9632 5.9264 5.9307 
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X =* diameter from top of threads on one side of tap or bolt, to top of 
wire laid in thread groove on opposite side. , 

»i — diameter over 3 wires. 
xz — diameter over 2 wires. 


i lead = “» for single threads, 
n 

0.649 s 


American Standard Coarse Thread 
P 

d = p X 0.649s 

Di = V(® ■ 

/ =1 
J a 


,,, , /lead\2 


a from p^ max.; to p X 0.505', 

5 = 5 sin 30® = a. 

2 

MISS 


Dz D - 


n 


= 5 + 0 ? + B + ! 
2 2 ; 


Dz 4 " 2J5 -f- a. 

"SliDi + 2B)2 + + a. 


TMckness of Plating in Threads 


Electroplating bolts and nuts, either for rust prevention or for 
appearance, adds something to the diameter and, consequently, 
affects the fits, both in the thread and in the body. Unless close 
fits are used, the thickness of the plating can usually be neglected, 
but for close fits it should be known and suitable allowance made. 
Where chromium is plated directly on steel, the thickness of the 
plate will probably not exceed 0.0001 inch. For a really high-class 
job, however, the steel should be first plated with copper, then with 
I nickel, and, finally, with chromium. In such cases the total thick- 

!| ness of the three platings would be about 0.00075 inch. ^ 

i In cadmium plating, which is used solely for rust prevention, the 
i usual coating is 0.0002 inch. Neither chromium nor cadmium 
^ should show a tendency to build up in the threads but should give a 
uniform coating. The thickness of the coat is dependent on the 
time in the plating bath and, to some extent it is claimed, on the 
closeness of the pieces to each other. 

Parkerizing is not supposed to increase the diameter of the piece 
treated but to secure the rustproofing qualities by its effect on the 
surface of the metal itself. 
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ference. This is shown by the diagram in Fig. i i , where the helix ‘ 
angle raises the wire and gives a false reading unless correction is 
made. 

The formula for calculating the helix correction, page 59, must 
always be considered when the correction is more than 0.00015 
second. The reason for helix-angle correction can best be visual- ^ 

ized if we consider taking a 29-degree threading tool and, on a lathe, i 

cutting an annular groove in a piece of steel. If we lay a wire in ! 



Fig. II. — Ejffect of Helix Angle on Wire Measurement 

this groove, the axis of the wire will be at right angles to the axis 
of the piece of steel and a line through the points of contact with the 
side walls is likewise parallel to the axis of the steel, as in Fig. 9. . 

Table 43. — Converting Three-Wire Measurement to 29- 
Degree Thread Pitch Diameter 


P. D. = measurement — Measurement = P. D. -f* 

constant constant 

Constant ~ (4.9939 W - 1-9333 '^) 


T.P.I. 

Wire, W 

Constant 

Wire, W 

Constant 

I 

0.516440* 

0.64565 




0.344293* 

0.43058 



2 

0.258220* 

0.32282 




0.206576* 

0.25826 



3 

o.i 776462 t 

0.24268 




o.i 443375 t 

0.16842 



4 , 

0.144337s 

0.23746 

0.128299S! 

0.15736 

4 ^ 

o.irS 470 ot 

0.14728 

0.1282998 

0.21134 

S 

o.n 54700 

0.18997 

0.1049727! 

0.13755 

Si 

0.0962250! 

0. 1 2901 

0.1049727 

0.17269 

6 

0.0962250 

0.15832 

0.0824786! 

0 08967 

7 

0.0721687! 

0.08422 

0.0824786 

0. 13570 

7 h 

0.0721687! 

0.10262 

0.0824786 

0.15411 

8 

0.072x687 

0.11872 

0.0641500! 

0 .07868 

9 

0.0577350! 

0.07350 

0.0641500 

0 .IOSS 4 

10 

0 . 05773 S 0 ■ 

0.09498 

0.0524863! 

0.06877 

12 

0.044411s! 

0.06067 

0.0524863 

0 .10099 


Use “best" wire where possible. 

* Indicates “best size" wire, 
t Indicates nearest to ** best size" wire 
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Width of top of thread = 
Width of space at bottom = 
Clearance at bottom of thread — 
Width of space at top of thread = 
Thickness at root of thread = 


no. of threads per inch 

o>3io 

no. of threads per inch 
thickness at pitch line 

lO 

0-665 

no. of threads per inch 

0.69 

no. of threads per inch 


Table 44. — Wire Sizes eoe Measuiucng Brown and Sharpe 
29-DEGREE Worm Threads 


Threads per Inch 

Pitch 

Diam. of Wire 

■ 1 

2 

2. 

1.0298 

i 

1.750 

0.9010 

1 

1.500 

0-7723 

i 

1.250 

0.6436 

. I 

I.O 

0.5149 

if 

.6666 

0.3432 

2 

•5 

0.2574 

2i 

•4 

0.2060 

3 , 

•3333 

0,1716 

si 

.2857 

O.1471 

4 

.250 

0.1287 

4 i 

.2222 

O.II44 

5 

.2 

0.1030 

6 

.1666 

0.0858 

• 7 

.1428 

0.0735 

8 

.125 

0.0643 

9 

.nil 

0.0572 

10 

. 10 

0-0515 

12 

•0833 

0.0429 

16 

.0625 

0.0322 

'■ 20, 

.050 

0.0257 


WORM WHEEL HOBS 

Hobs are made larger in diameter than the worm with which they 
are used, by the amount of two clearahces. The Brown and Sharpe 
method is to make the clearance one-tenth of the thickness of the 
tooth on the pitch line or 0.05 inch for a worm of one pitch. If the 
worm was 3 inches outside diameter, which would be a fair propor- 
tion for this pitch, the outside diameter of the hob would be 3 + 
(2 X .05) 3.1 inches. The thread tool would be 0.335 inch wide 
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y / \pitehiaiift 

/ ! \ r""' 

4 ,°/ 1 \ 

A = .69 X Pitch 

B =^.3 1 X Pitch 

S = .3i83XPitch 
T = .5XPitch 

C«M6of T 

W » .335 X Pitch 

E».66s 

F«. 3683 X Pitch 

WD = .6866 X Pitch 


Fig. 12,— Section of Hob Thread 


m 


D = Diam.of Worm+2C 
L = WD+H inch 
WD = .6866 X Pitch 

Fig. 13. — End View of 
Hob 


The body L should be made as near the proportions given as 
possible. 

The diagram, Fig. 12, shows the shape and proportions of the 
thread of a worm hob, and Fig. 13 shows the proportions for the 
depth of tooth, the lead, and the outside diameter. In these 
diagrams: 

A = width of space at top of tooth. 

B *= width of thread at top. 

C «= clearance or difference between the hob and worm. 

D « diameter of hob. 

E = width of tooth at bottom. 

F « height above pitch line. 

L = width of body or tooth at bottom. 

S =s depth below pitch line, 

T = width at pitch line. 

W = width of space at bottom. 

WD = whole depth of tooth. 

Brown and Sharpe allow clearance at the point of the tooth only 
for worm wheels, but at both point and bottom when bobbing 
spur gears. 

MEASURING BROWN AND SHARPE 29-DEGREE 
W'ORM THREADS 

The diameter of wire for Brown and Sharpe worm thread, Fig. 14, 
for each pitch that will rest in the thread groove on the thread angle 
and be flush with the tops of the finished threads is found as follows: 

Radius of wire section (see table) = side opposite = side adjacent 

X tan 37®4s' = ^ X 0.77428 = 0.257447 P, and diameter of 


0.5149 


and Wires for Thread Measiirement 

for holding both work and wires while 
system. It consists of a 


at the point and would cut 0.6366 4- 0.05 = 0.6866 deep, leaving 
the top of the thread 0.31 inch thick and the bottom 0.335 inch thick. 


MEASURING WORM THREADS 
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Table 45. “—Brown AND Sharpe 29-DEGREE Worm Thread Parts 



p 

D 

F 

W 

T 

A 


s 

B 

-•s 

III 

Ip 

fal 

Depth of 
Thread 


Width of 
Space at 
Bottom 

Thickness of 
Thread at 
HtchLine 

•s 

ill 

11^ 

i 

Thickness at 
Root of 
Thread 

I 

1.0 

.6866 

•3350 

.3100 

.5000 

•3183 

•05 


.69 

li 

.8 

.5492 

.2680 

.2480 

.4000 

•2546 

.04 

•532 

•552 


.6666 

•4577 

■2233 

.2066 

•3333 

.2122 

•0333 

.4433 

*4599 

2 

.5 

•3433 

•1675 

•1550 

.2500 

.1592 

.0250 

•3325 

•345 


•4 

.2746 

.1340 

,1240 

.2000 

.1273 

.0200 

.2660 

.276 

3 

•3333 

.2289 

.1117 

•^033 

.1666 

.1061 

.0166 

.2216 

.2299 


.2857 

.1962 

•0957 

.0886 

.1429 

.0909 

.0143 

.1901 

.2011 

4 

.250 

.1716 

.0838 

•077s 

.1250 

.0796 

•0125 

.1637 

.1725 

4 i 

,2222 : 

.1526 

.0744 

.0689 

.nil 

.0707 ^ 

.0111 

.1478 

•1533 

5 i 

,2 

•1373 

,0670 

.0620 

.1000 

.0637 ’ 

.0100 

•1330 


6 

.1666 

.1144 

•055s 

•0517 

•0833 

•053^ 

.0083 

.1108 

•IIS 

7 ' 

.1428 

.0981 

.0479 

•^ 443 , 

.0714 

•045s ' 

.0071 

•09s 

.0985 

8 

.125 

.085:8 

.0419 

.0388 

.0625 

.03981 

.0062 

.0818 

.0862 

9 

.nil 

.0763 

WO372 

.0344 

•055s 

.0354 

•0055 

•°739 

.0766 

10 

.10 

.0687 

*0335 ’ 

.0310 

.0500 

.0318 

,005 

.0665 

.069 

12 

•<^S 33 

.0572 

.0279 

.0258 

.0416 

.0265 

.0042 

•oSSr 

•0575 

16 

.0625 

.0429 

WO209 

.0194 

.0312 

.0199 

.0031 

.0409 

^431 

30 

.050 

•0343 

.0167 

•0155 

.0250 

.0159 

,0025 

J0$S2 

.0345 


V block, an adjustable clamp, and two adjustable brackets. One 
end of the work is clamped in the V block, and the measuring wires 




and Sharpe Worm Threads 


Fig. 15.— Holding Wires for 
Measurement 


are suspended from the upper bracket, which has saw cuts lor the 
suspension wires or strings to slip into. The hands are left free for 
manipulating the micrometer. The handles, or grip ends, of the 
measuring wires are drilled for the suspension wires or strings. 
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^ Worm threads formed by milling or grinding have convex instead 
of straight sides. The best wire should touch the threads at the 
pitch diameter. 

MEAStmmG miERHAL THREA^^ 

To avoid the expense of threaded plug gages for larger size 
internal threads, this method (Fig. i6) was devised by William S. 
Rowell. Its greatest advantage over plug gages is that it can be 
used before work is to aize, A plug cannot enter until work is to 
size or too large. A suitable size of internal micrometer is provided 
with ball contact points suitable for thread to be gaged. . The 
slotted sleeve S — i inch long — is to facilitate entering and removal 
from work. 


Fig. i6,-~Measuring Internal Threads 


In use, M is computed for the thread to be measured and the 
gage set to If, in order to read plus or minus. The thimble is 
turned to slightly minus. Sleeve S is removed and the rod tele- 
scoped in to enter the gage into the work. With 5 replaced, the 
thimble* is turned out until balls contact thread grooves, as shown. 
Remove S and telescope the rod in. Remove the gage from the 
work, replace 5, and note reading or measure with an outside 
mcrometer. M may be computed by square root or trigonometry. 
Both methods are here given for a 4-f> screw, s inches D, U.S. form. 




CUTTING SCREW THREADS 


77 


Given $■ inches. ; 

• 0.25 inch..' ' 

„ g Q inch. ' 

M is the measurement over the balls required. 
p 

Then: / | 0.03125 inch. 

Since a 60-degree thread is specified: 

tan 60° = 1.7320 = 4- j 

aad A 0.03706. 

But Dg = D 4 " 2^ — 2d because the distance between the root 
of the thread and the center of the ball is the hypotenuse of a 
30-60-90-degree triangle, of which the radius of the ball is the 
smallest side, that is, the hypotenuse ae equals twice the radius or d. 

Then D% = 5 -}- 2 X 0.02706 — 2 X 0.15 

= 5 4- 0.05412 “ 0.30 = 4.75412. 

Square-root method: 

if = If 2 4- ^ 4- d. 

But ac = ^ = 0.125. 

if = V (4-7541 2)2 + (0.125)2 4- 0.15 
~ 4.7557 4“ 0.15 = 4.9057 inches. 

Trigonometric method: 

if = if 2 4“ f = sec ahc X 4 “ d. 

. , ac 0.125 

tan aoc = r- = ^ = 0.02629, 

be 4.75412 ^ 

Then abc — i°3o'22" 

sec abc = 1.00035. 

if == 1.00035 X 4.75412 4 ” 0.15 

= 4-7557 4 - 0.15 = 4.9057 inches. 

CUTTING SCREW THREADS 

Nearly all lathes are geared so that if gears having the same 
number of teeth are placed on both stud and lead screw, a thread 
the same pitch as the lead screw, will be cut. This is called being 
geared “even.^’ If the lathe will not do this, then find what thread 
will be cut with even gears on both stud and lead screw and consider 
that as the pitch of lead screw. In speaking of the pitch of lead 
screw, it will naean the thread that will be cut with even gears. 

In cutting the same thread with even gears, both the work and the 
lead screw are turning at the same rate. To cut a faster thread, the 
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lead screw must turn faster than the work, so the larger gear goes 
on the stud and the smaller on the lead screw. To cut a slower 
thread (finer pitch or less lead), the larger gear goes on the screw and 
the smaller on the stud. 

Calling the lead, screw 6 to the inch, what gears shaU we use to 
cut an 8 thread? 

Multiply both the lead screw and the thread to be cut by some 
number (the same number for both) that will give two gears you 
have in the set. If the gears vary by 4 teeth, try 4, and 5^ou get 
24 and 32 as the gears. If by 5, you get 30 and 40 as the gears. 
Then as 8 is slower than 6, the large gear goes on the lead screw and 
the small one on the stud. 

To cut an 18 thread with a 5-pitch lead screw and gears varying 
by 5 teeth: 5 X 5 = 25 and 5 X 18 = 90. There may not be a 90 
gear, but you can use a 2 to i compound gear and use a 45 gear 
instead. That is, put the 25 gear on the stud, use any 2 to i com- 
bination between this and the 45 gear on the screw. 

The 25 gear must drive the large gear of the 2 to i combination 
and the small gear drive the 45-tooth gear, either directly or through 
an intermediate. 

In cutting fractional threads the same rule holds good. To cut 
iij threads with a 6-pitch lead screw and gears that change by 4 
teeth, use 4 X 6 == 24 and 4 X iil = 46, with the 24 gear on the 
stud and the 46 on the screw. With gears changing by 5 this is 
not so easy, as $ X ii| == 57^, an impossible gear. .Multiplying 
by 10 would give 60 and 115, not much better. Multiply by 6, 


Having 

To Find 

■ ' Rule , 

A “ True lead of screw 
and 

B = Thread to be cut 

C = Gear for stud 

1 ■ , and 

1 jD Gear for screw 

Multiply both A 
and J 5 by any one 
number that will 
give gears in the 
set. Put gear .4 
on stud and gear 
B on lead screw. 

A = True lead of screw 
B = Thread to be cut 

C = Gear for stud 

D = Gear for screw 

Multiply B by C 
and divide by 

A = True lead of screw 

B =* Thread to be cut 
— Gear for screw 

C « Gear for stud > 

Multiply .4 by D 
and divide by .B. 

A “ True lead of screw 

C = Gear for stud 

D =! Gear for screw 

B = Thread that 
will be cut 

Multiply A by D 
and divide by C 
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and get 6 X 6 — 36 and 6 X ixf = %) neither of which is in the 
set. Gears of 35 and 70 teeth will cut 12 threads per inch. 

To find what thread any two gears will cut, multiply the pitch of 
lead screw and the gear which goes on it and divide this by the gear 
on the stud. Suppose we try 40 on the stud and 75 on the lead 
screw. Multiply 75 by 6 = 450 and divide by 40 which gives 11} 
as the thread that will be cut. Try 45 and 80. 6 X So = 480; 
divided by 45 == lof, showing that the 40 and 75 are nearest and 
that to cut it exactly a special gear will have to be added to the set. 
In reality, the gears would not change by 5 teeth with a 6-pitch lead 
screw. 

The ratio between the pitch of the lead screw and of the thread 
to be cut must be the same as the ratio between the gear on the 
stud and the gear on the lead screw. 

Rules for screw-cutting may be summed up as follows, always 
remembering that the pitch of the lead screw is the thread that 
will be cut when gears having the same number of teeth are placed 
on both screw and stud. 

As most engine lathes now have quick-change gear boxes, it is 
only necessary to learn the proper position of the gear-change lever, 
or handle, for each thread or feed. This can readily be done from 
the plate on the lathe itself. 

Gears for Screw-Cutting 

Gear trains for screw-cutting are usually arranged similarly to 
the illustration. Fig. 1 7. If the gear E on the lathe spindle has the 
same number of teeth as the gear H on the stud 5 , the lathe is 
geared even, that is, gears having the same teeth placed on both 
stud and lead screw will cut a thread like the lead screw. As shown, 
the gears are out of mesh because the tumbler gears F and G do not 
mesh with E\ but moving the handle I down throws F into mesh 
with E so the drive ls through E, F, G, H, S and intermediate to X, 
driving it so as to cut a left-hand screw if the lathe has a right-hand 
lead screw, as is usually the case. Raising handle I reverses the 
. direction of the lead screw by driving through E, G, H, S, and L. 

To follow the motion of a train of gears, take a stick (or your 
finger if they are not running) and trace the motion from the driver 
to the end as shown by the dotted lines in .A, E, C, j 9 . 

. When a lathe is compound geared, the stud gear drives an auxil- 
iary gear as A, which multiplies or reduces the motion as the case 
may be. It wiH readily be seen that if the stud drives A and E 
drives E, the motion will be exactly doubled because A has one-hah 
the number of teeth in E. 

METRIC THREADS 

Metric threads are measured in millimeters but often stated by 
the threads per centimeter. Any lathe with a pair of compound or 
“translating gears” with 50 and 127 teeth can cut metric threads, 
the large gear being driven from the stud. Then the gears for the 
number of threads per centimeter are figured the same as threads 
per inch, as on page 78. 



the Gears for Screw-Cutting 
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TLe gears for millimeter threads can be easily found by a simple 
rule. Put the lay-tooth gear on the screw. The gear for stud is 
found by multiplying the number of threads per inch of the lead 
screw by the pitch to be cut in millimeters and by 5. 

Example.- — To cut 2-millimeter pitch on a lathe with a lead 
screw having 4 threads per inch. The driving gear on the stud will 
be 

Lead screw (4) X millimeters (2) X 5 — 40, the two gears being 
40 on stud and 127 on screw. 

Example. — To cut a lo-millimeter thread with a s-pitch lead 
screw. 

Lead screw (s) X millimeters (10) X 5 = 250, the gears being 
250 on stud and 127 on screw. 

It will frequently be necessary to, compound the gears to get the 
desired ratio with the gears in common use. 

HELIX ANGLE OF SCREW THREADS 

The helix angle of screw threads varies with both the diamel er 
and the lead of the screw. The larger the diameter the less the 
helix angle for the same lead screw. The heMx angle is used in 
grinding thread tools, and the pitch diameter should be considered 
instead of the outside. 

The helix angles for standard threads are given in Table i on 
page 5. For other diameters and leads the following formula can 
be used. 


! 


I 


Helix-Angle Formula 


P — single threads per inch. ^ = lead = X. 

C 

D = pitch diameter of work in inches, w = 3.1416 

C = pitch circumference of work in inches = wD. 

1 

Find angle in table of tangents 

While the formula is worked out for single threads, it can be used 
for double or triple threads by considering the lead equal to the 

advance of the work in one revolution instead oi -t as given in the 

formula. 

It is customary in many shops to have several thread tools in 
stock to cut these various thread angles, each cutting within a 
certain range of angles. This table will be useful in determining 
the best range for each thread tool. 

Figures 18 and 19 show side and front elevations of the thread tool 
and of the protractor as applied to obtain the proper angle of side 
clearance to cut a right-hand screw thread. The front edge of the 
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tkread tool is used to determine the angle of side clearance. Figure 
20 shows a section taken along the line ah^ Fig. i8. It will be 





The Use of the Protractor 

noticed that line ef is shorter than GE to give clearance to the cut- 
ting edges of the thread tool, and also that GR is equal to HR, and 


Table 46. — Multiple Thread Cutting 


Threads 

Thread 

Carriage 

Lathe Screw 

per Inch 

Multiple 

Movement 

Thd’s per In. 

l§-f 

2 


Any 


3 

Cannot be split 



this way. 


iM 

4 

v 

Any even thd. 

if-f 

2 

2" 

Any 


3 

i4" 

6 

iH 

4 


■Any'.""'" 


2 

2'^ 

Any 

2i-| 

3 

Cannot be split 




this way. 


2i-| 

2i-t 

4 

2 

i" 

i" 

Any 
■ Any. 


3 

r; 

3,6,9, 12. 
Any even thd. 


4 

r 

3 “f 

2 

r 

Any even thd. 

3 “f 

3 

Cannot be split 




this way. 


3 "I 

4 

i" : 

■■ , " 4 -" 
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es is equal to fs. The thread tool must be set at the center as in 
Fig. 21 in order to cut a thread at the proper angle. 

MULTIPLE THREAD CUTTING 

Table 46 on page 82 will be found useful when cutting mul- 
tiple threads. When one thread is cut, the feed nut may be opened 
(the spindle, of course, being stopped) and the carriage moved along 
by hand the distance given in the table; the nut is then closed on 
the screw and the next thread cut. This is a quick and sure method 
of starting the second, third, or fourth thread where the lead screw 
of the lathe is of the pitch given in the table. 


Table 47. — Double Depth of Threads 


Threads 
per in. 

V 

Threads 
D D 

U. S. 
St’d 
D..D 

Whit. 

St’d 

D D 

Threads 
per in. 

V 

Threads 
D D 

U. S. 
St’d 

D D 

Whit. 

St’d 

D D 

2 

.86650 

.64950 

. 64000 

28 

.06185 

.04639 

.04571 

2 \ 

. 77022 

•57733 

.56888 

30 

•05773 

.04330 

.04266 

2f 

.72960 

•54694 

• 53894 

32 

.05412 

.04059 

. 04000 


.69320 

:.5I96o 

.51200 

34 

.05097 

.03820 

.03764 

4 

.66015 

•49485 

.48761 

36 

.04811 

. 03608 

•03555 

2i 

.63019 

•47236 

•46545 

'88 

.04560 

.03418 

.03368 

■ 4 

.60278 

.451S2 

•44521 

40 

.04330 

.03247 

.03200 

3 

.57733 

.43300 

.42666 

42 

,04126 

.03093 

.03047 

3i 

.53323 

.39966 

•39384 

44 

•0393^ 

.02952 

.03136 

3i 

.49485 

.37114 

•36571 

46 

.03767 

.02823 

.02782 

4 

.43300 

•32475 

.32000 

48 

.03608 

.02706 

.02666 

4i 

.38488 

. 28869 

,28444 

SO 

.03464 

.02598 

.02560 

5, 

.34660 

.25980 

, 25600 

52 

.03332 

.02498 

.02461 

si 

.31490 

. 23618 

.23272 

54 

.03209 

.02405 

.02370 

6 

.28866 

.21650 

.21333 

56 

.03093 

.02319 

.02285 

7 

.24742 

.18557 

.18285 

58 

.02987 

.02239 

.02206 

8 

.21650 

.16237 

.16000 

60 

.02887 

.02165 

.02133 

9 

. 19244 

. 14433 

.14222 

62 

.02795 

.02095 

.02064 

10 

. 17320 

. 12990 

.12800 

64 

.02706 

.02029 

. 02000 

II 

.15745 

.11809 

.11636 

66 

.02625 

.01968 

.01939 

III 

. 15069 

.1129s 

.11121 

68 

.02548 

.01910 

. 01882 

12 

.14433 

. 108251 

. 10666 

; 70 j 

.02475 

.01855 

. 01828 

13 

.13323 

.09992 

. 09846 

72 ■ 

. 02407 

. 01804 

.01782 

14 

.12357 

.09278 

.C9142 

74 

.02341 

.01752 

.01729 

IS 

.11555 

. 08660 

•08533 

76 

.02280 

.01714 

. 01673 

16 

. 10825 

00 

H 

H 

00 

0 

. 08000 

78 

.02221 

.01665 

. 01461 

18 

.09622 

.07216 

.07111 

80 

.02166 

.01623 

. 01606 

20 

. 08660 

.06495 

. 06400 

82 

.02113 

.01584 

.01560 

22 

.07872 

.05904 

.05818 

84 

. 02063 

.01546 

.01523 

24 

.07216 

.05412 

.05333 

86 

.02015 

.01510 

. 01476 

26 

.0661 

. 04996 

.04923 

88 

.01957 

.01476 

.01454 

27 

.06418 

. 04811 

.04740 

i 90 

.01925 

.01443 

.01422 
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To determine wlxetlaer multiple thread can be spaced by carriage 
movement, change’ the threads to be cut into a common fraction. 
Divide the numerator by the thread multiple. . If it divides evenly, 
the thread cannot be spaced by moving the carriage. If it does 
not (h vide evenly, move the carriage the distance obtained by 
dividing the thread multiple into the denominator. The rule and 
examples given are by T, J. Lee. 

The carriage can, of course, be moved i inch and the nut closed, 
no naat ter what the pitch of the lead screw may be (unless it is 
fractional), but in order to close the nut after moving f inch, the 
screw must have some even number of threads per inch. 

As will be seen by referring to the table, a lead screw with any 
even number of treads per inch is used in a number of cases, while 
in several other instances the screw may be of any pitch— either 
odd or even. In certain cases, 4 and 8 per inch lead screws are 
specified; and in cutting triple threads a 6 per inch screw is usual. 

^ This gives the depth to allow for a fuU thread in a nut or similar 
piece of work for threads for 2 to 90 per inch, regardless of the diam- 
eter. A special nut for a 2-inch bolt, 20 threads per inch, American 
Standard would, have a hole 2,0 0.06495 = 1.93505 inches in 

diameter bored in it. It is generally better to allow for three- 
quarters depth than a full thread. 

FACEPLATE FOR MTOTIPLE Tin^ CUTTDTG 

Figure 22 shows a faceplate fixture used on various numbers of 
threads. On an ordinary driving plate is fitted a plate having, as 



Fig. 22.— Faceplate for Multiple Thread Cutting 


shown, twelve holes enabling one to get two, three, four or six leads 
if required. This ring carries the driving stud, and is clamped at 
the back of the plate by two holts as an extra safeguard. All that 
is necessary in operation is to slack off the bolts, withdraw the 
index pin, move the plate the number of holes required, and 
retighten the bolts. It is used on different lathes, as occasion 
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requires, by making the driving plates alike and drilling a hole for 
the index pin. It is found that the index pin works best when made 
taper, and a light tap is suiBScient to loosen or fix it. Multiple threads 
can all be cut at the same time, using a properly located tool for 
each lead. The finishing cut is usually made with a single tool. 

CUTTING DIAMETRAL PITCH WORMS IN THE LATHE 

The accompanying table is to be used in cases where fractional 
worm-thread cutting is necessary for diametral pitch worm 
threads to mesh into diametral-pitch worm gears. 

Formula: ^ ItietoTpitch} = of wheels. 

The ratio 355:113 is more accurate than 22:7 but requires odd 
gears; a 71-tooth gear and a 5: i compound give 355. 

Table 48.— Change Gears for Diametral Pitch Worms 
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In the first column is found the diametral pitch to be cut. In the 
second column is found the corresponding single depth of the worm 
thread. Under the third column is found the width of the tool at 
the point, the tool being the regular 29-degree included angle. In 
the fourth column is found the width at the top of the worm thread. 

The next heading in the chart is “Pitch of lead screw, ’V and here 
are found different pitches of lead screws 2 to 10. 

Example. — Suppose it is desired to cut a worm thread of 4 diame- 
tral pitch on a single-geared lathe having a 6-pitch lead screw. 
Opposite 4 in the first column find the single depth of worm thread, 
or 0.540 inch; and continuing in the same direction from left to 
right, under the next column find the width of the worm-thread tool 
at the point or end, which is 0.243 inch, and so on to the next column, 
where is found the width of the worm thread at the top, which is 
0.263 inch. Say there is a 6-pitch lead screw on the lathe. Then 
follow right on in the same direction to the column headed 6, which 
shows the gear ratio to be Of course, there is no 7 gear on the 
lathe, so simply bring the fraction to higher denominations, say 
^ X f *= If, that is, put the 99 gear on the spindle or stud, and 
the 21 gear on the screw. Then use a gear of any convenient size 
to act as an intermediate gear, and thus connect the gear on the 
spindle with the gear on the screw. Taking the fraction ^ and 
multiplying the numerator and denominator by 4 would give as 
the two gears to be used. It will be seen that this last fraction 
simply changes the number of teeth in the gears but does not 
change the value of the fraction; thus, there is the same ratio of 
gears. 

LEAD GEARS FOR DIAMETRAL PITCH WORMS 

C. A. Johnson, Perkins Gear & Machine Company, presents 
another method. Practically aU spur, helical, and bevel gears are 
now made to the diametral pitch system because of the simplicity 
of its calculations. Worm gearing has been made to the circular- 
pitch system because of the ease of gearing a machine to produce 
worms with leads which are simple fractions. This practice is now 
being gradually superseded by the diametral pitch system. The 
one disadvantage, that of calculating change gears, is obviated by 
Table 49, page 88, giving the four gears necessary to produce 
the correct lead on a worm of any diametral pitch from i to 60 and 
any number of threads from i to 8. 

The diametral pitch is found at the left-hand side of the table, and 
in the column under the desired number of threads is found the 
change gears which will produce the correct lead. The table 
is divided horizontally into three sections. Gearing for the coarse 
pitches (i to 4) is calculated for a machine with a 3-inch constant, 
that is, a machine which produce a had of inches with equal 
gears. The medium pitches (5 to 20) are calculated for a machine- 
with a i-inch constant, and the fine pitches (22 to 60) are caicUlated 
for a machine with a |-inch constant. In every case the largest 
gears to produce the desired ratio are given. For some ratios these 
may be fa,ctored if smaUer gears are desired. All of the gear ratios 
in the table are the closest to the desired ratio which may be 
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obtained using gears with tooth numbers from 24 to 100. The 
required gears are as follows: 

3-inch machine — 35 gears in all 

1 each— 24, 25, 28, 30, 34, 35, 36, 42, 43, 44, 47, 48, 51, 55, 60, 61, 

62, 68, 70, 72, 75, 77, 84, 86, 88, 89, 95, 98, 99. 

2 each— 25, 50, 100. 

I -inch machine— 59 gears in all 

1 each— 25, 27, 28, 29, 31, 32, 33, 34, 35, 40, 41, 42, 43, 44, 45, 47 

48, 51, 52, 55, 56, 58, 59, 61, 62, 63, 64, 65, 66, 68, 70, 72, 

73, 76, 77, 78, 80, 81, 82, 84, 85, 86, 87, 88, 89, 90, 91, 93 

94, 95, 96, 98, 99- 

2 each— 50, 75, 100. 

|-inch machine— 62 gears in all 

1 each— 26, 27, 28, 29, 31, 32, 33, 34, 35, 41, 42, 43, 44, 45, 46, 47, 

48, 51,52, 55, 56, 57, 58, 59, 61, 62, 63, 64, 65, 68, 69, 70 
73, 76, 77, 78, 79, 80, 81, 82, 84, 85, 86, 87, 88, 89, 90, 91, 
92, 94, 95, 96, 98, 99- 

2 each — 50, 66, 75,100. 

It may be necessary to cut a worm on a machine of different con- 
stant than that for which the change gears are tabulated. The 
procedure for finding the correct set of gears is as follows: 

Suppose that a 3 D.P. gear is to be cut on a 2-constant machine. 
The gears for a 3-constant machine are of 34, 75, 77, and 100 teeth. 
To maintain the same lead on the worm, however, it will be neces- 
sary to increase the ratio of the change gears in the ratio of 3 to 2. 

Thus, ^ ^ which by factoring becomes — » 

2 X 75 X 100: ^ 100 X 100 
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Table 49. — ^Lead Gears for Diametral Pitch Worms. — Continued 
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SECTION II 

PIPE AND PIPE THREADS 

AMERICAN STANDARD PIPE THREADS 


The American or Briggs Pipe Thread Standard was formulated 
by Robert Briggs prior to 1882, It has been modified to conform 
to pitch (hameter instead of outside diameter, and the tables now 
given have been approved by the leading technical associations, 
through the American Engineering Standard Committee. ^ Although 
the tables and illustrations appear quite different than in previous 
editions, the essential dimensions are very similar. 

Diagram Showing Notation of American Standard Taper 
Pipe Thread (see Table i) 

A = P — (o.osP 4- i.i)F. 

B = A 4- 0.062SF. 

£ = (0.80D 4- 6.8)F. 

Depth of thread = 0.80F. 





Jhreadsdue 

'Sl&sdofM 


! ; TapsrlintSmuisiifdonJ/'itm . : 


A« P- 


Thread 


mam.ofara,4 

oiMofPlpe <>f5ei3ingm6 

- (0.05P4- i-i)F B«A4 -o.o62SF £ = P(o. 8 D 4 6.S) 
Thrd.= o.8F 

Fig. I. — Standard Notations (see Table i) 


Depth of 


The taper is i to 16 inches, or f inch per foot. The thread 
angle is 60 degrees measured from the axis of the pipe. Mr. Briggs 
originally advocated rounding the threads, but they are slightly 
flattened to 0.033 pitch instead. The formula now gives the 
ejfedm length of thread, that includes two threads slightly imper- 
fect, while the old formula gave the length of threads (see 

Fig.'i).,,' 

Diameter of Taper Thread. — ^The pitch diameters of the taper 
thread are determined by formulas based on the outside diameter 
of pipe and the pitch of thread. These are as follows: 

A - D — (0.050D 4 - i.i)P. B ^ A + o.o625iR 
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where A = pitch diameter of thread at end of pipe. 

B == pitch diameter of thread at gaging notch. 

D = outside diameter of pipe. 

F = normal engagement by hand between external and 
internal threads. 

P = pitch of thread. 

Length of Thread.- — The length of the taper external or male 
thread is determined by a formula based on the outside diameter 
of the pipe and the pitch of the thread. This is as follows: 

E = (0.80D + 6.8)P 

where E = length of effective thread. 

D = outside diameter of pipe. 

P = pitch of thread. 

Depth of thread — 0.80 P. 

For engagement of threads, see F in Table i. 

Gages and Methods of Gaging 

Gages to maintain interchangeability of product properly should 
consist of master gages, reference gages used for checking working 
gages (see Figs. 2, 3, and 4), and working gages used for checking the 
product. The dimensions and use of these gages are described 
below. 

Master Gage. — The master gage is a taper-threaded plug gage. 
This should be accompanied by two taper- tlureaded ring gages 
(known as checks) to afford ready comparisons. The plug gage is 
made to the dimensions given in Table i, and shown in the diagram 
and in Figs. 2,3, and 4. It includes the gaging notch, or the differ- 
ence between E and P in Table i. 

One ring (check) has a thickness equal to dimension P, is the same 
diameter at the smaU end as the small end of the plug gage, and is 
flush with the plug gage at the small end and at the gaging notch 
when screwed on tight by hand (see Fig. 2). This check will be 
fitted to its master. 

The other ring (check) has a thickness equal to dimension E, but 
is threaded for a distance equal to E minus P. It is the same 
diameter at the large end as the large end of the plug gage. The 
distance equal to P is counterbored and unthreaded (see Fig. 3). 
This check will also be fitted to its master. 

The roots of the threads are cut to a sharp V, or may be undercut 
beyond the sharp V to facilitate making the thread (see Fig. 4). 
The crests are truncated^ an amount equal to o.iP, as Olustrated in 
Fig- 4- 

Master gages and their checks are primarily for the use of gage 
and thread-tool manufacturers, and for very accurate reference in 
checking gages. 

Reference Gage. — The reference gage consists of one taper- 
threaded plug gage and two taper- threaded ring gages. The plug 


1 The object of truncating the crests on gages (truncation o.iP) is to insure 
that, -v^hen gaging a commercial thread cut with a slightly dull tool, the gage 
bears on the sides of the thread instead of on the roots. 
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The crests are truncated an amount equal to o.iP. The roots 
are cut to a sharp V, or may be undercut beyond the sharp V to 
facilitate making the thread (see Fig. 6) . 


fimerican Taper 

Working Ring Gage OneTurnPIus OneTumMmus 



Fig. 7 Fig. 8 Fig. 9 



Fig. 10 Fig. II Fig. 12 


Gaging Taper External Threads.—In gaging external or male 
threads, the ring gage, Fig. 5, should screw tight by hand on the 
pipe or male thread until the small end of the gage is flush with the 
end of the thread (see Fig. 7). 



Gaging Taper Internal Threads. — In gaging internal or female 
threads, the plug gage, Fig. 5, should screw tight by hand into the 
fitting or coupling until the notch is flush with the face. ^ W 
the thread is chamfered, the notch should be flush with the bottom 
of the chamfer. 
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TMs method of gaging is used either for taper internal (female) 
threads or for straight threaded couplings which screw together 
with taper external (male) threads (see Figs, lo and 13). 

GAGE AND WORKING TOLERANCES 

Gage Tolerances. — In the manufacture of gages, variations from 
basic dimensions are unavoidable. Furthermore, gages will wear 
in use. In order to fix the maximum allowable variations of gages, 
tolerances have been established. 

Master-Gage Tolerances. — Master gages should be made within 
the narrowest possible limits of error, and checks should be fitted to 
their masters. Each master gage should, in addition, be accom- 
panied by a record of all measurements and a statement of the 
decimal part of a turn that it varies, plus or minus, from the basic 
* dimensions. 

Table 2, column i, is used when checking gages by measurement. 
No point on the thread surface of the gage should be outside 
of the zone of tolerance indicated by the shaded portion of the 
illustration. 

The dotted line indicates the outline of a perfect gage made 
exactly to the basic dimensions. 

A = basic pitch diameter at small end of gage. 

JB = minimum pitch diameter at small end of gage. 

C = maximum pitch diameter at small end of gage. 

B — A — Column i from Table 2 for reference gages. 

C = A A- Column i from Table 2 for reference gages. 

Column 2 gives the equivalent of column i, expressed in terms of 
distance parallel to the axis, and represents the maximum distance 
that a reference ring gage of perfect thickness or a reference plug 
gage of perfect length from small end to gaging notch may vary 
from being flush at the gaging notch or at the small end, when 
referred to basic dimensions. It is equal to 16 times column i, 
owing to the basic taper of i in 16, measured on the diameter. This 
column is used when checking reference gages by comparison with 
a master gage. The necessary allowance must be made, of course, 
for the error in the master. 

Column 3 gives the equivalent of column 2, e3q)ressed in terms of 
the decimal part of a turn from the basic dimensions. This column 
is also used when checking reference gages by comparison with a 
master gage. In this operation the necessary allowance must be 
made for the error in the master. 

A tolerance of plus or minus 0.0002 inch (0.005 inillimeter) is 
allowed on the distance between the gaging notch and the small 
end of the reference plug gage, or on the thickness of the reference 
ring gage. It is possible for reference plug and ring gages which 
come within all of the above tolerances to vary from being flush 
with each other at the small end, or at the gaging notch, when 
screwed together tightly by hand. The maximum variation which 
might occur, expressed in terms of distance, is given in column 
4, and gages which come within these limits should be checked by 





STRAIGHT PIPE THREADS 


95 


measurement before being rejected. Working gage tolerance is 
twice the tolerance allowed in the reference gages. 

Manufacturing Tolerances. — The maximum allowable variation 
in the commercial product is one turn plus or one turn minus from 
the gaging notch when using working gages (see Figs. 8, 9, i i, and 
12). This is equivalent to a maximum allowable variation of one 
and one-half turns from the basic dimensions, owing to the allo^^- 
ance of one-half turn on working gages. 

Figure 13 is a diagram of a pipe-thread gage. 

STRAIGHT THREAD AHD ITS USES 

While the taper external and internal threads are recommended 
for threaded joints for every service, there are certain uses for a 
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Fig. 14 

straight pipe thread. Straight threaded female wrought-iron or 
wrought-steel couplings of the weight known as “standard” may 
be used with taper-threaded pipe for ordinary pressures, as they 
are sufficiently ductile to adjust themselves to the taper male 
thread when properly screwed together. (For dimensions, see 
Table 4.) For high pressures, however, only taper- threaded pipe 
and fittings should be used. 

Straight male threads are recognized only for special applications, 
such as long screws and tank nipples. 

In gaging, the American taper working plug gage is used, allow- 
ing the same tolerance from the notch as for a taper thread (see 
Fig. 14) . The straight thread on the pipe enters the coupling freely 
by hand, the joint being made by a packing material between the 
locknut and the coupling. 
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Table 3. — Dimension of Standard Pipe 
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Further investigation by com- 
mittees of the American Standards 
Association found it desirable to 
flatten or truncate the thread at the 
bottom as well as at the top, as 
mentioned on page 93. The original 
standard set a truncation of 0.033 
X pitch for all threads. This has 
now been increased to a maximum 
of 0.096 X pitch for twenty-seven 
threads per inch and 0.073 X pitch for 
eleven and one-half threads per inch. 
Complete data requiring twelve new 
tables, can be secured from the 
American Standards Association, 
New York Central Ofi&ce Building, 
New York. 


Figure 14a shows the truncations 
and how they are designated. 



Fig. i4«j.—Limits on < 

The Values of the Maximun 
Equivalent Width of Flat 













PIPE AND PIPE THREADS 


Depth of 
Thread 


Number of 
Threads 


Nominal Size 


ig Room 1 
ids over 
jiuding so«j 
ies, on an d 
he princip4 
:e, there ari 
it vistas of I 
aphies, recA 
cripts tori 
ading room | 
stocked in \ 
brary was au' 

Courses 

runs regular 
ficers of the t 
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meters 
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0.02963 o,753- 
0.04444 1. 129 
0.04444 1. 129 

0.05714 I-4SI 
0.05714 I.4SI 
0.06956 1.767 
0.06956 1.767 
0.06956 1.767 
o . 06956 1 . 767 
0. 10000 2.S40 
o. 10000 2.540 
0. 10000 2.540 
o. 10000 2.540 
0. 10000 2.540 
O. 10000 2.540 
0. 10000 2.540 
O. 10000 2,540 
0. 10000 2.540 
0. 10000 2.540 
O. 10000 2.540 
0. 10000 2.540 
O. 10000 2.540 
O. 10000 2.540 
0. 10000 2.540 
0. 10000 2.540 
O. 10000 2.540 
0.10000 2.540 
0. 10000 2.540 
0. 10000 2.540 
O. 10000 2.540 
0. 10000 2.540 
O.JOOOO 2.540 
0 . 10000 2 . 540 


0.37476 9.519 
0.48989 12.443 
0.62701 IS‘926 
0.77843 19.772 
0.98886 25.117 
1.23863 31.461 
1.58338 40.218 
1.82234 46.287 
2.29627 58.32s 
2.76216 70.159 
3.38850 86.068 
3,88881 98.776 
4.38713 III. 433 
4.88594 124. 103 
5.44929 138.412 
6.50597 165.252 
7.50234 190.560 
8,50003 215. 901 
9.49797 241.249 
10.62094 269.772 
11.61938 295.133 
12.61781 320.493 
13.87262 352.365 
I4.S7419 377.80s 
15.87575 403.245 

16.87500 428.626 

17.87500 454.026 
19.87031 S04.707 
21.86562 555.388 
23.86094 606.069 
25.8562s 656.758 
27,85156 707.431 
29,84687 758.112 
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Table 5.— Drill Sizes for American Taber Pipe Taps for 
Tapping without Reaming 


Size 

of 

Pipe 

Threads 

per 

Inch 

■ 

Root Diam. 
Small End 
of Tap in 
Inches 

Root Diam. 
Small End 
of Pipe and 
Gage in 
Inches 

Tap Drill 

Size 

Decimal 

Equivalent 

\ 

27 

0.314s 

0.3339 

R 

0.339 

i 

18 

0 . 4043 

0.4329 

A 

0.437 

t 

18 

O.S 393 

0.5676 
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14 

0.6651 

0.7013 

if 

0.719 
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14 

0,8751 

0.910S 

If 

0.921 

I 

■ 'Ilf 
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I. 1441 
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Ii 

11 f 

1.4447 

1.4876 
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1.6828 
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2 

III 

2.1578 

2.1995 

2 ^ 

2.218 

2| 

8 

2.5617 

2.619s 

2f 

2.62s 

3 

8 ' 

3.1828 ' 

3.2406 

3 l 

3.250 

3 i 

8 

3.6789 

3.737s 

3 ! 

3-750 

4 ' 

8 

4.1750 

4.2344 

4 i 

4.250 


BRASS TUBE SIZES FOR CHAIUDELIER WORK 


Table 6.— Tubing, Joints and Fittings for Chandeliers are 
OF THE Following Sizes 


Outside Diameter 
or Trade Name 

Outside Diameter 
of Thread 

1 Number of Threads 
to the Inch 

i 

0.265 

27 

A 

0.327 

27 

t 

0.390 

27 

A 

0.452 

27 

1 

0-515 

27 

A 

0.577 

27 

f 

0.640 , 

27 

i 

0.765 

27 


Frencii chandelier work uses tubing ii millimeters (0.433 inch) 
in diameter, with a thread of 1.3-iniIlimeter pitch, (0.05 inch or 
about 20 theads per inch). 
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PIPE USED IN OIL-WELL WORK 

Pipes for both oil- transmission lines and for oil-well casings have 
been standardized by the American Petroleum Institute, known as 
the A.P.I. Bessemer, open-hearth, or electric steel of good welding 


Table 8. — Tapers and Tolerances oe Well Casings 



When taper per foot is 
specified as: 


^ Inch 

1 Inch 

I Inch 

Maximum taper, inches 

Minimum taper, inches 

i 

A 

ft 





f quality, may be used for all pipe. Open-hearth iron with an 
impurity content of not more than of i per cent may be used. 
Furnace-welded pipe 3 inches or under may be butt-welded, but 
pipe over 3 inches must be lap-welded. Plain-end pipe for welding 
i is usually beveled 37 J degrees, with a width of flat of ^ inch and a 

tolerance of inch in either direction. 

I American Standard form of thread is used but is sometimes 
rounded, instead of flattened. For line pipe the taper is nominally 
I inch per foot with ff as a minimum and inch as a maximum. 
Well casings are made with three tapers, as in Table 8. Line pipe 
follows standard practice. Well casings are shown in Table 9. 
All dimensions are in inches and measured at the standard tem- 
perature of 68®F. Casing threads are shown in Table 10, Casings 
have an average length of 20 feet 
Standard drill pipes are from 2| to 6f inches outside diameter 
with specials of 2f , 7f , and 8| inches. Dimensions are shown in 
Table II, also the form of thread. Drill pipe is made in lengths of 
20 to 22 feet and 27 to 30 feet. 





Table 9 *— A.PX Staitoard Well Casing 
(Originally established by the Committee for Uniform Cl^rance) 

(Size of A.P.I. Casing Indicates Outside Diameter. All Dimensions in Inches at 68°F.) 
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Gage tolerances are shown in Table 12. 

Table 12. — Tolerances from Basic on Gages for Casing 
Drill Pipe and Tubing ’ 

(All Dimensions in Inches at dS'^F., except Thread Angles, Which 
Are in Minutes of Arc) 


Item 

Tolerances 

For f Inch 
Taper* 

For 1 Inch 
Taper* 

Pitch diameter on plugs 


+ .0010 
± . 0005 
± .0008 
± .0010 
— . 0000 

Lead on plugs 


Lead on rings 

+ .0005 
±,0005 
.0000 

— ,0002 

. 0012 
+ 10' 

Taper on plugs 

Taper on rings 

§ thread angle on plugs 

. 0002 

— .0012 

±10' 

±iS' 

1 thread angle on rings. 

+ 1-/ 




* Taper, as used herein, means total or measured on the diameter. 



Fig. 15. — Hughes Oil Tool Acme Thread for Oil Tools 
Hughes Acme Thread Tool Joint 

The Hughes “Acme’’ tool joint thread is cut normal to the slope 
of the taper as shown. The threads are 4 per inch. Clearance 
top and bottom of thread = 0.010 inch. The taper of this joint = 
8 degrees with center line or 16 degrees included angle. There is 
3I inch taper per foot. 

* BRITISH STANDARD PIPE THREADS^ 


British pipe ends are shown in Fig. 16 and gaged with a plain 
tapered ring gage, Fig. 17. The step is the tolerance. Pitch and 
1 By permission British Engineering Standards Committee. 





BRITISH PIPE GAGES 


III 


form of tEread are checked with a profile or comb gage. Inside 
thread diameters of couplings and fittings are checked by gages 
having threads with sharp angles that will bear only on the roots of 

Mihlen^ihofThreerd'-Cdf 

ofBageQim. 



CoJJO 


Coned 1 in IG measured'^'* 
on fhe diomehp 

Figs. i6 and 17. — British Pipe and Ring Gage 

GagefoD/am^ 

See Col. 3 \ 




Taper tin IS 
measured on rV»Q/ | 
diamefer 
Fig. 18. — British Plug Gage 

the threads. Such a gage is shown in Fig. 18. The distance from C 
to D is the difference between columns 10 and ii in the table. 
When screwed in by hand, C must go inside coupler and D must 
remain outside. The gage in Fig. 17 is used in the same way. 
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The Three-Wire Method of Meastirmg Pitch Diameter 
of Taper Pipe Threads 

In the measurement of the pitch diameter of a taper pipe thread 
it is necessary to locate one measuring wire at a definite position 
on the taper. This may be at any convenient length (L) from the 
end of the thread. 

A known position can be located with a 6o-degree gage block 
accessory point as shown in Fig. 1 at A . A combination of blocks 
is made such that the cone point is a known distance above a sur- 
face plate^ say 0.250 inch, and the thread gage is moved into contact 



Fig. 1 8a. — ^The 3-Wire Method of Measuring Pitch Diameter of 
Taper Pipe Threads. 

with the cone point and rotated until the cone point excludes light 
on both sides of the thread. A mark is then placed on the side of 
the next thread with a soft lead pencil, Prussian blue, or similar 
marking device. 

One wire is then placed in the thread at the known distance from 
the end and the two other wires are placed opposite. The reading 
over the three wires will be at an angle to the axis of the thread, and 
therefore the following formula must be used: / 

JS = 1.00049 M - (^sG - 
or'' 

jE = 1.00049 ilf — best Wire constant 
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The pitch diameter at any other point is then computed by add- 
ing or subtracting the amount of taper from the diameter measured 
to the diameter desired. The taper is 0.0625 
iameter. 

Example. — Three-wire method of measuring pipe threads. 

Given: A J-inch 1 4- taper pipe thread gage. 

One wire is located 0.250 inch from small end. 

14 pitch best wire diameter =0.04124 inch 
Best wire constant = 0.06186 inch 

Measurement over three wires = 0.8360 inch 
Computations: E = 1.00049 X 0.8360 inch — 0.06186 inch 

= 0.83641 inch 

—0.06186 inch 
T at 0.250 inch >= 0.77455 inch 

E at gaging notch 
0.320 inch from 

end — 0.77455 i^ch -f (0.320 inch — 0.250 inch) 

X 0.0625 inch 

= 0.77455 inch 0.070 inch X 0.0625 inch 

= '0.77455. inch ■ 

-fo.00438 inch 
0.77893 inch 

Basic E af gaging 
notch = 0.77843 inch 

Amount oversize = 0.00050 inch 
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PIPE AND PIPE THREABS 


The Two-Wire Method of Measuring Pitch Biameter 
of Taper Pipe Threads 

In the two--wire method, the micrometer or measuring instrument 
is constrained so that the measuring surfaces are parallel to the axis 
of the thread. One wire is then located at a known distance from 

Measuring confoicf 



Prussian blue 


''' Line of measuremenf 

Fig. i8&. — The 2-Wire Method of Measuring the Pitch Diameter of 
Taper Pipe Threads. 

the end of the thread, and the other wire is placed opposite a half- 
thread distance toward the small end of the taper and then opposite 
a half thread distance toward the large end of the taper. Two 
measurements are made, and the average of these two is used 
instead of 1.00049 M. The two- wire method is more accurate than 
the three-wire method because it measures the actual taper of the 
thread. It also simplifies computations. 

The pitch diameter at any other point is then computed by add- 
ing or subtracting the amount of taper from the diameter measured 
to the diameter desired. The taper is 0.0625 inch per inch on 
diameter. 






MEASURING PIPE THREADS 

ExaiiCPLE -•---T wo-wire method of measuring pipe threads. 

Given: A I inch = i if taper pipe thread gage. 

One wire is located 0,300 inch from small end. 

II J pitch best wire diameter — 0.05020 inch 
Best wire constant = 0.07529 inch 

Measurement over wires (small) = 1.3065 inch 

Measurement over wires (large == 1.3093 inch 

Measurement over wires (average) = 1.3079 inch 
Formula E == Average measurement — best wire 

constant 

Computations: E — 1.3079 inch — 0.07529 inch 

= 1-3079 inch 

—0.07529 inch 

Eat 0.300 inch = 1.23261 inch 

E at gaging notch 0.400 inch 

from small end == 1.23261 inch -f (0.400 — 0.300) 

X 0.0625 iiich 

= 1.2361 inch -{- 0.00625 inch 

= 1.23261 inch 

+0.00625 inch 

E at gaging notch = 1.23886 

Basic E at gaging notch = 1.23863 inch 

Amount oversize = 0.00023 inch 
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Table 14, — -Metric Pipe Threads 


Nominal Inside 
Pipe Diameter 
in Inches 

Inside Pipe 
Diameter in 
Millimeters 

External Thread 
Diameter in 
Millimeters 

Internal Thread 
Diameter in 
Millimeters 

Number of 
Threads 
per Inch 

i 


10 

8.3 

28 

i 

6.3s 

13 

II.3 

! ■ 19 ■' 

1 

9-52 

16.5 

14.8 

19 

1 

12.70 

20.5 

18.2 

14 

i 

15-87 

23 

20.7 

14 

3 

A 

19.05 

26.5 

24.2 

14 ^ 

1 

25.40 

33 

30 

II 

ll ^ \ 

31.75 

42 

39 

II 

li 

3S.10 

48 

45 

II 

li 

44.45 

52 

49 

II 

2 

50.30 

59*7 

56.7 

II 

2i 

63*50 

76 ! 

73 

II 

3 

76.20 

89 

86 

II 


88.90 

101.5 

98.5 

II 

4 

101.60 
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NATIONAL (AMERICAN) STANDARD FIRE-HOSE 
COUPLING SCREW THREAD 

This standard covers the threaded part of fire-hose couplings, 
hydrant outlets, stand-pipe connections, Siamese connections, and 



Fig. 19. — Standard Hose Couplings 


all other special fittings on fire lines where fittings of 2 i, 2, 3-!, 
and 4I inches nominal diameter are used. It should be noted also 
that they determine the size of the finished product and not of 
the threading tools. The Standard fire-hose coupling screw thread 
is the American (National) Standard form. 




FIRE HOSE COUPLINGS 1x5 

Table 15, —Characteristics ge the National Standard Fire- 
Hose Coupling Screw Thread 
(All Dimensions in Inches) 


" 1 

C Nominal inside diameter of hose coup- i 





ling....... 

2| 

3 - 

si 

4 J 

iV Number of threads per inch 

L Total length of threaded part of coup- 

7 i 

6 

6 

4 

ling and hydrant nipple, external thread 
I Distance from face of nipple to start of 

I 


li 


second turn 

" i 

A 

A 

* 

F Depth of coupling swivel to washer seat 
J Distance from face of coupling swivel to 

15 

16 

lA 

lA 

lA 

start of second turn 

A 

i 

1 

4 

f 

r Depth of thread of coupling swivel 



if 



Table 16. — Limiting Dimensions tor Threads of Coupling 
Swivels and Hydrant Cars (Internal^) 

(All Dimensions in Inches) 


Pitch Diameter Minor Diameter 


Nominal 

Size 

No. of 
Threads 
per 
Inch 

Min. 

Major 

Diam- 

eter2 

■2.500 

7 -S 

3-0836 

3-000 

6.0 

3.6389 

3-500 

6.0 

4-2639 

4-500 

4.0 

5 • 7859 


Max. 

Min. 

Max. 

Min. 

3-0130 ' 

2 . 9970 

2.9424 

2.9104 

3-5486 

3-5306 

3-4383 

3-4223 

4-1736 

4-1336 

4-0833 

4-0473 

5-6485 

s-6235 

S-SIII 

5.4611 


Table 17. — ^Limiting Dimensions of Threads of Coupling and 
Hydrant Nipples (External^) 

(Dimensions in Inches) 



No. of 

: Major Diameter 

1 

Pitch Diameter 

Max. 

Nominal 

Threads 



Minor 

Size 

per 



Diam- 


Inch 

Max. Min. 

Max. Min. 

j 

eter® 


2.500 7.5 3.0686 3.0366 2.9820 2.9660 2.8954 

3.000 6.0 3.6239 3.3879 3.5136 3.4976 3.4073 

3.50D 6.0 4.2439 4.2079 4.1356 4.1176 4.0273 

4.500 4.0 5.7609 5.7109 5.5983 5.5735 5-4361 

1 The largest nipple is purposely made smaller in diameter than the 
smallest coupling im order to insure, a fit loose enough so that these threads 
can be assembled quickly regardless of the presence of dirt, burrs, bruises, etc. 

® These dimensions correspond to the basic, flat XiP). The profile at the 
major diameter of the coupling, produced by a worn tool, must not fall below 
the basic outline, but a new tool may be made with a flat at the point as 
small as ^ P (i? = pitch of thread) . 

3 These dimensions are figured to the intersection of the worn- tool arc with 
a center line through crest and root. New tools may be made to give a 
minimum minor diameter of the nipple as small as that corresponding to a 
flat oiiizp. 


PIPE AND PIPE THREADS 
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Table i 8.— Limiting Dimensions of Field Inspection Plug 
Screw Thread Gages for Coupling Swivels and Hydrant 
Caps (Internal) 

(Dimensions in Inciies) 


Nom- 

No. of 

“ Go ” or Minimum 

Gage 

“Not Go” or Maximum 
Gage 

inal 

Siae 

per 

Inch 

Major Diam. j 

Pitch Diam. j 

Major Diam. j 

Pitch Diam. 


Max. 

Min. 1 

1 Max, j 

Min. 1 

1 Max. 1 

Min. 

Max. 

1 Min. 

2 . 500 
3.000 

3.500 

4.500 

7-5 ^ 
6.0 

6.0 

4.0 

3 . 0846 
3.6399 
4.2649 
S ■ 786P 

3.0836! 

3.6389 

4.2639 

5.7859 

! 

2.9980 
3-5316 
4. 1566 
5.6245 

2 . 9970 
3 . 5306 
4.1556 
S.6235 

3.0836 

3.6389 

4.2639 

5.7859 

3.0826 
3 .6379 
4, 2629 
5 . 7849 

3.0130I 

3 . 5486 
4.1736 
5.6485 

3-0120 

3-5476 

4. 1726 
5.6475 


Notes. — (a) The minor diameters of plug thread gages are undercut below 
the nominal minor diameter to give clearance for grinding or lapping. 

(b) The allowance variation in lead between any two threads not farther 
apart than the length of engagement is ± o.ooos inch. 

(c) The allowable variation in one-half angle of thread is ± xo minutes. 
id) The diameters of the “not go” field inspection plain plug gages are the 

same as those given for the maximum minor diameter of couplings given in 
Table 13 . 


Gaging Standard Fire-Hose Coupling Screw Tlireads 

National (American) Standard Fire-Hose Coupling Screw Thread 
will be inspected in the field by plug and ring gages made within 



the limiting dimensions given in Tables 17 to 19. These will be in 
the hands of the representative of the purchaser, who will in most 
cases be the Fire Chief or the Superintendent of Water Works, 
■orhoth. ' ' 





INSPECTION GAGES 


The manufacturers’ gages should, therefore, be made an appre- 
ciable amount within the limiting dimensions of these field inspec- 
tion gages, by whatever amount may be desired, so as to allow for 
gage wear and also to avoid, as far as possible, disagreements which 
might otherwise arise due to slight differences in the dimensions of 
the gages. 

Table 19. — Limiting Dimensions oe Field Inspection Ring 
Screw Thread Gages por Coupling and Hydrant Nipples 
(External) 

(Dimensions in Inches) 


Nom 

inal 

Size 

No. of 
Threads 
per 
Inch 

**Go” or Maximum 
Gage 

“Not Go” or Minimum 
Gage 



Pitch Diam. 

1 Minor Diam, 

Max. 

Min. 

Max. 

Min. 

Max. 1 Min. 

Max. I 

Min. 

2.500 
3.000 

3. 500 

4. 500 

7.5 

6.0 

6.0 

4.0 

2 . 9820 
3.5156 
4.1356 
5.5985 

2.9810 
3.5146 
4.1346 
5. 5975 

2.9104 
3.4223 
4.0473 
5. 461 I 

'2.9094 
3.4213 
4.0463 
is. 4601 

2.9670 

3.4986 

4.1186 

5.5745 

2 . 9660 
3.4976 
4.1176 
5.5735 

2. 9114 

3.4233^ 

4*0483 

5.4621 

2.9104 

3.4223 

4-0473 

5.4611 


Notes. — ( a) The major diameters of the ring thread gages are undercut 
beyond the nominal major diameters to give clearance for grinding or 


lappm^ ... 

(£») The allowable variation in lead between any two threads not farther 
apart than the length of engagement is ±0.0005 inch. 

(c) The allowable variation in one-half angle of thread is ±10 minutes. 

(d) The diameters of- the “not go” field inspection plain ring gages are the 
same as those given for the minimum major diameter of nipples given in 
Table 16. 


Pipe Threads for Rail Fittings 

New standards for pipe threads will include those used for rail 
fittings. The same pipe threads will be used for each diameter of 
pipe, but the thread is shorter to permit the use of the larger diam- 
eter of the thread and add strength to the joint. 

On pipe up to and including 2 inches, the three end threads are 
omitted, and on pipe from 2 to 4 inches, there are four threads 
omitted from the end of the pipe. 

Plug and ring gages for these rail joints will be made to corre- 
spond to the shorter threads. 








SECTION III 


DRILLING^ 

Two fluted twist drills are standard tools for cutting holes in 
solid metal. Drills with three or four flutes are used for enlarging 
cored holes. The flutes are usually milled from the solid and are 
frequently polished to help chip removal. Twist drills are made 
with a slight taper from the point to the shank, being about 0.0005 
inch smaller per inch of length, back of the point. Drills are seldom 
depended upon to give highly accurate holes as the hole drilled 
depends upon the way the drill is ground and upon the' material 
being drilled. Plastics and similar materials seem to close in after 



Fig. I. — Five Common Drill Shanks: i, Bit Stock; 2, Straight; 

3, Taper with Tang; 4, Ratchet; 5, Blacksmith 

the hole is drilled or tapped. While reamers usually give more 
accurate holes than drills, extreme accuracy is onljr secured by 
single point (sometimes called “diamond^’) boring, grinding, or 
lapping. Figure i shows five common drill shanks. 

Drill sizes are designated in four ways: By numbers, No. 80 to 
No. I (0.0135 to 0.228 inch); by letters, from A to Z (0.234 to 
0.413 inch) ; by fractions from to 3I inches, by sixty-fourths from 
J to if, by thirty-seconds from iff to 2|, and by sixteenths from 
2 A to 3i; and by millimeters from 0.5 to 10 millimeters, by tenths 
of millimeters, up to 10 millimeters, and by half millimeters on 
larger sizes. AH four designations are combined in one table 
onpage 137. 

Most drills larger than J inch in diameter are made with taper 
shanks. These shanks have been adopted as a standard by the 

1 Many of the new data in this section are due to T, F. Githens, Engineer 
of Cleveland Twist Drill Company. 

' . ' 




DRILL POINTS 



American Standards Association, and are in universal use. Taper 
shank standards are given later in Sec. XVII. Sizes below 
J inch are usually in the straight shank style because they are more 


Shank ^ p- |)W 
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Fig. 3. — Straight Shank Drill 
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economical to buy this way. Many satisfactory drill chucks for 
driving these straight shank drills are on the market. 

Twist drills are end-cutting tools used for originating^ or enlarging 
holes. They are made by forming, in a cylindrical piece of steel. 
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two equal and opposite helical grooves or flutes of such shape as to 
allow suitable cutting edges on the cone-shaped end, to provide 
channels for the egress of chips, and to permit the lubricant to get to 
the cutting edges when the drill is working in a hole. 

There are three main parts of the twist drill: the shank, the body 
and the point (see Figs, 2 to 5). 



BRILL NOMENCLATURE 


Shank Terms 

The shank is that portion of the drill by which it is held in the chuck or 
spindle. It may be cylindrical, tapered, square or otherwise. 

Taper Shank. — This is generally a Morse taper which is in universal use. 

Straight Shank. — The straight shank is nominally the same diameter as 
the drill. 

Square Shank. — The square shank is a tapered square for use in bit brace 
or ratchet. 

Shank Length. — Measured along the axis from the end of the recess to the 
extreme end of the shank on taper shanks, and from end of nutes on small 
straight shank drills which have no recess. 

Taper Shank Size.— Determined by diameter at gage line and diameter 
at small end. Values are mven in tables of tapers in drill catalogs. Morse 
tapers are given in section KVIII. 

Tang. — Sometimes called “tongue.** A flatted portion on the end of the 
shank to fit a special holder to assist in driving the drill. May be on either 
straight or taper shank but is most common on the latter. Tang is not 
intended to carry the entire torque load of drilling. 

Tang Length.— Measured along the drill axis from the extreme end to 
where the radius runs out. 

Tang Thickness.^ — Distance between flat surfaces. 

Driving Flats. — One or more flats milled on a straight shank to fit a 
special chuck to assist in driving. 


Body 'Terms . ^ ■ 

Body. — Part of the drill between the shank and the point, but not includ- 
ing either of them. 

Axis. — Line about which the drill revolves. The longitudinal center line. 

Overall Length.- — Prom shank end to the outer corners of the, cutting lips. 
Does not include conical cutting point. 

^Recess or Neck.— Part between the body and the shank. Formed on the 
larger size drills , only. Generally smaller than the body. Commonly used 
for stamping size, Mnd of steel, and maker’s name. 
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Body Diameter. — Diameter of the drill measured across the margins, 
just behind the point. 

Body Back Taper.— Slight taper of body making it smaller at the shank 
end to reduce friction. Sometimes called longitudinal or body clearance or 
relief. Usually about o.ooos inch per inch of length. 

Flute.— A groove, either helical or straight, extending from the point 
almost to the recess. A drill may have one or more flutes. 

Flute Length. — Measured along the axis, from the back end of the flutes 
to outer corners of the point. 

Flute Run-out. — Where the bottom of the flute rises to join the body 
periphery. 

Web. — Central portion of the body that joins the ribs. Front end of the 
web forms the chisel edge and is the supporting section of the drill. It 
gradually increases in thickness toward the shank. 

Web Thickness.— The least dimension between the bottoms of the flutes. 
Generally measured at the point. 

Web Increase. — Increase in web thickness from the point of the drill to 
the back end of the flutes; generally expressed as included taper per inch, in 
thousandths of an inch per inch. ^ 

Rib. — Metal portions of the drill body between the flutes. They provide 
strength and rigidity to the drill. 

Land.— The periphery of that portion of the drill body not cut away by 
the flutes. 

Margin. — The narrow strips protruding above the land clearance along 
the leading edges of the lands. They determine the diameter of the drill. 

Width of Margin. — The width measured at the body diameter, at right 
angles to the helix angle, and along a chord from one edge of the circum- 
ferential margin to the other. 

Heel.— Back edge of the rib formed by the intersection of the flute and 
the land clearance surface. 

Land or Body Clearance. — That portion of the rib that has been cut away 
so it will not rub against the walls of the hole. 

Depth of Clearance^ — Amount the land has been recessed to form the 
clearance. 

Radial Clearance, — Depth of clearance that is the same at all points 
along the land. 

Eccentric Clearance. — Clearance increases uniformly from the margin to 
the heel of the adjacent flute. 

Clearance Diameter. — Diameter of the cleared part of the land measured 
across the heels. 

Helix Angle of Flutes. — Angle of leading edge of land with the axis of 
drill. Some are made with uniformly decreasmg helix angle from point 
to .shank. ' ■ , 

Lead of Flutes.— Linear distance measured along the axis between cor- 
responding points on the flute in one complete turn of the flutes. 

Point Terms 

Drill Point.' — The entire cone shaped portion at the cutting end of the 
drill. . The surfaces are ground to form sharp cutting edges. 

Chisel Edge. — Short line across the point connecting the bottoms of 
the flutes. 

Lip.— Cutting edges of drill extending from chisel edge to the periphery. 

Point Angle.— Ai^le included between the cutting Kps. 

Lip Clearance.™ Shape of the drill point back of the cutting edge. At 
any point of the cutting edge it is the angle between a tangent to the surface 
at that point and a line at right angles to the axis of the drill. 

Lip-Clearance Angle at the Periphery.— Angle between a tangent on the 
surface back of the cutting edge at the periphery, and a line at right angles to 
the axis of the drill. 

Rake Angle (in relation to work).— Angle between the leading edge of the 
land and the axis at the drill point.^ 

DRILL-POINT GRINDING 

Fully 95 per cent of drilling troubles are due to improper grinding 
of the point. It is important that every mechanic learn how a drill 
point should be ground. 
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To get the maximum efficiency and full life of a properly made 
and tempered drill, it must be properly ground at the point. This 
point must have (i) both lips at same angle to the axis of the drill 
Fig. 6; (2) both lips the same length, Fig. 6; (3) correct amount or 
angle of clearance, Fig. 7; (4) correct shape of clearance, Fig. 8. 




Fig. 6.— Correctly Fig. 7.— Lip Fig. 8.— -Cutting 

Ground Lips Clearance Angles 

Experience shows that 12 degrees, Fig. 7, is the best angle of lip 
clearance, at the periphery of the drill. This angle should be 
increased gradually as the center of the drill is approached, and 
when the point is correctly ground, the line across the center of the 
web stands at an angle of approximately 135 degrees with the cut- 
ting edges as shown in Fig. 8. The failure to give sufficient angle of 
lip clearance at the center of the drill is the principal cause of split- 
ting drills up the web. 

The cutting edges must be at equal angles and of equal length- 
When the point is central but the angles of the cutting edges are 


Fig. 9 Fig. 10 Fig. ii 
Figs. 9^11. — Point with Unequal Lips 

the drill will bind on the side of the hole opposite to the lip 
which is cutting. It will drill too large a hole, and all the work will 
on the one cutting edge. Figure 9 illustrates this condition. 

When the point is ground with equal angles but with cutting 
edges of different lengths, the point will no longer be central and the 
condition shown in Fig. 10 will result. 

When both angle and length of cutting edges are wrong, the drill 
will be laboring under the severe conditions shown in Fig. n. 

Every point of a drill lip when at work travels in a helix. Each 
point travels in a helix of the same lead but with a different diam- 

axis. A point near the axis 
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travels Oil a helix of larger angle than one near the periphery, hence 
the clearance should be greater nearer the center than at the 
periphery. 

In Fig. 12 Ay By Cy D, E, and 0 represent the cutting edge of a 
drill. As the drill makes one revolution, the cutting edge moves 
forward the depth of feed. Line AM represents the feed, and MO 



Fig. 12. — Varying Clearance Angle of Drill Point 


the circumference of the driU. Angle AOM asepresents the helix 
angle of the helix over which point A travels, and also represents 
the minimum lip-clearance angle at point A for this feed. 

For point E, the feed is still the same, but the circumference SO 
is much smaller, and the helix angle EOS is much greater. Thus 
the clearance angle ground on the lip should be greater nearer the 
center than at the periphery. 



Many attempts have been made to sharpen twist drills with this 
theoretically correct clearance. One way would be to revolve the 
drill on its axis and reciprocate it with a cam, so that every point 
of the lip followed its proper helix. In practice this weakens the 
chisel edge, unless compensating motions are used. 
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The most practical way to obtain this drill point clearance is 
to use a type of machine which grinds a segment of a cone, as in 

Fig. 13, about an axis . 4 ^ which is at 
an angle to both the drill lip MF and 
tlie axis of the drill CD. iS:is IB is 
also a slight amount above the drill 
axis. When one lip is ground, the 
drill must be removed and the other 
lip placed in position for grinding. 
Here points near the center of the drill 
oscillate about shorter arcs and re- 
ceive more clearance than points near 
the periphery. 

A similar type of point formed in a 
slightly different manner is shown in 
Fig. 14. Here the lip clearance is 
generated as a segment of a cone in a 
different way by revolving the drill 
-Another Method ^-bout axis MN. This axis is at an 
^ angle to drill axis PQ and is also offset 
below the drill axis. Rotation about axis MNj while the point is 



Fig. 



Fig, i5.”-Nine Useful Drill Points 


held against a grinding wheel, causes the lip clearance to assume the 
shape of the cone i£ 5 r. 
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Kiros OF BRILL POINTS 

Nine kinds of drill points in common use are shown in Fig. 15. 
All have been developed for the purpose named, A point angle of 
118 degrees included, or 59 degrees on a side, has been standardized 
for general work. This point works well in most grades of carbon 
and alloy steels. 

The thinned web point is used when the drill has become so 
shortened by use that the web is too thick for economical drilling. 
The thinning is done on a round-faced wheel. Care must be taken 
to see that the web remains central. Thinning of the web reduces 
the thrust load on the drill point. 

The flat point is often of advantage in drilling hard or tough 
materials. An angle of about 140 degrees included is used. For 
drilling manganese rails this point is often used with a drill length 
about one-half the regular. A point haying an included angle of 
125 to 130 degrees is used to drill heat-treated steels, such as drop 
forgings, etc., having Brinell hardness of 228 and higher. 

The reduced rake point is used also for drilling hard materials. 
It is made by grinding off the sharp angles of the cutting edges to 
form a rake at the immediate point of o degree. It is also used in 
drilling soft materials like brass, where the regular point has a 
tendency to hog in or “grab.^' ' 

The long point is used in drilling wood, bakelite, hard rubber, and 
' fiber. It is also recommended for materials like very soft cast iron. 
For molded plastics some use 60 degrees with wide, polished flutes. 

The double-angle point has great endurance for fast drilling of 
cast iron and in very hard chilled iron where excessive wear on the 
corners of normal points occurs. Beveling the corner also helps 
eliminate the revolution marks left by the drill in a hole. Some 
claim that beveling the corner adds 200 to 300 per cent to the life 
of the drill on some jobs. 

The spur point is well adapted to machine drilling of wood and 
has been used for years on carpenter’s auger bits and the Hke. Its 
advantage lies in the center prong, which locates and guides the 
drill, and m the two peripheral spurs, which cut the sides of the hole 
true with a knifelike cut. 

The crankshaft, or notched, point is most often used on special 
crankshaft drills. These drills have a very heavy web and are 
long in relation to their diameters. They are used in the auto- 
motive field for drilling oil holes in crankshafts and connecting rods. 
The point is produced by notching off the heels on a sharp-cornered 
wheel. 

The percussion point has been developed and patented for use on 
a special drill for stone, concrete, or brick. It is much more 
efficient than a star drill and can be used by hand, in an electric 
drill, or in an air hammer. The point is produced by grinding 
on the flat side of a wheel. ^ ^ ^ ^ ^ ^ 

BRILLmO SPEEDS AND FEEDS 

The following recommended speeds and feeds should be considered 
as guides only, owing to the variations in materials, methods, and 
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other operating conditions. The correct speeds and feeds must be 
determined by sound judgment for each particular case. 

Feeds are governed by the size of the drill and the material 
drilled. The general rule is to use a feed of o.ooi to 0.002 inch per 
revolution for drills smaller than J inch; 0.002 to 0.004 ii^ch for drills 
I to I inch; 0,004 to G.007 inch for drills J to J inch; 0.007 to 0.015 
inch for drills | to i inch; and 0.015 to 0.025 inch for drills larger 
than I inch. Alloy and hard steels should generally be drilled at a 
lighter feed than given above, while cast iron, brass, and aluminum 
may usually be drilled with a heavier feed. 

A drill split up the web is evidence of too much feed or insufficient 
lip clearance at the center due to improper grinding. The rapid 
wearing away of the extreme outer corners of the cutting edges 
indicates that the speed is too high. The best results will be 
obtained when the effect of the work on the tool is somewhere 
between the above conditions. A drill chipping or breaking out 
at the cutting edges indicates that either the feed is too heavy or 
the drill has been ground with too much Hp clearance. Drill 
troubles are tabulated on page 128. 

Table i. — Suggested Speeds pop High-Speed Drills 

Speed in Feet 
PER Minute 


Mild machinery steel’, 0.2 to 0.3 % carbon. ....... 80 to no 

Steel, 0.4 to 0.5 % carbon. 70 to So 

Tool steeb 1.2 % carbon SO to 60 

Steel forgings SO to 60 

Alloy steel 50 to 70 

Stainless steel. 30 to 40 

Soft cast iron 100 to 150 

Hard chilled cast iron 70 to 100 

Malleable iron. 80 to 90 

Ordinary brass and bronze 200 to 300 

High-tensile bronze 70 to 150 

Monel metal 40 to so 

Slate, marble, and stone IS to 25 

Aluminum and its alloys. 200 to 300 

Magnesium and its alloys, 250 to 400 

Bakelite. . 100 to 150 

Wood ' 300 to 400 


Carbon drills should be run at speeds of from 40 to So per cent of those 
given above. 

LUBRICANTS OR CUTTING COMPOUNDS 

To maintain the recommended speeds and feeds it will be neces- 
sary to use some good cutting compound. The following are 
recommended in the order named: 

Hard and refractory steel — turpentine, kerosene, soluble oil. 

Soft steel and wrought iron — ^lard oil, soluble oil. 

Malleable iron-^oda water. 

Brass — ^dry. 

Aluminum and soft alloys — ^kerosene, soda water. 

Cast iron~-dry or with a jet of compressed air for a cooling 
medium. 

The above recommendations for lubricants apply equally well 
to carbon or high-speed drills. 
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A drill tempered to give maximum results drilling hard steel, 
might be too brittle to work well in softer and tougher materials. 
The commercial twist drill is tempered for either hard or soft 
material. Variations in the hardness of the material drilled should, 
of course, be met by the skilled operator with changes in the speed 
and feed. 

Insufficient speed in drilling small holes with hand feed greatly 
increases the risk of breakage, especially at the moment the point 
of the drill is breaking through the farther side of the work. This 
is due to the operator’s inability correctly to gage the feed when 
the drills are running too slow. 

High speeds and light feeds are especially recommended for 
automatic machines where holes do not exceed four diameters of 
the drill in depth. For holes deeper than four diameters an oil 
hole or oil-tube drill wiU often be found advantageous. 



Fig. 16 Fig. 17 

Figs. 16 and 17. — Thinning the Web 


Nothing will ‘‘check” a high-speed drill quicker than to" turn a 
stream of cold water on it after it has become heated working in a 
hole. It is equally bad to plunge it in cold water after the point 
has been heated in grinding. The small checks or cracks resulting 
from the above practice will eventually chip out and cause rapid 
wear or breakage. 

Drills that are properly hardened and pointed and run at moder- 
ate speeds and feeds are often condemned on account of breakage 
when the trouble rightly should be charged to the drilling machine. 
If there is any spring or play between the upper part of the machine 
and the table, the drill will not begin to cut until the feed pressure 
has taken this up, after which the feed will be practically constant 
until the; point of the drill breaks through. As this happens, the 
resistance to the penetration of the drill is abruptly reduced and it 
“hogs in.” This causes a great increase in torsional strain which 
frequently breaks the drill. 

Any movement of the table with reference to the upper part 
of the machine during the drilling of a hole throws the spindle out 
of alignment with the hole and bends or cramps the drill, which 
often causes it to break. 

Maximum results as far as ease of penetration and wear are 
concerned may best be obtained by thinning the web as the drill 
is; worn back. This operation may be done in several ways 
Figure 16 illustrates the method commonly used. In this case the 
thinmng is done with a round-faced emery wheel. The results 
obtained are shown in Fig. 17. 
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Bkilling Trotjbles, Causes and Remedies 


Symptoms 

Probable Cause 

Remedy 

Breaking of drill 

Spring or back lash in 
press or work 

Too little lip clearance 
Too low speed in pro- 
portion to the feed 
Flutes full of chips 

Dull drill 

Test press and work for 
rigidity and alignment 
Regrind properly 

Increase speed or de- 
crease feed 

Sharpen drill 

Breaking down of outer 
corners of cutting 
edges 

Material being drilled 
has hard spots, scale, or 
sand inclusions 

Too much speed 
Improper cutting com- 
pound ^ 

No lubricant at point of 
drill 

Reduce speed 

Use proper cutting com- 
pound and correct ap- 
plication 

Breaking of drill when 
drilling brass or wood 

Chips clog up flutes 

Increase speed 

Use drills designed for 
these materials 

Broken tang 

Imperfect fit of taper 
shank in the socket — 
due to nicks, dirt, burrs 

1 or worn-out socket 

Get a new socket or 
ream old one to pre\’ent 
recurrence . 

Chipping of margin 

Oversize jig bushing 

Use proper size bushing 

Chipping of lip or cut- 
ting edges 

Too much feed 

Too much lip clearance 

Reduce feed — see table 
on page 126. Regrind 
properly 

Chipping or checking of 
a high-speed drill 

Heated and cooled too 
quickly while grinding 
or while drilling 

Too much feed 

Warm slowly before us- 
1 . iug 

Do not throw cold water 
on hot driU_^ while grind- 
ing or drilling 

Reduce feed 

Change in character of 
chips while drilling 

Change in condition of 
the drill such as chip- 
ping of ^ cutting edge, 
and dulling. 

Regrind drill properly 

Hole too large 

Unequal angle or length 
of the cutting edges — 
or both. Loose spindle 

Regrind properly 

Test spindle for rigidity 

Only one lip cutting or 
one large, one small; 
chip 

Unequal length or angle 
of cutting Ups or both 

Regrind drill properly 

Splitting up center 

Too little lin clearance 
Too much feed 

Regrind with proper lip 
clearance 

Reduce feed 

Rough hole 

Dull or imp r o p e rl y 
ground drill. Lack of 
lubricant or wrong lu- 
bricant 

Improper set-up 

Too much feed 

Regrind properly 
Lubricate or change lu- 
bricant 

Redtice feed 
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types of special twist drills AJTO their irSES 

While the ordinary twist drill can handle the great majority of 
drilling jobs, special circumstances may require the designing of a 
new type of drill. Some of these special tools are listed below and 
shown in Fig. 18. 

Tiiree and Four -Fluted Drills. — Not adai^ted to drill holes from the solid 
but used to enlarge cored, punched, or previously drilled holes. Sometimes 
used in place of roughing reamers. . . * 

Combination Tools. — Any combination of rotary cutting tools, such as 
drill and reamer; drill and countersink; step drill of several diameters; drill, 
reamer, countersink, etc. 

Shell Drills.-— Used for the same purpose as three or four-fluted drills. 
Made with tapered hole and fit on an arbor. One size of arbor will hold a 
large range of shell drills, 

Oil-Hole Drills. — Used mostly in screw-machine or turret-lathe work for 
drilling deep holes. Have one or two oil holes running from the shank to the 
cutting point, and oil may be forced through these holes for lubrication. 

Oil -Tube Drills. — Have oil tubes sunk in grooves cut in the lands of the 
drill instead of oil holes. 

Straight Fluted Drill. — These have two straight flutes running parallel 
to the axis. They are well adapted for brass, copper, or other soft metals, 
as they will not run ahead or grab. Formerly called Parmer drill. 

Dual-Cut Drills.— Two- or three-step combination drills with the lands 
of the small diameter ground to size for the full length of the flutes. 

High-Helix Drills.— Has a helix angle of about 40 degrees. Developed 
for the drilling of slate and marble. Also useful in drilling deep holes in 
aluminum, majgnesium, wood, copper, and fiber. 

Bakelite Drills. — Has a wide, polished flute adapted for use in bakelite, 
fiber, and hard rubber. Generally made of high-speed steel to resist 
abrasion. 

Stove-Burner Drill. — Has a very short flute for great strength. Well 
adapted for drilling short holes in quantity. 

Brass Drills. — Usually carbon steel with special shape. Superior to 
regular drills for brass work. Also satisfactory for magnesium alloys. 

Crankshaft Drills. — ^ecially designed for oil-hole drilling in crankshafts 
and connecting rods. Do not often exceed 60 diameters in length. Have 
heavy webs and must be pointed as shown in Fig. 15. Drill must be with- 
drawn frequently in deep-hole drilling. 

Flat-Track Drills. — Forged flat and have a special point milled on the end. 

Manganese Drills. — Developed for drilHng work-hardening manganese 
steels. They are short and stubby with a heavy cross section and thick web. 
Slow speed and a heavy power feed are recommended. 

Bonding Drills.— ;;-Designed and tempered for drilling holes for bonding 
wires in track-circuit signal work. Shorter and heavier than regular drills. 

Bobbin Bit. — Developed for the drilling of deep holes in wood. Its chip- 
clearing ability makes it useful in drilling celluloid. 

Spoon Bit. — For drilling: stacked layers of paper, cardboard, or thin wood. 
Has a crescent-moon section with sharp edges. They remove a central core 
of the material. 

Tube Drill. — For drilling holes in paper or cardboard. Similar to spoon 
bit in action. The hollow tube with sharpened ends removes a solid core. 

Router Bits. — Made in an endless variety of styles and shapes. Widely 
used in wood-carving and engraving machines. 

Glass Drills. — At least three ways of drilling holes in glass are in use. 
In one method a three-cornered file has its point ground oflf smooth and is 
rotated in a drill press. Another method is to use a copper tube of the 
con-ect diameter and apply plenty of abrasive powder to its cutting end. A 
solid copper rod may be substituted for the tube but is much slower. Liberal 
application of turpentine must be made in all cases. See Fig. 18. 

Flat Drills. — The flat drill is well adapted for very small sizes. They are 
sold in diameters as small as 0.002 inch. These tools are mostly used by 
jewelers and watchmakers, in sizes smaller than 0.010". 

Hollow Drill. — Especially adapted for horizontal screw machine use in 
drilling deep holes, such as gun barrels. The drill is provided with a threaded 
shank, A hole through this shank runs into the flutes. The drill is screwed 
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THREE-FLUTED DRILL 



■e 




SHELL DRILL 


OIL HOLE DRILL 

==t^^= 


COMBINATION DRILL 


OIL TUBE DRILL 




HIGH HELIX DRILL 


IS 




BRASS DRILL 






STRAIGHT FLUTED OR 
FARMERS DRILL 


CE 


DUAL CUT DRILL 


C 




STOVE BURNER DRILL 


BAKELITE DRILL 


‘A 


BOBBIN BIT 




IlsS>3 


MANGANESE DRILL 


CRANKSHAFT 

DRILL TUBE DRILL 


BONDING DRILL 


ROUTER BIT 




FLAT TRACK DRILL 


C 




SPOON BIT 


SECTION X-X 






GUN DRILL TIP 

2o^S£y£L SAW cars must be 

miDEOF POUNDED, NO 
HOLES SH ARP CORNEljS 


% 

60^ 


0 . 250 ^ 
02 ^\ 
SECTION A-A 



HOLLOW DRILL 




FLAT DRILL 

Fig. iS."— D rills for Various Purposes 
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Table 3.— Cutting Speeds 
Fraction and Letter Size Brills 


Ft. 

per 

Min. 

Diam- 

eter, 

In. 

30 

i 

i 

40 

j. 59 

60 

i 

70 

80 

90 

100 

no 

120 

130 

1 

140 

^SO 

Revolutions per Minute 

■■ 

1,833 

2,445 

3,056 

3,667 

4,278 

4,889 

5,500 

6,iii 

6,722 

7,334 

7,945 

'8,556 

9,167 

1 

917 

1,222 

1,528 

1,833 

2,139 

2,445 

2,750 

3,056 

3,361 

3,667 

3,973 

4,278! 

4,584 


611 

81S 

1,019 

1,222 

1,426 

1,630 

1,833 

2,037 

2,241 

2,445 

2,648 

2,852 

3,056 

i 

1 458 

611 

i 764 

917 

1,070 

1,222 

1,375 

1,528 

1,681 

1,833 

1,986! 

2,139 

2,292 

A 

367 

489 

611 

733 

856 

978 

1,100 

1,222 

1,345 

1.467 

1,589 

1,711 

1,833 

1 

306 

407 

509 

61 1 

713 

815 

917 

1,019 

1,120 

1,222 

1,324 

1,426 

1,528 

A 

262 

349 

437 

524 

61 1 

698 

786 

873 

960 

1,048 

1,135 

1,222 

1,310 


229 

306 

382 

458 

535 

61I 

688 

764 

840 

917 

993 

1,070 

1,146 

i 

183 

244 

306 

367 

428 

489 

550 

611 

672 

733 

794 

856 

917 

f 

IS 3 

203 

255 

306, 

357 

407 

458 

509 

S6o 

611 

662 

713 

764 


131 

175 

218 

262 

306 

349 

393 

436 

480 

524 

568 

611 

655 

1 

IIS 

153 

191 

229! 

267 

306 

344 

382 

420 

458 

497 

535 

573 

i| 

102 

139 

170 

204 

238 

272 

306 

340 

373 

407 

441 

475 

509 

li 

1 92 

122 

153 

183 

214 

244 

275 

306 

336 

367 

397 

428 

458 


83 

III 

.I 39 i 

167 

194 

222 

250 

278 

306 

333 

361 

389 

417 

i| 

' 76 

102 

",127.1 

153 

178 

204 

229 

255 

280 

306 

331 

357 

382 

if 

70 

94 

Il 7 i 

141 

I6S 

188 

212 

235 

259 

282 

306 

329 

353 

i| 

6S 

87 

109 

131 

153 

175 

196 

218 

240 

262 

284 

306 

327 


6l 

81 

102 

122 

143 

163 

183 

204 

224 

244 

26s 

28s 

306 

2 

57 

76 

95 

IIS 

134 

153 

172 

191 

210 

229 

248 

267 

287 

■ 2i 

SI 

68 

85 

102 

I19 

136 

153 

170 

187 

204 

221 

238 

255 

2| 

46 

6i 

76 

92 

107 

1221 

137 

153 

168 

183 

109 

214 

229 

2| 

42 

S6 

69 

83 

97 

III 

125 

139 

153 

167 

I8I 

194 

20S 

3 . 

38 

. SI' 

64 

70 

89 

102 

IIS 

127 

140 

153 

166 

178 

191 

A 

491 

954 

818 

982 

1,14s 

1,309 

1,472 

1,636 

1,796 

1,959 

2,122 

2,28s 

2,448 

B 

484 

642 

803 

963 

1,124 

1,284 

1 , 4-15 

i,66s 

1,76s 

1,926 

2,086 

2,247 

2,407 

C 

. 473 

631 

789 

947 

1,105 

1,262 

1,420 

1,578 

1 , 7.36 

1,894 

2,052 

2,210 

2,368 

D 

497 

622 

778 

934 

1,089 

1,24s 

1,400 

1,556 

1,708 

1,863 

2,018 

2,174 

2,329 

E 

458 

61 1 

764 

917 

1,070 

1,222 

1,375 

1,528 

1,681 

1,834 

1,968 

2,139 

2,292 

F 

446 

594 

743 

892 

1,040 

1,189 

1,337 

1,486 

1,63s 

1,784 

1,932 

2,081 

2,229 

G 

440 

58s 

732 

878 

1,024 

1,170 

1,317 

1,463 

1,610 

1,756 

1,903 

2,049 

2.19s 

H 

430 

574 

718 

862 

1,005 

1,149 

1,292 

1,436 

l,S8o 

1,723 

1,867 

2,010 

2,154 

I 

421 

562 

702 

842 

983 

1,123 

1,264 

1,404 

1,545 

1,68s 

1,826 

1,966 

2,106 

J 

414 

552 

690 

827 

965 

1,103 

1,241 

1,379 

1,517 

I,6SS 

1,793 

1,930 

2,068 

K 

408 

544 

680 

81S 

951 

1,087 

1,223 

1,359 

1,495 

1,631 

1,767 

1,903 

2,039 

L 

395 

527 

659 

790 

922 

1,054 

I,i8s 

1,317 

1,449 

1,581 

1,712 

1,844 

1,976 

M 

389 

518 

648 

777 

907 

1,036 

1,166 

1,29s 

1,424 

1,554 

1,683 

1,813 

1,942 

N 

380 

S06 

633 

759 

886 

1,012 

1,139 

1,265 

1,391 

l,Si8 

1,644 

1,771 

1,897 

0 

363 

484 

605 

72s 

846 

967 

1,088 

1,209 

1,330 

1,450 

I.571 

1,692 

1,813 

P 

■ 355 

473 

592 

710 

828 

946 

1,065 

1,183 

1,301 

1,419 

1,537 

1, 657 

1,774 

§ 

345 

460 

575 

690 

80s 

920 

1,035 

1,150 

1,266 

1,384 

1,496 

i,6ii 

1,726 

R 

338 

451 

564 

676 

789 

902 

1,014 

1,127 

1,239 

1,355 

1,465 

1^577 

1,690 

S 

329 

439 

549 

659 

769 

878 

988 

1,098 

1,207 

1,317 

1,427 

1,537 

1,646 

T 

320 

426 

533 

640 

746 

853 

959 

1,066 

1,173 

1,280 

1,387 

1,494 

1,600 

U 

311 

41S 

S19 

623 

727 

830 

934 

1,038 

1,142 

1,246 

1,349 

1,453 

1,557 

V 

304 

40s 

S07 

608 

709 

810 

912 

1,013 

1,114 

1,219 

1,317 

1,418 

1,520 

w 

297 

396 

495 

594 

693 

792 

891 

989 

1,088 

1,188 

1,286 

1,38s 

1,484 

X 

289 

38s 

481 

576 

672 

769 

86s 

962 

1,058 

1,155 

I, 2 SI 

1,347 

1,443 

Y 

284 

378 

473 

567 

662 

7 S 6 

851 

945 

1,040 

1,135 

1,229 

1,324 

1,418 

z 

277 

370 

462 

555 

647 

740 

S32 

92s 

1,017 

I,IIO 

1,202 

1,29s 

1.387 
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Table 4. — Speeds and Feeds eor Drills op High-Speed Steel 
IN Various Metals with a Suitable Coolant 



ir-. V-. 0) tJO 

o d <U h 


Ft. per 

Ivlin. 

300 

SO 

140 

60 

120 

90 

40 

80 

In. 


In, 




R.P.] 

\L 





0. 

0030 

18,320 

3.056 

8.554 

3,667 

7,328 

5,500 

2,445 

4,889 

■is 

0. 

003s 

12,212 

2,038 

5,702 

2,442 

4,884 

3,666 

1,628 

3,258 

1 

0. 

0040 

9,160 

1,528 

4,278 

1,833 

3.667 

2,750 

1,222 

2,445 

■h 

0. 

0045 

7>328 

1,221 

3,420 

1,46s 

2,934 

2,198 

976 

I. 9 S 4 


0. 

0050 

6,106 

1,019 

2.852 

1,222 

2,445 

1,833 

81S 

1,630 

■h 

0. 

ooss 

5,234 

§7 2 

2 , 444 ' 

1,047 

2,094 

1,570 

698 

1,396 


0, 

0060 

4,575 

764 

2,139 

917 

1.833 

1,375 

611 

1,222 

* 

0 

0065 

4,071 

678 

1,900 

814 

1,628 

1,222 

542 

1,084 

A 

0 

0070 

3,660 

61 1 

1,711 

733 

1,467 

1,100 

489 

978 


0 

0075 

3,330 

sss 

1,554 

666 

1,332 

1,000 

444 

888 

i 

0 

0080 

3.050 

509 

1,426 

611 

1,222 

917 

407 

81S 


0 

008s 

2,818 

469 

1,316 

563 

1,126 

846 

376 

7 S 2 


0 

0090 

2,614 

437 

1,222 

524 

1,048 

786 

349 

698 


0 

, 0095 

2.442 

407 

1,140 

488 

976 

732 

326 

652 

i 

0 

.0100 

2,287 

383 

1,070 

458 

917 

688 

306 i 

611 

is 

0 

■ OIOS 

2.03s 

339 

950 

407 

814 

611 

, 271 

543 

f. 

0 

,0110 

1,830 

306 

856 

367 

733 

550 

244 

489 


0. 

. 0 X 15 

1,665 

277 

777 

333 

666 

500 

222 

444 

i 

0 

.0120 

1.52s 

255 

713 

306 

611 ; 

458 

204 

407 


0 

.0125 

1,409 

234 

658 

281 

562 

423 

188 

376 


0 

.0130 

1,307 

2X8 

611 

262 

Hi 

393 

175 

349 

H 

0 

.0135 

1,221 

203 

570 

244 

488 

366 

163 

326 

1 

0 

.0140 

1,143 

191 

535 

229 

458 

344 

153 

306 

li 

0 

.0150 

1,017 

170 

475 

204 

407 

306 

136 

272 

li 

0 

.0160 

915 

153 

428 

183 

367 

275 

122 

244 

if 

6 

.0160 

833 

139 

389 

167 

333 

250 

III 

222 


0 

.0160 

762 

127 

357 

153 

306 

229 

102 

204 

if 

0 

.0160 

70s 

1x8 

329 

141 

282 

212 

94 

188 

If 

0 

.0160 

654 

109 

306 

131 

262 

196 

87 

175 

4 

0 

.0160 

610 

102 

28s 

122 

244 

183 

81 

163 

3 

0 

.0160 

571 

95 

267 

IIS 

229 

172 

76 

I S 3 


Sfagger nick grooves 
s for chip breaking 


.6rind back taper 




Faces A must be t 
concentric witti / 

0. D. within O.OOf" I 

Chisel point must be 
exactly on <b ofdrilt 



'Polish face of two f fates for 
free movement of chips 

Fig. i8a.*“A Two-Lip Gun 
Drill Gives Production Three 
Times Faster than the Conven- 
tional Tool When Drilling Forged 
Barrels. 
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to the end of a substantial pipe. The work is generally rotated and 
lubricant is forced through the, pipe to the cutting lips. Not made in sizes 
smaller than inch. 

Gun-Drill Tip.*— The gun-drill tip is used almost exclusively for drilling 
long small-diameter holes, such as rifie barrels. The tool is fastened to the 
end of a long hollow rod, and the w'orlt is rotated. Lubricant is forced 
through the rod to the drill tip._ The tip is of round section with a deep 
V groove milled parallel to its axis. 


Table 5. — Thrust Loads ok Twist Drills* 


Diameter 
of Drill, Inches 

Feed per 
Revolution 

Thrust, i: 

Cast Iron 

n Pounds 

Steel 

K ■■■ 

0.004 


130 

■h 

0.004s 


i8s 

■is 

0.00s 


24s 

i 

0.006 


380 


0.008 


550 

i 

0.010 

200 

750 

1 

O.OII 

27 S 

1000 

1 

0.012 

325 

1275 

1 

0.013 

400 

1590 

I ' 

0.014 

SOO 

1910 


0.016 

700 

2650 

li 

0.016 

8so 

1 

3200 


* Carl J. Oxford, National Twist Drill Sc Tool Co. 


Table 6. -Horse-Power Required eor Drilling* 


Diameter 
of Drill. 
Inches 

Feed per 
Revolution, 
Inches 

Cast Iron 

Steel 

100 

Revolutions 
per Minute 

100 

Surface Feet 
per Minute 

100 

Revolutions 
per Minute 

60 

Surface Feet 
per Minute 

K ■ 

0.004 



0.010 

0.180 

■h 

0.004s 



0.017 

0.240 


0.00s 



. 0.026 

0.310 

i 

0 . 006 



0.050 

0.440 

1 

o.ooS 



0.23 

1-28 

1 ; 

0.010 

0.26 

1.60 

0.34 

1. 6 s 

I 

O.OII 

0 . 40 

2.30 

0.52 

1 .90 

■■■■■■ i 

0.012 

0.59 

2.90 

0.77 

2 .35 

" ■; 

0.013 

0.80 

3.44 

1.06 

2.78 

I 

0.014 

1 .06 

1 4.02 

1.40 

3.20 

li. ■ 

0.016 

1.83 

1 S-S8 

2.42 

4.43 

' 

0.016 

2.44 

6.10 ■ 

3.22 

S.oo 


* Carl J. Oxford, National Twist Drill & Tool Co. 


SMALL FLAT DRILLS 

Flat drills are used for very small holes such as 0.002 in. One 
maker, the Grobet File Corporation of America lists them as 
follows: 
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Grobet High-Speed Steel Flat Drills 


Leiii^ii Over All, 
m Inches 

Diameter Shank, 
in Inches 

Diameter Cutting Blade, 
in Inches 



0.040 

0.002 


rl 

0.040 

0.002s 



0.040 

j 0.003 


rl 

0.040 

0 . 003 S 


rl 

0.040 

0 .004 



0.040 

0.004s to 0.00s 


-1 

0.040 

0.0055 to 0.008 


rl 

0.040 

0.0085 to 0.014 



0.040 

0.014s to 0.020 


rl 

0 - 040 

0 .0205 to 0 .025 


I 

0.040 

0.0255 to 0.030 


il 

0.060 

0 .030s to 0.040 



0.060 

0.040s to 0.055 

i 


0.070 

0 . 0555 to 0.06s 

1 


0 . 083 

0 ,0655 to 0 .080 


The length of the drill blade is about five times its diameter. 

To get the best results, the cutting and clearance angles of the 
drills vary according to the metal in which the holes are to be drilled. 
It is important to specify the kind of material on which the drills 
will be used. The speed at which the drills can be used varies 
according to the hardness of the metal. On soft metal, like brass, a 
speed of 20,000 revolutions per minute is possible, but on very hard 
steel, such as nickel-chrome steel, the maximum speed is 2,000 
revolutions per minute. However, when extremely small drills, 
0.002 to 0.010 inch, are used, the speed should be reduced even 
further. 

Drilling Armor Plate 

Use included point angle 135 to 140 deg.; clearance angle of 6 to 9 
deg. at periphery ; chisel point angle of 115 to 125 deg. For shallow 
holes use 40 to 50 surface feet per minute, for deeper holes reduce 
speeds. Use feeds about 15 to 25 per cent less than for ordinary 
materials. 

Example. — A xf-inch drill at 40 surface feet per minute with 
feed of 0.010 inch per revolution. This drill should run 163 revolu- 
tions per minute. For 50 feet per minute, the speed would be 203 
revolutions per minute. See the table on page 134. For coolant 
use rich mixture (8 or 10 to i) of soluble oil or good sulphurized 
cutting oil. If one side is harder than the other, drill the hard side 
first.. 

Small Twist Drills 

Twist drills are made from 0.015^ to 0.040 inch in diameter. 
Being long in proportion to their diameter, they are subject to 
defiection and must be handled very carefully. The web, or center 
section, is much thicker in proportion to diameter than that^ of 
larger drills. This reduces chip space and requires more feeding 
pressure. They frequently drill comparatively deep holes and 
must be cleared more often than larger drills. 

Speeds and feeds must be carefully selected. The drills must be 
guided to minimize defiection and must be kept sharp. 
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Table 7 .-— Diameters and Areas oe Small Drills ^ 
Number, Letter, Metric, and Fractional .Drills in Order of Size 


Number | 

Letter 

Metric, 

Mm. 

Fraction 

Diameter, 

In. 

Area, 

Sq. In. 

Number 


Metric, 

Mm. 

Fraction 

Diameter, 

In. 

go" 



0. 100 


0.003900 

0.O000119 



1.450 


0.057000 

0.0025440 



O.ISO 


0.005900 

0.0000273 



1 .500 


0 .059000 

0.0027390 



G.200 


0.007800 

0.0000477 

53 




0.059500 

O.QO278IO 



0.250 


0.009800 

0.0000753 



1.550 


0.061000 

0.0029210 



0.300 


0,011800 

0.0001091 




iV 

0.062500 

0 , 0030680 

80 




0.013500 

0.0001429 



1.600 


0.062990 

0.0031160 



0.350 


[0. 013700 

0.0001468 

52 




0.063500 

0.0031670 

79 




0.014500 

0.0001650 



1.650 


0 . 064900 

0 . 0033060 




it 

0.015620 

0.0001920 



1.700 


0.066920 

0.0035180 



0.400 


0.015740 

0.0001950 

51 




0.067000 

0 . 0035260 

78 




0.016060 

0-0002010 



1.750 


0.068800 

0.0037140 



0.450 


0.017700 

0.0002450 

SO 




0 . 070000 

0 . 0038480 

77 




0.018000 

0.0002540 



1. 800 


0.070860 

0.0039440 



0.500 


0.019680 

0.0003040 



1.850 


0.072800 

0 . 0041620 

76 




0.020000 

0.0003140 

49 




0,073000 

0.0041850 

75 




0.021000 

0.0003460 



1.900 


0.074800 

0 . 0043940 



0.550 


0.021600 

0.0003650 

48 


i 


0.076000 

0.0045360 

74 




0.022500 

0.0003980 



1.950 


0,076700 

0.0046x80 



0.600 


0,023620 

0.0004380 





0.078120 

0.0047940 

73 




0.024000 

0.0004520 

47 




0.078500 

0.0048400 

72 




0.025000 

0.0004910 



2.000 


0.078740 

0 . 0048690 



0.650 


0.025500 

0.0005100 



2.050 


0.080700 

0.0051120 

71 




0.0260001 

0.0005310 

46 i 




0.081000 

0.0051530 



0.700 


0.027560 

0.0005970 

45 




0,082000 

0.0052810 

70 




0.028000 

0.0006160 



2.100 


0,082670 

0.0053690 

69 




0.029250 

0.0006720 



2.150 


0.0^600 

0.0056150 



0.750 


0.029500 

0.0006830 

44 




0.086000 

0.0058090 

68 




0.031000 

0,0007550 

i 


2.200 


0.086610 

0.0058920 





0.031250 

0.0007670 



2.250 


0.088500 

0.0061490 



0 . 800 


0.031490 

0.0007790 

43 




0.089000 

0.0062210 

67 




0.032000 

0.0008040 



2.300! 


0.090550 

0 . 0064400 

66 




0,033000 

0.0008550 



2.35 ! 


0.092500 

0,0067150 



0.850 


O'. 033400 

0.0008710 

42 




0.0935001 

0.0068600 

6S 




0.035000 

0.0009620 



. 


0.093750 

0.0069030 



0.900 


0.035430 

0.0009860 



2.400 


0.094480 

0.0070120 

64 




0.036000 

0.0010180 

41 

i 



0.096000 

0.0072380 

63 




0.037000 

0.0010750 



2.4s 


0.096400 

0.0072960 



0.950 


0.037400 

0.0010910 

40 




0.098000 

0.0075430 

62 




0.038000 

0.00 I I 340 



2.50 


0.098420 

0.0076090 

61 




0 . 039000 

0 . 00 II 9 S 0 

39 




0.099560 

0.0077760 



1,000 


0.039370 

0.0012170 

38 

J 



0,101500 

0.0080910 

60 




0.040000 

0.0012570 



2.60 


0 . 102360 

O.O0S2290 

59 




0.04IOGO 

0.0013200 

1 37 




0.104000 

0.0084900 



o.ios 


0.041300 

0.0013510 



2.70 


0.106300 

0.0088750 

58 




0.042000 

0.0013850 

36 




0.106500 

0.0089080 

:S7 




0.043000 

0.0014520 



2.75 


0.108200 

0.0091890 



1.100 


0.043300 

0.0014730 




it 

0.109370 

0 . 0093960 



1.150 


0.045200 

0.0016100 

35 




O.IIOOOO 

0 . 0095030 

56 




0 . 046500 

0.0016980 



2.80 


0.110240 

0.0095440 




it 

0.046870 

0.0017260 

34 




O.IIIOOO 

0.0096770 



1.200 


0.047240 

0.0017530 

33 




0. 1 13000 

0,0100290 



1 . 250 


0 . 049200 

0.0019000 



2.90 


0.114170 

0.0102380 



1,300 


0,0s II 81 

0,0020570 

32 




0. I 16000 

0.0105680 

55 




0.052000 

0.0021240 



3*00 


0. 1181 10 

0.0109590 



1 .350 


0. 053100 

0 . 0022060 

31 




0.120000 

0.0113100 

54 




0.055000 

0. 0023760! 



3.10 


0.1220SO 

0.0116990 



1.400 


0.055100 

0.0023860! 




i 

0,125000 

0.0122720 
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Table 7. — Diameters and Areas of Small Drills.— 

Number, Letter, Metric, and Fractional Drills in Order of Size 


Number 

Letter 

Metric, 

Mm. 

§ 

S 

a 

Diameter 

In. 

• 

Area, 

Sq. In. 

Number 

Letter 

Metric, 

Mm. 

d 

0 

S 

0 

cS 

Diameter 

In. 

Area, 

Sq. In. 



5.20 

( 

>.125980 < 

>.0124660 

4 




> . 209000 ( 

>.0343070 



5.2s 

( 

>.127900 < 

>.0128020 



3.400 


>.212600 < 

> . 0354990 

30 



< 

>.128500 < 

>.0129690 

3 




>.213000 ( 

>.0356330 



J.30 


>.129920 i 

>.0132570 



5.500 


>. 216540 < 

>. 0368250 



J.40 


>.133860 i 

>.0140730 





>. 218750 ( 

0. 0375830 

29 




0.136000 ( 

0.0145270 



5. 600 


>.220470 i 

>.0381770 



3. so 


0.137800 < 

0.0149x30 

2 




>, 221000 < 

>.0383600 

28 




O.I4OSOO ( 

0.0155040 



5-700 


0.224410 ( 

0.0395520 




^ ' 

0.140620 ' 

0.01553x0 



5 - 750 


0.226300 ( 

0.0402430 



3.60 


O.I4173O ' 

0.0157770 

I 




0.228000 < 

0 . 0408280 

27 




0,144000 

0.0162860 



5. 800 


0.228350 ' 

0.0409520 



3.70 


0.145670 

0,0166660 



5. 900 


0.232280 

0.0423770 

26 




0.147000 

0.0169720 


A 



0 . 234000 

0 . 0430050 



3.7s 


0. 147600 

0.017x060 




if 

0.234370 

0.043 1410 

25 




0.149500 

O.OI 7 SS 40 



6.000 


0.236220 

0.0438250 



3.80 


0.149610 

0 . 0 I 7 S 790 


B 



0.238000 

0.0444880 

24 




0.152000 

0.0181460 



6.100 


0.240150 

0.0452990 



3.90 


0 .IS 3 S 40 

0.0185x60 


C 



0.242000 

0.0459960 

23 




0.154000 

0.0186270 



6.200 


0.244x00 

0.0467970 





0,156250 

0.019x750 


D 



0.246000 

0.0475290 

22 




0.157000 

0 . 0 X 93590 



6.250 


0.246060 

0.0475480 



4.00 


0.157480 

0.01947S0 



6.300 


0.248030 

0.0483170 

21 




0.159000 

0.0198560 


E 


f 

0.250000 

0.0490870 

20 




O.161000 

0.0203580 



6.400 


0.251970 

0.0498630 



4.10 


0.161420 

0.0204640 



16.500 


0 . 2 SS 9 I 0 

0.05x4340 



4.2 1 


0.165360 

0.0214740 


F 



0.257000! 

0.0518750 

19 




0.166000 

0.0216420 



j6.6oo 


0.259800 

0.0530280 



4.25 


0.167300 

0.0220560 


G: 



0.261000 

0.0535020 



4.30 


0.169290 

0.0225050 



6.700 


0.263700 

0.0546480 

18 




0.169500 

0.0225650 




H 

0.265600 

0.055412^ 





0,17187s 

0.0232020 



6.750 


0.265700 

o. 0 SS 4 X 4 « 

17 




O.173OOO 

0.0235060 


H 



0.266000 

0.0555720 



4.40 


0.173230 

0.0235680 



6.800 


0.267720 

0.0562910 

16 




0.177000 

0.0246060 



6.900 


0.271650 

0.0579590 



4. SO 


0.177170 

0.0246520 


I 



0.272000 

0.0581070 

IS 




0.180000 

0.0254470 



7.000 


0.275500 

0.0596510 



4.60 


0.181100 

0.0257600 


J 



0.277000 

0.0602630 

14 




0.182000 

0.0260160 



7.100 


0.279500 

0.0613670 

13 




0 . 185000 

0.0268800 


K 



0.281000 

0,0620160 



4.70 


0.185040 

0.0268920 





■ 0.281250 

0.0621260 



4-73 


0.187000 

1 0.0274570 



7. 200 


0.283470 

0.0631080 





: 0.187500 

1 0.0276120 



7.25c 


0.285400 

' 0.0639700 



4. 80 


0.188980 

t 0.0280480 



7.30 c 


0.287400 

► 0.0648740 

15 




0.189000 

> 0.0280550 


I 



0.29000c 

t q .0660520 

I] 




0.1910OC 

1 0.0286520 



, 7.40c 

) 

0.29133c 

) 0.0666630 



4.90 


O.19291C 

> 0.0292290 


M 



0 . 29 SOOC 

1 0.0683490 

IC 

) 



0 .I 93 S 0 C 

> 0.0294070 



7.SOC 

) 

0.29520c 

>0.0684770 

< 

) 



0.19600c 

> 0.0301720 





\ 0 . 29687' 

; 0.0692180 



S.oo 


0.1968SC 

» 0,0304340 



7 . 60c 

) 

0. 29922c 

> 0.0703x50 


5 



0.19900C 

) 0.0311030 


Iv 



0.30200c 

) 0.07163x0 



S.io 


0.20079c 

> 0.0316640 



7 . 70 ( 

> 

0.30314c 

> 0.0721780 


? 



0.20100C 

> 0.03x73x0 



7 . 7 S< 

> 

0 . 30 SI 0 ( 

) 0.0730570 




¥ 

1 0.203I2< 

) 0.0324030 



7 .8 o< 

> 

0.30709c 

) 0.0740650 

< 

S 



0.20400( 

) 0.0326850 



7.90c 

) 

0.31102c 

> 0.0759700 



S ,20 


0.20473c 

) 0.0329180 




"A 

r 0.312SOC 

3 0.0766990 


$ 



0.20SS0( 

> 0.0331681 



8.00c 

) 

0.31496c 

> 0.07791-^0 


S'.iS 


o.2o66o( 

3 0.0335200 


■■ C 

) 


0.31600c 

) 0,0784270 


5.30 


o.2o86o( 

> 0.034196c 





0.31889c 

> 0,0798720 






Number 
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Table 7 . — ^Diameters and Areas oe Small Drills.-— 

Number, Letter, Metric, and Fractional Drills in Order of Size 


Number |j 

Letter 

Metric, 

Mm. 

Fraction 1 1 

Diameter 

In. 

Area, 

Sq In. 

Number 

Letter 

Metric, 

Mm. 

Fraction | 

Diameter 

In. 

Area 

Sq. In. 



i 

8.100 


0 322830 

0.0818560 

! 

I 


■ i 

M 

0.546800 

0.234x200 


P 

8.200 


0.323000 

0.0819400 



14.00 


o.ssiioo 

0.2384400 



8.250 


0.324800 

0.0827810 





0.562500 

0 . 2485000 



8.300 


0.326800 

0.0838650 



14.50 


0.570800 

0.2560400 




n 

0,328120 

0.0845580 





0.578100 

0.2624S00 



8,400 


0,330700 

0.0858980 



15.00 


0.590500 

0.2733900 


0 



0,332000 

0.0865700 





0.593700 

0.2768800 



8.500 


0,334650 

0.0879550 




M 

0 . 609300 

0.2916100 



8.600 


0.338580 

0.0900370 



15.50 


0.610200 

0.2922400 


R 



0.339000 

0.0902590 




1 f 

0.625000 

0 . 3068000 



8.700 


0.342500 

0.0921430 



16.00 


0,629900 

0.311720a 




1'^ 

0.343700 

0.0928060 





0.640600 

0.3223200 



8.750 


0 . 344400 

0,0929120 



16.50 


0.649600 

0.3308100 



8.800 


0 . 346400 

0.0942740 



i 

If 

0.656200 

0.3382400 


S 



0.348000 

0.095x150 



117.00 


0.669200 

0.35x4200 



8.900 


0.350400 

0.0964280 




If 

0,671800 

0.3645400 



9,000 


0.354300 

0.0986070 




if 

0.687500 

0.3712200 


T 



0.358000 

0.1006600 



!i 7 .S 0 


0.688900 

0.3726700 



9. 100 


0.358300 

0.1008110 





0.703100 

0.3882800 




If 

0.359300 

0.1014340 



18.00 


0.708600 

0.3943400 



9 . 200 


0.362200 

b. 1030390 




M 

0.718700 

0.4057400 



9.250 


0.364100 

0.1039860 



x8.so 


0.728300 

0.4165700 



9.300 


0.366100 

0.1052910 





0.734300 

0.4235600 


U: 



0 . 368000 

0.1063620 



19.00 


0.748000 

0.4393500 



9.400 


0.370100 

>0.1075670 




i 

0.750000 

0.4417900 



9.500 


0.374020 

0.1098680 





0.765600 

0.4587500 




1' 

0.375000 

0.1104470 



19. 50 


0.767700 

0.4628300 


V 



0.377000 

0.1116280 




# 

0.781200 

0.4793700 



9.600 


0.377950 

0.1121930 


1 

20.00 


0.787400 

0.4868600 



9.700 


0.381800 

!o. 1145430 





0.796800 

0.4977200 

i 


9.750 

1 

0.383800 

0.1156890 



20.50 


0.807000 

0.5115800 



9.800 


0.385800 

0.1169170 





0.812500 

0.5x84900 


w 


1 

0 . 386000 

!o. 1170210 



21.00 


0.826700 

0.5368500 



9.900 


0.389800 

0.1193x50 




M 

0.828100 

0.5386100 




Ml 

0.390620 

0.1198440 




If 

0.843700! 

0.559x400 



10.00 


0.393700 

0.1217380 



21.50 


0 . 846400 

0 . 562660c 


X 

i 


0,397000 

0. 1237860 




If 

0.859300 

0.5799200 


Y 

1 


0 . 404000 

0. 1281900 



22.00 


0.866100 

0.5892000 




if 

0.406200 

0.1296220 




f 

0.875000 

0.601320c 


Z\ 



0.413000 

0.1339650 



22.50 


0.885800 

0.6162900 



10.50 


0.413300 

0.1342000 




Ml 

0.890600 

0.622970c 




H 

0.421800 

0. 1397200 



23.00 


0.905500 

0 . 6400700 



II. 00 


0.433000 

0.1471800 




ft 

0.906200 

0 . 6450400 




A! 

0.4375001 

0. 1503300 





0.921800 

0 . 6674600 



II. SO 

i 

0.4527001 

0. 1607600 



23 . 50 ! 


0.925100 

0.6722200 




M 

0.453x00 

0, 1612400 





0.937500 

0 . 6902900 




if' 

0.468700! 

0. 1725700 



24.00 


0.944800 

0.701 1900 


12 00 


0.472400 

0.1749000 




li 

0.953x00 

0.7150200 




Ml 

0,484300 

0. 1842500 


1 

24.50 


0.964500 

0.7297900 



12.50 


0, 492100 

0. 190 1400 




If 

0.968700 

0.7370800 




,'i' 

0.500000 

0.1963500 



25.00 


0.984200 

0.7614400 



13 .00 


0. 5 1 1800 ! 

0.2050700 





0.998430 

0.7634500 

' 1 



M 

0.5x5600 

0.2087500 




I.O 

I . 000000 

0,7854000 




if 

0.53X200 

0.2216600 



25.50 


1.003000 

0.79x5200 



13. so 


0.53X400! 

0,2217900 

1 

1 






i 


3 

Feeii ill I nches per Minuie 
Fig. 19. — Speed and Feed Chart for Brills 

CHART FOR ESTIMATING SPEEDS AND FEEDS 
OF DRILLED WORK 

This chart, Fig. 19, is designed to work from the spindle speed of 
the^ drilling machine in even hundreds of revolutions per minute. 
This shows that a f-inch drill running at 600 revolutions per minute 
gives nearly 100 feet per minute cutting speed. With a feed of 
0.015 i^ch per revolution, this would drill 9 inches per minute, as is 
found by following the line of feed per revolution until it meets the 
line of 600 revolutions per minute, then going down to the base 
line. The dotted line shows that to get a feed of 3^ inches per 
minute at the rate of 0.015 revolution, the drill must run 
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about 235 revolutions per minute. All such estimates can easily be 
made by using this chart. 

BRITISH STANDARD TOLERANCES ON POINT 
DIAMETERS OF TWIST DRILLS 

Inches 

Up to and including | inch diam- 
eter....... . +0 . 000 to o . 0005 

Over i inch and up to and includ- 
ing I inch diameter +0 . 000 to o . 0010 

Over I inch and up to and includ- 
ing 2 inches diameter.. +0.000 to 0.0015 

Over 2 inches diameter +0.000 to 0.0020 

Drills for Reamed Holes. — The user should specify driUs to give 
desired reaming allowance. Normally ^ inch is sufficient for 
reaming and is supplied by some makers when the size is not 
specified. 

Taper-Pin Drills. — The Sheffield Twist Drill & Steel Co., Ltd., 
England, make a special high-speed drill for drilling taper-pin holes 
from the solid metal. The drOis are tapered J inch per foot and 
have serrated cutting lips. They are made with both straight and 
taper shanks for ail sizes of taper pins. 

Hardness of Drills.'7-Drill makers contend that a drill should 
never be judged by its hardness when tested with a file. Mere 
hardness is not a gage of its cutting ability. Some drills that may 
seem soft to a fine file give excellent results in actual drilling. 

DRELLmG ON MULTIPLE-SPINDLE MACHINES 

Makers of multiple-drilling machines advise conservative speeds 
and feeds because the failure of a single drill stops production on 
the machine. The National Automatic Tool Company suggests 
starting at 70 feet per minute on cast iron and increasing gradually 
if it seems advisable. In many cases 80 and 90 feet can be used, and 
120 feet has been found possible in a few cases. For steel of the 
1020 class, they start at 60 feet, with 70 and 80 feet a possibility 
under favorable conditions. With alloy steels both hardness and 
toughness affect the speed, and it is sometimes necessary to reduce 
the cutting speed to 50 feet. This refers to high-speed drills. 

Reaming can usually be done at from one-half to two-thirds of 
the drilling speed. Tapping varies from as low as 15 feet in steels 
to as high as 48 feet in cast iron. The size of the tap drill or the 
amount of thread desired affects this materially. . 

Soluble oils and soda compounds are used for drilling, reaming, 
and tapping. Some prefer brushing the taps with lard or mineral 
oil between operations as this removes the chips. With multiple 
tapping, however, this takes time, and a flood of lubricant is 
generally used. 

Cast iron is drilled dry. In tapping, an oil is usually brushed on 
the taps. Aluminum and brass are drifled and tapped dry or with 
kerosene or soluble oil as a lubricant. When in doubt use a 
lubricant. 
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Table 9, — ^Table of Deill Sizes for Taper Pins 


Drill Sizes for Taper Pins 

No. 
of Pin 

L 

D 

d 

ifl 

ine 

xame gives rne arm sizes lor 






taper pins ranging in lengths by i 
inch from No- o, f inch long, to No. 

7 

JF 

tI" 

0 . 409" 

0 .3829" 

f; 

10, 6 inches long. The diameter of ; 

7 

0 . 409" 

0*3777'' 

the small end of the pin for each 

7 


0.3725" 

0.3673" 

0.3621" 
0 . 3569" 


length is given in the fourth column 

7 

2 i" 
2 |" 
2 |" 
3 " 
3i" 

0 . 409" 

X. 

with the drill size in the fifth column. 


Il/- 

Radius of rounded ends varies from 

7 

0 * 409" 

If/# 

i to 2 diameters of pin, usually 
measured at the large end. 

7 

7 

7 

0 . 409" 
0 . 409" 

0.3517" 

0.3465" 

0 . 3413 " 

i; 





• 

7 

3i" 

3i" 

li" 

0.409" 

0.3361" 

M" 

D 


H 

7 

8 

8 

0 . 492" 

0.3309" 
0.466 " 
0.4608" 

W 

il" 

JL. 




FT 

1 ?" 

0.492" 

M" 





1 

8 

if" 

0 , 492" 

0.4555" 

If" 



Length of Pin xO.25 


8 

2 " 

0 . 492" 

0.4S03" 

If" 



!2 


8 

2 f" 

0 . 492" 

0*4451'' 

M" 






8 

2 |" 

0 . 492" 

0.4399" 

A" 






8 

2 f" 

0 . 492" 

0.4347" 








No. 




No. of 

8 

3 " 

0 . 492" 

0.429s 


Pin 

Xj 

XJ 

d 

Drill 

8 

3 f" 

0,492" 

0.4243" 

k" 






8 

3 ^" 

0 . 492" 

0.4191" 

0.4139" 

If'* 

If" 






8 

3 !" 

0.492" 

0 


0.156^' 

0.1404" 

28 

8 


0 . 492" 

0.4087" 

M" 

0 

I 

0.156'^ 

0.1352" 

29 

8 

4 i" 

0 . 492" 

0.403s" 

W' 

I 


0.172'' 

0. 1564" 

22 

8 

4 i" 

0.492" 

0,3982" 

W' 

I 

I 

0.172" 

0. 1512" 

24 

9 

li" 

0,591" 

0 . 5597 " 

'is" 

I 

xi" 

0.172" 

0.146 " 

20 

9 

if" 

0.591" 

0 .SS 4 S" 

If" 

2 ■ 


0 . 193" 

0.1774" 

16 

9 

2 " 

0.591" 

O.S 493 '' 


2 


0.193" 

0. 1722" 

17 

9 


0.591" 

0 .S 44 I'' 

If" 

2 

x¥' 

0.193" 

0.167 " 

18 

9 

2|" 

0 .S 9 I" 

0.5389" 

H" 

2 

1^" 

0.193" 

0. 1618' 

20 

9 

2|" 

0 .S 9 I" 

0 . 5337 " 

H" 

3 

r 

0.219" 

0.2034" 

6 

9 


0 . 591 " 

0.528s" 

W' 

3 

1 " 

0.219" 

0.1982" 

8 

9 

3 f" 

0 .S 9 I" 

0.5233" 


3 

Ip 

0.219" 

0.193 " 

10 

9 

31 " 

0 .S 9 I" 

O.S181" 

If" 

3 


0.219" 

0.1878" 

12 

9 

31 " 

0 .S 9 I" 

0.5129" 

If 

3 

iV' 

0.219" 

0.1825" 

14 

9 

4 " 

0.591" 

0.5077" 

If" 

4 

r' 

0.250" 

0.2344" 

M'' 

9 

4 |" 

0 .S 9 I" 

0.502s" 

v; 

4 

I '' 

0.250" 

0.2292" 

M" 

9 

4 k' 

O.S91" 

0.4972" 

K 

4 

Xi" 

0.256" 

0.224 " 

I 

9 

4 l" 

O.S91" 

0.4929" 


4 

XV' 

0.250" 

0.2187" 

2 

9 

S " 

0.591" 

0 .4868" 

|i" 

4 

xi" 

0.250 ' 

0.213s" 

3 

9 

sf" 

0.591" 

0.4816" 

fi" 

4 

2 

0.250" 

0.2083" 

4 

9 

SP 

0.591" 

0.4764" 

0.6747" 

If" 

S 

r' 

0 , 289" 

0.2734" 

H" 

10 


0.706" I 


S 

X '' 

0.289" 

0.2682" 

U" 

10 

If" 

0 . 706" 

0.669s" 


5 

-xi" 

0.289" 

0.263 " 

U" 

10 

2 "! 

0,706" 

Q.6643" 

If" 

S 

x¥' 

0 . 289" 

0 . 2577 " 

i" 

10 

2 f" 

0 . 706" 

0.6591" 

W' 

5 

xi" 

0.289" 

0.2525" 

i" 

10 

2i" 

0.706" 

0.6539" 

w; 

; W' 

S 

2 

0.289" 

0.2473" 

i" 

10 

2 f" 

0.706" 

0.6487" 

5 


0 . 289" 

0.2421" 

■H" 

10 

3 " 

0 . 706" 

0.643s" 

■■ ■if" ■■ 

6 

¥' 

0.341" 

0,3254" 


10 

3i" 

0 . 706" 

0.6383" 

if" 

6 

X " 

0 .341 

0.3201"! 

It" 

10 

3 I" 

0.706" 

0.6331" 

iV 

6 

li" 

0.341" 

0.31S " 


10 

3 I" 

0,706" 

0.6278" 

r 

6 

1 1^' 

0.341" 

0.310 " 

K 

10 

4 " 

0.706" 

0.6226" 

I" 

6 

li'' 

0.341" 

0.3045" 


10 

4 i" 

0.706" 

0.6174" 

r 

6 

2 '' 

0.341" 

0.2994'' 

H" 

10 

41 " 

6.706" 

0.6122" 

If" 

6 

2 ¥' 

0.341" 

0.2941" 

H" 

10 

4 f" 

0 . 706" 

0.6078" 

If" 

6 

21" 

0.341" 

0,2889" 


10 

5 " 

0 . 706" 

0.6018" 

6 4 

■ ■ d' , ■ 

sr' 

0.341" 

0.2837" 


10 

Si" 

0 . 706" 

0 . 5966" 

W' 

6 


0.341" 

0.2785" 

A" 

10 

Si" 

0 . 706" 

0.5914" 

K 

6 

3 i'; 

0.341" 

0.2733" 

H" 

10 

Si" 

' 0.706" 

0.5862" 

■ fi" 

7 

I '' 

0.409" 

0.3881" 

It" 

10 

6 " 

0.706" 

' O.SSI " 

' If" 


Taper is i inch per foot — ^izes from s-o to 00; 00000 = 0.094; 0000 » 
0,109; 000 fs* o.i«S» 00 »» 0.141 at large end. 
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SUGGESTED SPEEDS FOR TUNGSTEN-CARBIDE DRILLS 

Because of their construction, tungsten-carbide-tipped twist 
drills are not usually recommended for hard materials. They are, 
However, well adapted .for drilling highly abrasive materials and 
materials of low strength, such as concrete, bakelite. Hard rubber, 
slate, stone, glass, carbon, copper, graphite alloy, and similar 
materials. 

Recent information from the Cincinnati-Bickford Tool Company 
lists the following cutting speeds which have been successfully used 
for the materials listed: 

Suggested Speed 

Materials Feet per Minute 

Slate 40 

Marble. 60 to 80 

Sandstone 30 

Glass 20 to 30 

Pure carbon 100 

Copper graphite alloy 60 to 70 

Very light feeds are recommended for these materials. 

Lubricants for Drilling 

Hard tool and alloy steel. ..... . . Soluble oil, turpentine, soluble 

oil or lard oil. 

Mild steel or machinery steel. . . . Soluble oil or a good cutting 

compound. 

Brass or phosphor bronze. ... Dry or with soluble oil or lard oil. 

Aluminum. Soluble oil or lard oil. 

Cast iron Work dry. If possible keep the 

drill cooled with a jet of com- 
pressed air. 

On soft steels, sulphurized oil saves up to 30 per cent in power over 
dry drilling, and on tool steel, the saving is about 20 per cent. On 
Bessemer screw stock, oil saves comparatively little power. For 
aluminum and its alloys, a little lard oil mixed with minera! oil 
gives good results. 

A CUTTING COMPOUND FOR DRILLING HARD SPOTS 
IN STEEL 

An old-tima compound for use in drilling hard steel has proved 
successful in electric welds in 5 per cent nickel steel, after turpen- 
tine and other compounds had failed. The compound is 

I part powdered sulphur 

1 part cylinder oil 

2 parts castor oil 

OR PREFERRED DRILL SIZES 

Users of t^mst drills have long felt that there was an unnecessary 
number of drill sizes below | inch, owing to the overlapping of frac- 


Table xo. — Preeeebed Sizes oe Straight-Shane Drills 

f . r>,«. 


^Break corner 


Regular Series Long Series 
"" Drill Flute Drill Flute 
Length Length Length Length 




Regular Series Long Series 
Drill Flute Drill Flute 
Length Length Length Length. 


0.0156 
o .0180 
0.0200 
0.022s 
0.0240 
o .0260 
o .0280 
0.0295 
0.0312 
0.0330 

0.0350 

0.0370 
0.0390 
0.0410 
0.0430 
0.0453 
0.0469 
0.0492 
0.0512 
0.0531 
0.0550 
0.0571 
0.0591 
0.0610 
0.0625 
0.0650 
0.0670 
0 . 0700 
0.0730 
0.0760 
0,0781 
0.0810 
0.0827 
0.0860 
0.0890 
0.0906 

0.0937 
o .0960 

0.0995 

0.1024 

0.1040 

0.1063 

0.1094 

O.II30 

0.1160 

0.1200 

0.1220 

0.1250 

0.128s 

0.1299 

0.1339 
0.1360 
0.1378 
0 . 1406 
0 . 1440 
0.1470 
0.1520 
0.1562 


If 

lA 
I A 

^ V 3 
1 A 4i 


0.1610 

0,1660 

0 . 1693 

0.1719 
0.1730 
0 . 1770 
0.1800 
0.1850 
0.187s 
0.1910 
0.1935 
0 . i960 
o . 1990 
0.2031 
0.2090 
0.2130 
0 .2187 
0.2244 
0.2283 
0 . 2344 
0.2402 
o . 2460 
0.2500 
0.2520 

0.2570 

0.2610 

0.2656 

0.2720 

0.2770 

0.2812 

0 .2854 

0.2913 
0.2969 
0.3020 
0.3071 
0.3125 
o .3160 
0.3230 
0.3281 
0.3320 
0.3390 
0.3437 
0.3480 
0.3543 
0.3594 

0.3680 

O.37S0 

0.3860 

0.3906 

0.3970 

0,4062 

0.4219 

0.4375 

0.4S3I 

0.4687 

0.4844 

0.5000 
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tional, letter, wire gage, and millimeter sizes from 0.0156 to o.5<^ 
inch. After long study and several modifications, the sizes in 
Table 10 are recommended by A.S.M.E. Technical Committee No. 7 

TAP DRILLS 

Except in special cases, tap drills should always be larger than, 
the root diameter of the tap. In average practice, the drill gives 
about three-quarters thread depth. Some metals flow enough to 
make nearly a full thread, especially with a dull tap. 

The simple rule of subtracting the pitch of one thread from the 
tap diameter, is accurate enough for most work. Following tins: 

A |-inch tap, 16-thread, would be | minus A- = A drill; a i-inch 
tap, lo-thread, would be f minus ~ t>r 0.7S o.io == 

x%V or 0.65, or a little over | inch; so a f-inch drill do nicely. 
With a I -inch tap we have i — f = |-inch drill, which is a httle 
large but leaves enough thread for most cases. 

Taps should be between 0.002 and 0.003 inch large in outside 
diameter, for clearance between top and bottom of thread. 

DRILLING HARDENED STEEL 

New drill known as “Hardsteel” are now available for drilling 
holes in armor plate and hardened steels of any kind, even the 
high speed steels. They are made from a cast alloy by the Black 
Drill Company, Cleveland, Ohio, and are three-cornered in shape, 
with small hollow^s ground in each cutting face for chip clearance. 
They should not be used in soft materials, but only in materials that 
cannot be drilled by the usual drill. 

It takes 5 seconds or more after the drill contacts the work before 
it begins to cut. By that time it has built up enough frictional 
heat to anneal the metal in actual contact with the drill point. 
Then the drill begins to cut and regular chips form. Sufficient 
pressure should be kept on the drill to maintain the flow of chips. 
Hand feed is preferred to maintain a ‘Teel’’ of the way the drill cuts. 

These drills are run at high speed, the following table giving 
approximate speeds for the sizes showm. Should the drill fail to 
cut properly, try a higher speed. In drilling work hardening 
materials it may be advisable to increase the chip clearance groove 
to take out a wider chip. Clear the chips from the hole every f inch 
of depth drilled. Short drills are to be preferred where they can 
be used. The drills can be ground by hand and the shape of the 
new drill should be maintained in grinding. They are used dry. 


Drilling Speeds without Coolant 


Size of Drill, 
in Inches 

Speed, in R.P.M. 

Size of Drill, 
in Inches 

Speed, in R.P.M. 

■ ■ 1, 

8 

2500-3000' 


950 

S'” '/o 

2000 

l-l 

900 


1600 


750-800 

fir ' 

1500 

■ ■ ■ 

700 

fff-l 

1200 


600 

f- fir 

1000 
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Table ii.-— -Basic Thread Dimensions and Tap Drill Sizes 

AMERICAN MACHINE SCREW 


Nominal 

Size 

Outside 
Diameter 
in Inches 

Pitch 
Diameter 
in Inches 

Root 
Diameter 
in Inches 

Commercial 
Tap Drill 
to Produce 
Approx. 75 % 
Full Thread 

Decimal 
Equiva- 
lent of 
Tap Drill 

0— 80"F 

0 . 0600 

0.0519 

0.0438 


0 . 0469 

1-56 

0.0730 

0.0614 

0 . 0498 

54 

o.osso 

64“C 

0.0730 

0.0629 

0.0527 

S 3 

0.0595 

72-P 

0.0730 

0 , 0640 

o.osso 

S 3 

0.0595 

2~s6-C 

0.0860 

0.0744 

0,0628 

50 

0.0700 

64“P 

0.0860 

0.0759 

0.0657 

SO 

0.0700 

3 ~ 48 -C 

0.0990 

0.085s 

0.0719 

47 

0.078s 

56-P 

0 . 0990 

0.0874 

0.0758 

45 

0.0820 

4-32 

0. 1120 

0.0917 

0.0714 

45 

0.0820 

36 

0.1120 

0 . 0940 

0.0759 

44 

0.0860 

4 ^C 

0. 1120 

0.0958 

0.0795 

43 

0.0890 

48— F 

0. 1120 

0.098s 

0.0849 

42 

0.0935 

s-36 

0.1250 

0.107S 

O.08S9 

40 

0.0980 

4 ®“L 

0.1250 

0.1088 

0. 0925 

38 

0.1015 

44-P 

O.I 2 SO 

0. 1102 

0.0955 

■ 37 

0 . 1040 

6-3 2~C 

0.1380 

0. 1177 

0. 0974 

36 

0.1065 

36 

0.1380 

0. 1200 

0,1019 

34 

0. 1110 

40--F 

0.1380 

0. 1218 

o.ioss 

33 

0.1130 

7-30 

0.1510 

0.1294 

0.1077 1 

31 

0.1200 

32 

0.1510 

0,1307 

0.1104 I 

31 

0.1200 

36 

0.1510 

0.1330 

0.1149 

1 

0.1250 

8-30 

0 . 1640 

0.1423 

0.1207 

30 ; 

0.128s 

32~C 

0 . 1640 

0.1437 

0.1234 

29 \ 

0.1360 

36-P 

0 . 1640 

0.1460 

0.1279 

29 j 

0.1360 

40 

0 . 1640 

0.1478 

0.1315 

28 i 

O.I4OS 

9-24 

0.1770 

0.1499 

0.1229 

29 

0.1360 

30 

0.1770 

O.ISS 3 

0.1337 

27 

0.1440 

32 

0.1770 

0. 1567 

0 . 1364 

26 

0.1470 

fO-24-C 

0 . 1900 

0. 1629 

0.1359 

■25 

0.149s 

28 

0.1900 

0. 1668 

0 . 1436 

23 

0.1540 

30 

0. 1900 

0. 1684 

0.1467 

22 

0. 1570 

32-F 

0.1900 

0.1697 

0.1494 

21 

0. 1590 

12-24-C 

0 . 2 160 

0.1889 

0.1619 

16 

0.1770 

28~F 

0 . 2160 

0.1928 

0 . 1696 

14 

0.1820 

32 

0.2160 

0.1957 

0 .I 7 S 4 

13 

0.1850 


C = coarse-tliread standard. P = fine-thread standard. 


Table 12.— Basic Thread Dimensions and Tap Drill Sizes 

AMERICAN THREAD 


ominal 

Size 

Outside 
Diameter 
j in Inches 

1 

Pitch 
Diameter 
in Inches 

Root 
Diameter 
in Inches 

' 1 

Commercial 
Tap Drill 
to Produce 
Approx. 75 % 
Full Thread 

Decimal 
Equiva- 
lent of 
Tap Drill 

^ 8 r ^4 

0,062s 

0.0524 

0.0422 

^ , 1 

0.0469 

72 

0 . 062s 

0.0535 

0.0445 

A 

0.0469 

A-60 

0.0781 

0.0673 

0 . 0563 

■ '3$ ■ . 'i 

0.062s 

■ .72, 

0.0781 

0.0691 

0.0601 

■52:"' .. ! 

0.063s 

A-48 

0 . 0938 

0.0803 

0.0667 

• 49 

0.0730 

SO 

0,0938 

0.0808 

0.0678 

49 

0.0730 

A “48 

0.1094 

0.0959 ! 

0.0823 1 

■.'■■■■43 

0 . 0890 

i-32 

0.1250 

0,1047 

0.0844 : 

■■ % ' ■ 

0.0937 

40 

0,1250 

0.1088 

0.092s 

38 ' 

0. 1015 
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Table 12. — Basic Thread Dimensions and Tap Drill Sizes. — 
Continue^ 

AMERICAN THREADS 




Root 

Commercial 

Outside 

Pitch 

Tap Drill 

Diameter 

Diameter 

Diameter 

to Produce 

in Inches 

in Inches 

in Inches 

Approx. 75 % 
Full Thread 


Nominal 

Size 


Decimal 
Equiva- 
lent to 
Tap Drill 
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Table 12 . — ^Basic Thread Dimensions and Tap Drill Sizes- 
Continued 

AMERICAN THREADS 


s, on an 




If -sf 

1} - s 

If *- s 

2 ~ 4i 

2i - 4| 
2i “ 4f 
2f “ 4 
2f “ 4 

2i - 4 

3 - 3| 
3i - 3i 
3f - 3i 
3f ”3 

4 3 


Pitcli 
Diameter 
in Inches 

Root 
Diameter 
in Inches 

0.8654 

0.7932 

0.9188 

0.8376 

0.9459 

0.8918 

0.9536 

0.9072 

0.9759 

0.9SI9 

1.0322 

0.9394 

1.0709 

I. 0168 

I. 1572 

I . 0644 

1.1959 

1.1418 

1.2668 

1.1585 

1.3209 

I . 2668 

1.3917 

1 . 283 s 

I. 4459 

1.3918 

1.5070 

1.3888 

1.6201 

1 . 4902 

I. 7451 

1.6152 

I. 8557 

I . 7113 

1.9807 

1.8363 

2,1057 

1.9613 

2.2126 

2.0502 

2.3376 

2.1752 

2.5876 

2.4252 

2.8145 

2.6288 

3 . 064 s 

2.8788 

3.3002 

3.1003 

3.5335 

3-3170 

3 . 783 s 

3.5670 
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Table 13.^ — Tap Drills eor Uniform Pitch Thread Series* 


8 Pitch. 
s= 0.1250 inch 

12 Pitch 
= 0.0833 inch 

16 Pitch 
= 0.0625 inch 

Nominal 

Drill 

Nominal 

Drill 

Nominal 

Drill 

, 

Nominal 

Drill 

Size ! 

Size 

Size 

Size 

Size 

Size 

Size 

Size 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

I 

1 

1 

0.417 

3| 

3.167 

f 

H 


I 

TS 

0.479 

3^ 

3.417 

1 

ft 

li 

If 

i 

0.542 

3f 

3.667 

I 

if 


li 


0.604 


3.917 

l| 

I* 


If 

1 

0.667 

4i 

4.167 

li 

i^ 

If 



0.729 

4l 

4.417 

if 

life 

i! 


1 

0 . 792 

4-1 

4.667 

If 

ifff 

If 1 

i| 

H 

0.854 

5, 

4.917 

if 


2 ! 

i| 

I 

0.917 

Si 

5. 167 



2| 

2 


0.979 

Si 

S.417 

i| 

lil 

2i \ 


li 

1 .042 

Sf 

S.667 

2 

lif 

/ I 

2| 


1 . 104 

6 

5-917 

2| 

2lfe 

2f 1 

2f 


1 . 167 



2i 

2 ^ 

3, 1 

2f 


1.229 



2i 

2rir 


3l 

If 

1.292 



2f 

2 if 

si 

3f 


I.3S4 



3 

2if 

3f 



1. 417 



3l 

3ife 

4, 

3l 

It 

t 1.S42 



3i 

3 

4i 

4f 

If 

1,667 



3f 

3 if 

4i 

4l 

i| 

1.792 



4 

3if 

4l 'i 

4t 

2 

1. 917 





S, 

4l 

2i 

2.X67 





5i 

SI 

2| 

2.417 






sl 

2f 

2.667 





si 

St 

3 

2.917 





6 

sl 








* H. W. Bearce, Bureau of Standards. 
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British Standard 
Pipe Thread 


British Association Thread 


,s over 
idmg SOI 
jS, on an 


■Drills and Reamers for Dowel Pins 


Sizes or Rod 

Drilis and Reamers tor Drive Fits] 

Drills eor Clearance 

No, of Gage 


Size of 

Dia. of 

Dia. of 

Size of 

Dia. of 

(Stubbs Steel 
Wire) 

Dia. 

Drill 

DriU 

Reamer 

DriU 

DriU 

54 

.O';*; 

No. ss 

.052 


No. 54 

•05s 

45 

.081 

« 47 

.07S5 


46 

.081 

33 

.113 

“ 36 

.1065 

.110 

. „ 33 

.113 

30 

.127 


,130 

■ ,12s 


.1285 

ai 

.157 

24 

.153 

.IS 5 

« 

22 

.157 

lO 

.191 

“13 

.x 85 

.189 

“ II 

.191 


.252 

C 

.243 

.250 -.2503 

F 

.257 


.31s 

■is Reamer 
DriU 

.307 

.312S-.313 

0 

.3x6 

V 

•377 

^ « 

.366 

•375 -.3755 

V 

.377 


.439 

$ « 

.427 

437 S "'-438 




•503 


.489 

.500 -,5005 




,628 

[ 1 “ 

.616 

.62s “,625s 




.753 

1 ** 

•734 (il) 

.750 *“.7505 




Nominal Bore 

Diameter of 

Designating 

Diameter of Tap DriU 

Inches 

Inches 

Number 

Steel 

C.I. or Brass 


If 


No. 

No. 

i 

M 

0 

8-9 

10 

1 

P 

I 

IS-16 

16-17 

h 

1 

2 

23 

24-25. „ 

1 


3 

28 

29 

1 

If 

4 

31 

32 

1 


5 

36-37 

37-38 

1 

I 

6 

41-42 

42-43 

If 

iM 

7 

45 

46 

if 

III 

8 

48 

49-50 

If 

2 

9 

51 

- ■ S 2 -S 3 

■■■■ 2 

2f 

10 

S 3 

S 4 -SS' 

2 \ 

2f 

.11 1 

S 4 -SS 

S6 

2f 

2| 

12 . 

61 

62 

2| 

3 A 

13 

63 

64 

■3 . ' 

3 lf 

14 

69 

70 

3 i 

3 If 

IS 

71 : 

71 

3 f 

4S 

16 

74 ■ 

74 

4 

4 » 
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DRILL END LENGTHS 


It IS often necessary in designing to allow for drilling to a certain 
depth so as to give the thickness of metal A necessary at the bottom 
of the hole to withstand pressure. 

The table gives the dimension C for usual sizes of drills. This is 
deducted from B to give the actual thickness of metal at A. This 
table is for standard drill points of 118 degrees included angle. 

Table 16. — Drill End Lengths 




oj 

^ ^ a\ ii 

0 SO (fl 

i 


•t-l w 

Si -S- § i .a| 

Q 

1 , 


CD a CJ CJ S CD Q 0 0 

2 

0.60086 

If 

I 0.22800.06850 ^ 41 0.09600.02884 ^ 


0.58208 

e 

2 0.2210 0.06640 ^ 42 0.09350.02809 -h ' 

I i 

0,56333: 

■is 

3 0.21300.06400 far 43 0.08900.02674 ^ 

lit 

0.54453 


4 0.20900.06279 xV 44 0.08600.02584 -h 

I f 

0.52576 

M 

5 0.20550.06174 ^ 45 0.08200.02464 -h 

iB 

0.50698 

A 

6 0.2040 0.06129 ^ 46 0.08100.02433 xfe 

I 1 i 

0.48820 

tI 

7 0.20x00.06039 47 0.078s 0.02858 A- 


0.46942 

0 .45005 

n 

8 o,X 990 0.05979 Ar 48 0.0760 0.02283 sV 

I i 

H 

9 0.1960 0.05888 ■h 49 0.0730 0.02193 


0.43187 

A 

10 0.193s 0.05813 fs SO 0.07000.02x03 -h 

I 1 

0.41309 

If 

II 0.19x0 0.05738 SI 0.06700.020x3 ts 


0.39431 


12 0.18900.05678 52 0.063s 0.01908 ^ 

I i 

0 . 37 SS 4 

0.35670 


13 0.18500.05558 ^ S 3 0.05950.0x788 * 



14 0.18200.05468 ^ 54 0.05500.0x652 * 

I i 

0.33798 

if 

15 0.18000.05408 ^ 55 0.05200.01562 * 

I* 

0.31931 


16 0.17700.05318 S6 0.04650.0x397 -h 

I 

0.30046 


17 0.17300.05x97 57 0.04300.01292 ^ 

U 

0.29104 

ii 

18 0.169s 0.05092 ^ 58 0.04200.0x262 ^ ] 


0.2816s 


19 0.1660 0.04987 ^ 59 0.0410 0.0x232 

U 

0.27226 

■h 

20 0.16100.04837 n 60 0.04000.01202 ^ 

J 

0.26288 

4 

21 0.15900.04777 ^ 6r 0.0390 0.01172 


0.25349 

1 

22 0.15700.04717 ^ 62 0.03800.01142 x?! 

M 

0 . 24410 


23 0.15400.04627 ^ 63 0.0370 0.OXI12 ^ 

II 

0.23471 


24 0.1520 0.04567 ^ 64 0.0360 0.0x082 it 

i 

0.22532 


25; 0.14950.04491 S 6S 0,03500,0x052 it 

H 

0.21593 

X 

26 0.14700,044x6 ^ 66 0.03300.00991 A 


0.20655 

fl 

27 0.14400.04326 67 0.03200.00961 


0.19716 

il 

28 0.1405 0.04221 ^ 68 0.03x00.00931 it 

.1 

0.18777 

A 

29 0.13600.04086 ^ 69 0.0293 0.00879 A 

il 

0.T7838 

if 

30 0.12850.03861 ^ 70 0.0280 0.0084X it 


0 C6900 


3X 0.12000.03605 ^ 71 0.0260 0.00781 it 


0. [5960 


32 0.1x600.03485 72 0,02500.00751 ^ 


0. [5022 

A 

33 0.1130 0.03395 S 73 0.0240 0.00721 


0. E4083 

A 

34 0 . 1 X 10 0.03335 S 74 0.02250.00676 ^ 


0. 1:3144 

f 

35 0. 1 X 00 0.03305 ^ 75 0.02x0 0.0063X S 

M 

0,12205 

i 

36 0.X065 0.03200 ^ 76 0.0200 0.0060X ^ 

t 

0.1x266 

* 

37 0.10400.03x24 ^ 77 0.01800.00541 


0.10327 


38 0. X0X5 0.03049 ^ 78 0.0160 0.0048X 


0.09388 


39 0.0995 0.02989 ^ 79 0.014s 0.00436 . . 


0.08450 

A 

40 0.09800.02944 80 0.01350.00406 

i 

0.07511 

: t' 


A 

0.06572 

* 



0.05633 



§ 

0.04942 

0.03755 

* 

'Formula, 

Ti'Sr 

0,02817 



0.01878 

* 

‘’vA 

■ii 

0.00939 

* 




SECTION IV 


REAMERS AND REAMING 

Reamers are commonly used tools for enlarging holes to tlie 
required diameter and finish. The amount of enlargement is 
usually slight and does not always meet modern requirements as to 
roundness and finish. Reamers are formed by having flutes along 
the body which form cutting edges and provide channels for escape 
of chips. Much standardization has been done by reamer makers 
and Technical Committee No. 20 of the A.S.M.E. was appointed to 
prepare a standard. Most of the recommendations follow the 
practice of reamer makers. 

Reamers usually have a back taper of about 0.0001 to 0.0025 inch 
per inch of length, decreasing the diameter toward the shank, for 
clearance. 

Tolerances of reamer diameters are always plus, from basic size 
up to 0.0004 ill- fot reamers to | inch diameter; from basic size up to 
0.0005 inch for reamers up to i inch; and up to 0.0006 inch for 
larger sizes. 

BRITISH STANDARDS FOR REAMERS 

Tolerances on British Standard reamers are always plus. The 
amount of oversize on nearly all reamers is as follows: 

Size, in Inches Amount of Oversize in Inches 

J to I o . 0003 to o . 0006 

A to Yq 0.0004 “to o . 0008 

I to 11 o . 0005 to o . 0010 

I to ............. 0.0006 to 0.0012 

to 2....... 0.0007 to 0.0014 

The number of flutes is optional but runs about as follows: 

Size in Inches Number of Flutes 

j- to f......... 4 to 6 

If to 4 to 8 

If to i|. 8 to 10 

to i| 8 to 14 

The kinds or types of reamers in common use are shown and 
described. They are usually made with either straight or helical 
flutes. A number are shown in Fig. I. 

Expansion Hand Reamers. — ^Made with either straight or helical flutes. 
Primarily designed to enlarge reamed holes by a few thousandths. 

• ■ ■■ ■ ■■ TS4 . 






ordinarily 


TYPES OF REAMERS 


Hand Reamers. — Solid reamers, slightly tapered on the starting end. 
Used on high-grade work by clamping the square in a idse and passing the 
work over the reamer with a screw-like motion. 

Jobber’s Reamers.— -Similar to hand reamers but designed for machine use. 

Shell Reamers. — Made either for roughing or finishing and held on a 
tapered arbor with driving lugs. Holes tapered to fit the special arbor, 
which fit several reamer sizes. 



.Morse 

I -^cfper 


Two Flute Helical Taper Pin 


Center Ream 

Bridge or Car Reamer 
Fig. I.— -Common Types of Reamei^ 


Expansion Chucking Reamers.— Adjustable for reaming holes to close 
tolerances. Made only with straight flutes but either straight or taper 
shanks. 

Eluted Chucking Reamers. — Designed for machine use, and have a bevel 
point so that most of the cutting is done on the end. Straight or taper 
shanks. ■ ■ 

Rose Chucking Reamers.— For use in turret lathes and screw machines. 
Ground cylindrically, without radial relief, and cut only on the end. Usually 
made with a back taper of o.oos" in the flute length. Recommended 
only for free- working steel, and under the best conditions as to alignment 
and with a flood of lubricant. Straight or taper shanks. 

Stub Screw Machine Reamers.— For use in automatic screw machines 
and for jobs req^uiring short tools. Specially adapted for floating holders. 
Regularly furnished with right-hand cut and left-hand h^ix. 
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Morse Taper Reamers.- — For reaming the Morse taper hole in sockets and 
machine spindles. , Made only with straight flutes in either squared or taper 
shanks. Roughing reamers notched to break up the chips. 

Taper Fin Reamers.— For machine taper pins all have a taper of inch 
to the^foot. The point of each reamer will enter the hole reamed by the 
next size smaller. Made with either straight, slow or fast helical flutes. 

Taper Bridge Reamers. — For reaming rivet and bolt holes in structural 
work, boiler plate, etc. , Tapered at point to facilitate entering holes out 
of alignment. Taper shanks only and are made in both straight and helical 
flutes.. 

Taper Car Reamers, — Similar to Bridge Reamers but shorter. Made 
with either straight or helical flutes. 

Center Reamers, — For centering lathe work or countersinldng for screw 
heads. Have eccentric relief and made in either 6o, 72, or 82 deg. included 
angle of point. 

Machine Countersinks. — Similar to Center reamer. 

ARBORS FOR SHELL REAMERS 

General dimensions for arbors for shell reamers are given in the 
tables for both straight and taper shanks. The corners of the driv- 
ing slots in the reamer should be rounded to avoid cracks in harden- 
ing. Dimensions of arbors and of the driving slots and driving lugs 
in the arbors are given in Table 2. 


Q P da 


Table i.- 


-Straight- and Taper-Shank Arbors for Shell 
Re.amers 


No. 

of 

Arbor 

Diameter 
of Reamer, 
in Inches 

Length 

Over All, 
in Inches 

Diameter 
Shank, 
in Inches 

Morse 

Taper 

4 

3 

4 . ! 

9 

1 

1 

No. 2 

5 

lA to I 

9I 

1 

No. 2 

6 

1^ to li~ 

10 

f 

No. 3 

7 

to l| 

II 

i 

No. 3 

8 

to 2 

12 

Is 

No. 4 

9 

2i^ to 2J 

13 

If 

No. 4 

10 

23^ to 3 

14 

r&. 

No. 5 


Length Tolerances 

rir inch on Nos. 4 to S; inch on Nos. 6 to 8; | inch on Nos. 9 to 10; straight- 
shank tolerance minus 0.0005 to 0.002 inch; hole in reamer, i inch per foot. 

Allowance ior feeaming. — For holes up to J inch leave 0.005 to 
0.008 inch; for | inch about 0,015 inch; and up to ^ inch for 2 inch 
diameter. One large shop leaves 0,015 inch for all holes in steel 
and 0.030 inch for aluminum and magnesium. 








Table 2. — Driving Slots and Lugs in, Shell Reamers and 
Shell-Reamer Arbors 


The hole in shell reamers shall have a taper of 0.125 inch per foot, with 
arbors tapered to correspond. 

General Dimensions 


Dimensions, in Inches 

Diameter 


of Hole 
in 

Reamer 

No,' 

of 

Range of Reamer Sizes 

Driving Slot 

Lug on Arbor 

End, in 
Inches* 


Above 

To and 
Including 

Width 

W 

De^th 

Width 

L 

Depth 

M 

0.250 

3 

0.4687 (If) 

0.6250 (1) 

i 


* 


0.37s 

4 

0.6250 f|) 

0.7182 (If) 


A 

'is 


o.soo 

5 

0.7812 (If) 

1. 0312 (i^) 

* 

i 



0.62s 

: "6 

1.0312 (1^) 

1.2812(1-^) 


i 


A 

0.750 

! '7 

1.2812 (It^) 

1.6562 (ill) 


A 



1 .000 

8 

1,6562 (ifD 

2.0000 (2) 


A 



1.250 

9 

2.0000 (2) 

2.5000 (2!) 

"A 

f 

fl 

M 

1. 500 

10 

2.5000 (2f) 

3.0000 (3) 

A 

1 

If 

U 

1. 750 

II 

3.0000 (3) 

3. 5000 (3I) 

f 


II 

M 

2.000 

12 1 

3. 5000 (3|) 

4.0000 (4) 

f 


If 

ft 

2.250 

'13 1 

4.0000 (4) 

4. 5000 (4I) 

f 


If 

¥ 

2,500 

14 1 

4.500 (4f) 

5,5000 (sf) ! 

f 

1 

n 

A 

2.750 

IS 

5. 5000 (sf) 

6.5000 (6f) 

* 

I 

u 



* Shell-reamer arbors are' made slightly larger in diameter at the large end 
of the taper to permit a driving fit with the reamer. 


Names oe Reamer Parts 

There are three main parts of a reamer: the shank; the body; and 
the point or entering portion (see Fig. 2). The terms used for 
shanks are : 

Shank. — The part held in the hand wrench, vise, chuck or spindle for 
driving. May be cylindrical, tapered, squared or otherwise. 

Taper Shank. — Generally a Morse Taper as is universally used for drills. 

Straight Shank. — A cylinder smaller or larger than the reamers. 

Square, — -A square on the end of a straight shank to receive a wrench. 
Generally used on straight shank hand reamers. 

Length of Square.— -Length measured, along the axis. 

Size of Square. — Diameter across the flats of the square. 

Square Shank.— Generally a tapered square for use in bit brace or ratchet. 

Shank Length.— Measured along the axis from end of recess to extreme end 
of shank. 

Taper “Shank Size. — Determined by the diameter, or by diameter at gsyge 
line and diameter at small end. Dimensions given in Tables, Section XvIII. 

Tang. — Or tongue. Flatted portion on end of shank to fit a special holder 
to assist in driving the reamer. Used on either straight or taper shank. 
Not intended to carry the entire torque load of reaming as friction of the 
shank in the socket or holder should carry most of the torque. 

Tang Thickness. — Distance between flat surfaces. 
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.i — QveroU lengih — — 

\- —Sfmighi shank 

j ^ — _ — Shank fengfh — — ^'//e/zx ongk 
CHUCKING REAMER, STRAIGHT AND TAPER SHANK 

u Overall lengfh ^ 

Y'Shank tengih-*^-^:^- Flute length''*^:^ Pilot 

I H— (zu/b'e -H J j 

I I I I ^Starting taper 


Squared shank Straight f/utes ''Actual size 
HAND REAMER, PILOT AND GUIDE 


Chamfer length . ^^-Landwi 
ru ^ f / Chamfer ■’A\ 

Chamf er ang/e relief .^Margin 


Land width 


(': .. :. ..,. i^.:-,. Actual 

Chamfer relief angle 


Straight flutes Rake angle and right 

^own hand rotation shown 

MACHINE REAMER POINT 



Starting taper^ 



Land width 
Margin » -h 
Cutting 

-f- edgel^ 


Relief 
fW^ angle 


j A^ctua! \\ Y^P^^Core 

diam 

Break cor nen^'" land^^' "Flute 

Helical flutes, Left Radial face (0® rake)Qnd 

hand helix shown right hand rotation shown 

HAND REAMER POINT 
Fig. 2.— -Names of Reamer Parts 


■■■■THE' REAMER' 'BODY 

Axis."— Center line about which reamer revolves. - . ^ , 

Over-AJl Xeiigth.-™-Measured along the axis, of the entire tool from end 
to end. 

Flute Length.— Measured along axis, from extreme front end of flutes to 
start of recess or neck. Where the reamer has no recess, flute length is 
from the end of the cutter runout. 
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Pilot.-— A front non-cutting portion to aid in centering reamer. . 

Guide. — N oncutting ^ portion of the tool, generally cylindrical, behind 
flutes, to assist in holding the reamer in alignment. 

Recess or Neck.*— Part between body and shank, usually of smaller diam- 
eter than either. Maker’s name, size of tool, and kind of steel are commonly 
stamped in the recess. 

Diameter. — Greatest diameter, measured diametrically across the land 
at the cutting edge. 

Flute. — A groove, either helical or straight, extending through the point 
almost to the recess.^ It forms the front side of the cutting edge and provides 
room for cutting fluid and room fo^ chip removal. 

Tooth.' — Volume of metal between two adjacent flutes. Generally taken 
t© include all metal left between two adjacent flutes down to the web. 

Web. — Metal below the bottoms of the flutes. 

Web Thickness. — -Distance between the bottoms of two opposite flutes 
measured along a diameter. 

Gutting Edge or Lip. — ^Leading edge of a tooth. Formed by the inter- 
section of the tooth face and the outside diameter. 

Tooth Pace. — The surface on which the chip impinges as it is removed 
from the work. 

Depth of Flute. — Distance from the bottom of the flute to the top of the 
tooth. 

Thickness at Base. — ^Length of the chord connecting the face of one tooth 
with its back as measured on a circle passing through the bottom of the root 
radius. 

Root Radius. — Small radius at the bottom of flute connecting the back 
of one tooth with the face of the adjacent tooth. 

Rake Angle, — Angle which the face of the tooth makes with a diameter 
through the cutting edge. 

Land. — The periphery of that part of the reamer between the flutes. 

Margin, — -The cylindrical part of the land next to the cutting edge. 

Land Clearance. — Sometimes called “radial clearance.” That portion 
of the periphery of the tooth cut or, ground awajr to reduce friction in the 
hole. It enables the tooth to take a light scraping cut. Sometimes also 
called Backing-Off. 

Land-Clearance Angle or Backing-Off Angle. — The slight angle between 
the land and the back of the tooth extending the length of the flute. See 


Back Taper or Longitudinal Relief. — Slight taper given from point to 
recess. * 

Flute Radius. — Radius of curve forming back of tooth. 

Staggered Flutes or Dnequally Spaced Flutes. — Where spaces between 
succeeding teeth are not equal, used to prevent chatter and uneven cutting 
action. 

Clearance Diameter.- — The diameter measured diametrically on the relief 
angle. 

Flute Run-Out. — Where bottom of flute rises to join the body periphepr. 

Expansion Slot. — Slot milled parallel to the cutting edges and used with 
an exjjansion screw to allow the reamer to be slightly expanded in diameter. 

Helix Angle. — Angle which the flutes make with the axis. 

Lead. — The distance along the axis of one complete turn of the helix. 
May be changed to helix angle by the equation: the tangent of the helix 
angle equals the circumference divided by the lead. 


THE REAMER POINT 

Entering Taper. — Slight taper on front end of reamer to start the cut 
gradually. Generally used on hand reamers. 

Point,— Entire cone shaped portion at the cutting end of the reamer. 
The surfaces are cleared to form sharp cutting edges. 

Point Clearance. — -Clearance put on the point of the reamer, to allow it to 
cut its way into the hole. 

Point-cutting edges of the teeth are sometimes called the primary cut- 
ting edges and do the principal cutting. 

Body-cutting edges of the teeth form secondary cutting edges which 
finish the hole. 
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REAMER SPEEDS, REEDS, ATO) LUBRICANTS 

Several factors govern correct speeds and feeds. Material to 
be reamed and the reamer itself are most important. The finish 
desired, hand or machine operation, lubricant used, and whether 
reamer is piloted must all be considered. 

In general, reamers can be run at about two-thirds drill speed for 
same size. It is best to start below this and increase to best pro- 
ductivity with satisfactory reamer life. 

Feeds are from two to three times corresponding drill, but 
reamer wear and feed marks and desired production must be 
balanced against each other. For reamers smaller than | inch try 
0.002 to 0.004 inch per revolution. For | to f inch, try 0.004 to 
0.008 inch; for J to | inch, try 0.008 to 0.014 inch; for 4 to i inch, try 
0.014 to 0.030 inch; above i inch, try 0.030 to 0.050 inch. Alloy 
and hard steels use the lighter feeds, and cast iron, brass, and 
aluminum use the heavier ones. 

Tables i and 2 give suggested speeds and feeds for reamers in 
screw machines and in regular machine reaming. ^ 

Use of lubricant depends on the finish, production, material, and 
amount of stock removed. If stock removal is heavy, a flood of 
lubricant will carry away chips and heat. Good lard oil will often 
improve finish of nole reamed. 

SHARPENING REAMERS 

Reamers are correctly sharpened at the factory. To sharpen a 
dull reamer requires a good cutter grinder and a good mechanic. 


Fig. 3. —Cutting Edges of Reamer 


Instruction books with the machine show in detail how they must be 
handled. The three kinds of clearances have been mentioned. 
> Usually the point clearance is the only one for the user to watch, as 
this does most of the work and dulls frequently. ^ Oil stones should 
only be used to remove burrs, not for sizing.^ Figures 3 to ii give 
suggestions as to reamer action and sharpening. 

Land clearance is most imi)ortant, affecting both cutting action 
and reamer life. Double or single back-off with a small cylindrical 



To sharpen reamer 
grind off end XY 
and re^nnd edges 
A’ B' wi+h proper 
clearance. 


^ Top View of 
oneToo+h 

To sharpen reamer 
grind off cross 
naiched parj- “Z cand 
regrind edges A'B'with 
proper clearance. 


Fig. 4. — Grinding Reamers 



To sharpen, grind off por+ion 
X and regrind edges AB 
wifh proper clearance. 


Fig. 5. — Grinding Point for Entering Hole 


Eccentric clearance is used on removable blade reamers. It is 
good for adjustable and band reamers. Single or double back-off 
with no radial land is used for extremely free cutting, as in taper 
reamers. 
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learance allows the reamer to cut its way into the hole, 
reamers have from 8o to loo degrees included angle. 



Fig. 6 . — Reamer Ends for Different Work 



Fig. 7, — Clearance of Reamers 



Fig. 8.— How a Machine Reamer Cuts 


lamers have an entering taper of about i degree total. The 
►er point gives a scraping cut and makes a smooth, accurate 
rhe point is beveled as with machine reamers. 
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Tiie kind of material, stock to be removed, and method of reaming 
affect the type of point to be used. The illustrations in Figs. 8 

B Moiierioi! reameof nTlrT 
from hole fsxag- 
gercffleol ho show 
calf/nge^ge)- 


y 



j 







I 

•^r 

1 1 


! 


Hoind Reofmer Cuffing 


Homd Reamer af Hand Ream 

Storf of Cut 

Fig. 9. — Hand-Reamer Action 




-Set-Up for Point Grinding 


Heavv chucking 
^rk 


B C 

ig Straight Concave flank for 

flank large chip area 

Fig. 12.— Three Forms of Flutes 


and 9 are self-explanatory. They show an exaggerated amount of 
metal being removed to show cutting edges more clearly. Figures 
10 and 1 1 show set-ups for grinding reamer. 



I Room 

is over 
jding so 
iS, on an 
0 prindpi 
5, there a 
vistas of 
3hies, r 
ripts for 
,ding roorn 
stocked in ^ 
ifary was ai 

joorse® 
ins regular; 
icers of the . 
prepari 
for the enl 
Services 
^e. Over' 
\d well 


B 

Fig. 13, — ^Unequal Spacing of Flutes 


Rake angle 'Tee+h behind , 


Teeth aheacf j y 


Rake' 

angle 


Positive Rake Negative Rake 


Fig. 14.-- 


c 

Zero Rake 
{Radial teeth) 
•Rake of Reamer Teeth 


tive but cost more than unequal spacing. Heavy chucking reamers 
often have a right-hand helix to give rake to teeth on the end and 
aid in feeding reamer. For finishing, a left-hand helix is used in a 
right-hand cut to prevent drawing into the cut. A good example of 
unequal spacing is seen in Fig. 13. 

Rake of Teeth 

Examples of tooth rake are given in Fig. 14. In general, straight 
fluted reamers have a slight negative rake, whereas heHcai reamers 
have a slight positive rake. Suggested point grinding for different 
metals is shown in Fig. 15. 


FORM OF FLUTES 

The form of reamer flute is important because it affects the 
strength of the tooth and the chip space. Both these are important 
in taper and machine reamers. Fillets are always necessary. 
Figure 12 shows three types, A for heavy chucking, B with straight 
flanks,* and C with concave flank. This gives more chip space and 
is used for irregular spacing as lands can easily be kept at uniform 
width. 

Chatter 

Chattering is, counteracted by using an odd number of flutes, 
helical flutes, or unequal spacing. The first method is usually 
ineffective and makes calipering difficult. Helical flutes are effec- 


REAMER CLEARANGE 


From a00r'foa00S''/ess „ 

fhan front cuff ina dicfm. clearance 
to suit' length of blade, ang/e'^^ Size 

Seeco/uim"C' ^=hnc/ ,) -J?r+5T 

c/ean>ncefler/x/,onc//«f»> 

under cuff/na Tie ^ 


Reoimer 

Size 





0,005"less cuffing diam 1 0,005''' less cuffing dhm\0.005"less cuffing diamS 




^r.nrtfr j.±^ /* i ^ xz- /• BacK taper 0.005 

\005' less cutting d/atn.\ 0.Q05"lesscuftmgdiam. p^f. dtam. 


7. W\u.r^^0.20" 8, ^0.006'' 9, 5"4f. 

0.005"le$s cutting diam. 0.005"less cuffing diam. O.OOSless cutting diam^. 


',^Ll&^^%nd T'reoim€raf90 

nfn??-'^ r.p.m.0.0t2''to 

23°,^ -Sn o!oiS" siock on 

l_J|J_J" y / m_J 3 ' O.OIOr+o 

0.00}"kssctiHing diam. 0.006“lesscuH-ingeliam 0.OI5"feecl 






0,005" less cuffing diam. 



A‘Hofanat 

^6’ 


(vRecJ broiss 5. Aluminum 1 1. Ampco mefoil 

2. Bronze, cdsf bronze 6. Aluminum bronze 12. Die ccust metab 

3. Cas+iron, steebharol 7. Lyni+e zincboise 

oduminum casting 8. Steel tubing 13.Nii"ralloy 

4Xopper, babbi+t, 9. Sfeel forging 14. Dow metai (cast 

soft bearing metal 10. Malleabje iron magnesium alloy) 


Fig. 15. — Reamers for EiSerent Metals 

The tables that follow give clearance used in grinding reamers for 
various purposes. 
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REAMER CLEARANCE 

Grottnd witli Cup Wheel 3" dia. — Tooth Rest to be Set 
Central with Grinding Wheel Spindle. Set Work 
holding Centers above Emery Wheel Center by 
Amount given below in Tables No. 1-2 and 3. 


oeiow Work 
Holding Centers. 
Amount given 
Below in Table 
No. 4 


TABLE I 

Hand Reamer for Steel 
Cut’g Clearance land 
*006 Wide 

table 2 

Hand Reamer 
for Cast Iron 
and Bronze 
Cut’g Clear- 
ance Land 
.025 Wide 

TABLE 3 

Chucking 
Reamer for 
Cast Iron and 
Bronze Cut’g 
Clearance 
Land .025 
Wide 

TABLE 4 

Chucking Ream- 
ers for Steel Cir- 
cular Ground 

Size of 
Reamer 

For Cutting 
Clearance 

For Second 
Clearance 

For Cutting 
Clearance 

For Second 
Clearance 

For Cutting 
Clearance 

For Second 
Clearance 

Angle on 
End of 
Blade 

For Cutting 
Oeaiunce 
on Angle 


.012 

.052 

.032 

.072 

.040 

.080 

45 Degrees 

•oSo 


.012 

•057 

.032 

.072 

.040 

.080 

45 


.oSo 


.012 

.062 

.032 

.072 

.040 

.090 

45 

** 

,090 

K 

.012 

.067 

.035 

•095 

.040 

.100 

45 

it 

.100 


.012 

.072 

.035 

•09s 

.040 

.100 

45 


.100 

ir 

.012 

.077 

•037 

.095 

.045 

.125 

45 


•125 ■ 


.012 

.0S2 

.040 

.120 

•045 

.125 

45 

it 

.125 

K 

.012 

.087 

.040 

.120 

.045 

.125 

45 

tt 

.125 

1 " 

.012 

.092 

.040 

.120 

.045 

.125 

45 


.125 


.012 

.097 

.040 

.120 

.045 

.125 

45 


•125 

Ip 

.012 

.102 

.040 

.120 

.045 

.125 

45 

« 

.125 


.012 

.106 

.042 

.122 

.045 

.125 

45 


.125 


,012 

.112 

•045 

•14s 

.050 

.160 

45 


.160 


.012 

.118 

•045 

.145 

.050 

.160 

45 

» 

.160 


,012 

.122 

•045 

•145 

.050 

.160 

45 


•175 

If/ 

.012 

.127 

.045 

•145 

•OSS 

•175 

45 


.175 


.012 

.132 

.048 

.168 

•OSS 

•175 

45 


.175 

if/ 

.012 

.137 

.050 

.170 

.055 

•175 

45 


•175 


.012 

.142 

.050 

.170 

.060 

.200 

45 


.200 

i|/ 

,012 

.147 

.050 

.170 

.060 

.200 

45 


.200 

i| 

.012 

.152 

.052 

.192 

.060 

.200 

45 


.200 

iir 

.012 

•IS 7 

.052 

.192 

.060 

.200 

45 


.200 

i| 

.012 

.162 

.056 

.196 

.060 

,200 

45 


,200 

lir 

.012 

.167 

.056 

.196 

.064 

.206 

45 


.200 

2 " 

.012 

.172 

.056 

.216 

.064 

.224 

45 


.225 


.012 

.172 

.056 

,216 

.064 

.224 

45 

“ 

.225 

4*" 

.012 

.172 

.059 

.219 

.064 

.224 

45 


.225 

2f/ 

.012 

,172 

•059 

.219 

.064 

.224 

45 

“ 

; .225 

4 " 

.012 

.172 

•063 

•223 

.064 

.224 

45 


.235 


X >12 

.172 

.063 

.223 

.064 

.224 

45 


.225, 

2I '' 

.012 

.172 

.063 

.223 

.068 

.228 

45 


.230 

2f/ 

.012 

.172 

.063 

.223 

.068 

.228 

45 


.230 

4" 

.012 

.172 

.065 

•225 

.072 

,232 

45 


.230 

2tV 

.012 

.iy2 

d6s 

.225 

.072 

.232 

45 


' .230 

2P 

. 0 X 2 

.172 

.065 

.225 

.075 

> 235 , . . 

45 , . 

' ' 

•235 

4/ 

.012 

.172 

.06s 

.225 

•075 

•235 

' 45 ' 


•23 s 

4 ^ 

.012 

.X 72 

.06s 

' . 22 $ 

.077 

' " *237'.''" 

45 


.240 


Mount Tooth Rest on Grinding Wheel Head 


Mount Tooth 
Rest on Table 
of Machine 
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REAMER CLEARANCE 

Ground with Cup Wheel 3" dia.— Tooth Rest to be Set 
Central with Grinding Wheel Spindle. Set Work 
Holding Centers above Grinding Wheel Center by 
Amount given below in Tables No. 1-2 and 3. 


Set Tooth Rest 
Belo w W o rk 
Holding Centers - 
Amount given 
Below in Table 
No. 4 


TABLE I 

Hand Reamer for Steel 
Cut’g Clearance Land 
,006 Wide 

TABLE 2 

Hand Reamer 
for Cast Iron 
and Bronze 
Cut’g Clear- 
ance Land 
,02s Wide 

TABLE 3 

Chucking 
Reamer for 
Cast Iron and 
Bronze Cut’g 
Clearance 
Land .025 
Wide 

TABLE 4 

Chucking Ream- 
ers for Steel Cir- 
cular Ground 

Size of 
Reamer 

For Cutting 
Clearance 

For Second 
Clearance 

■ 

For Cutting 
Clearance 

For Second 
Clearance 

For Cutting 
Clearance 

For Second 
Clearance 

Angle on 

E n d 0 f 
Blade 

For Cutting 
Clearance 
on Angle 

2|r 

.012 

.17a 

.065 

.225 

.077 

•237 

45 Degrees 

.240 

21 ' 

.012 

.172 

.070 

.230 

.080 

.240 

45 


.240 


,012 

.172 

.070 

.230 

.080 

.240 

45 

“ 

.240 

3^ , 

.012 

.172 

.072 

.232' ■■ 

.080 

.240 

45 

** 

.240 


.012 

.172 

.072 

.232 

.oSo 

.240 

45 


.240 

3i " 

.012 

.172 

.075 

.235 

.083 

.240 

45 


.240 

3 iV 

.012 

.172 

.075 

.235 

.0S3 

•243 

45 


.240 

3i " 

.012 

.172 

.078 

.238 

.083 

.243 

45 

** 

.245 


.012 

.172 

.078 

.238 

.087 

•243 

45 

** 

•245 

3I 

.012 

.172 

.081 

.241 

.0S7 

•247 

45 


•24s 

sfs ; 

.012 

.172 

.081 

.241 

.090 

•247 

45 


•24s 

31 " 

.012 

.172 

.084 

.244 

.090 

*250 

45 

** 

•250 


.012 

.172 

.084 

.244 

.090 

.250 

45 

** 

.250 

3l' 

.012 

.172 

.087 

.247 

.093 

•253 

45 


.250 


.012 

.172 

,087 

.247 

• 0 P 3 

•253 

45 


.250 

3 L 1 

,012 

.172 

.090 

.250 

*097 

•257 

45 


*255 

3 P" 

.012 

.172 

•090 

.250 

.097 

•257 

45 

** 

.255 

3I " 

.012 

*172 

.093 

•253 

.100 

.2^ 

45 


•255 

3 ir 

-012 

.172 

.093 

•253 

.100 

.260 

45 

“rt 

*255 

4 „ 

.012 

.172 

.096 

.256 

.104 

.264 

45 


.260 


■ ,012 

.172 

.096 

.256 

.104 

.264 

45 

it 

.260 

4I " 

,012 

.172 

.096 

.256 

.104 

,264 

45 


.260 

4 lV' 

.012 

.172 

,096 

.256 

.106 

.266 

45 


.260 

4i ' 

.012 

.172 

.096 

.256 

.106 

.266 

45 


.26s 


.012 

.172 

.096 

.256 

.106 

.266 

45 


.265 

41 ' 

.012 

.172 

.096 

.256 

,108 

.268 

45 

** 

.265 

4/3" 

.012 

.172 

.096 

•256 

.108 

.268 

45 


.265 

4 i" 

.012 

.172 

.100 

.260 

.108 

.268 

45 


.265 

Afsl 

.012 

.17a 

.100 

.260 

.108 

.268 

4 d 


.265 

4 t " 

.012 

.172 

.100 

.260 

.110 

•270 

45 


.270 

4k 

.012; ' 

.172 

.100 

.260 

.110 

.270 

45 

** 

.270 


J012 

.172 

.104 

.264 

.114 

.274 

45 


.275 


.012' 

.172 

.104 

.264 

.114 

.274 

45 

<» 

.275 

4 ; 

.012 

.172 

.106 

.266 

.116 

.276 

45 


.275 

4 il" 

.012 

.172 

,106 

.266 

.116 

.276 

45 

<« 

.275 

s 

.012 

.172 

.no 

.270, ■ 

.118 

.27S 

45 

(( 

.275 

sl " 

.012 

.172 

.118 

■ .278 







Mount Tooth Rest on Grinding Wheel head 
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Cxjp Wheel Clearance Table Disk Wheel Clearance Table 


For setting tooth rest to obtain 
5° or 7® clearance when grinding 
peripheral teeth of milling cutters 
with cup-shaped wheel. Tooth 
rest is set below work centers as 
at A, the distance being found in 
the table below. 


Giving distance B for setting 
work centers and tooth rest be- 
low center of w'heel spindle to 
obtain 5® or 7® clearance with 
wheels of different diameters 
when grinding with periphery of 
disk wheel. 


Dia, 

Cutter 

Inches 

For s® 
Clearance 

For 7® 1 

Clearance 

Dia. of 
Wheel 
Inches 

Fors® 

Clearance 

For 7® 
Clearance 

i 

.on 

.oiS 

2 

•0937 

.125 

i 

.015 

.022 

2i 

.099 

.141 

i 

.022 

.030 

4 

.no 

.156 

f 

.028 

.037 


.125 

.172 

i 

•033 

•045 

3 

.132 

.187 

i 

•037 

.052 

si 

.143 

.203 

1 

.044 

.060 

si 

.154 

.219 

li 

•05s 

-075 

of 

.165 

.234 

li 

.066 

.090 

4 

.176 

.250 

If 

.077 

.105 

4 i 

.187 

.265 

2 

.088 

,120 

4 i 

.198 

.281 


.099 

•135 

4 i 

.209 

.297 

21 

.no 

.150 

5 

.220 

.312 


.121 : 

.165 


.231 

.328 

3 

. -132 

.180 

si 

.242 

.344 

3 i 

.154 

.210 

Si 

•253 

•359 

4 

.176 

.240 

6 

,264 

•375 

4 i 

.198 

.270 

(>\ 

.275 

•390 

5 

.220 

.300 

6 i 

.286 

.406 

5 i 

.242 

•330 

6 i 

.297 

.421 

6 

.264 

,360 

7 

.308 

•437 
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Reaming Speeds and Feeds in Screw Machines 


Diameter 
of Reamer, 
in Inches 

Feed per 
Revolution, 
in Inches 

Amount to 
Remove on 
Diameter, 
in Inches^ 

R.P.M. at Various Peripheral Speeds 

Screw 
Stock at 
40 Feet 

Brass 
Rod at 
130 Feet 

Cast 
Iron at 
45 Feet 

Tool 
Steel at 
25 Feet 

1 

0.005 

0.004s 

; 1222 

3972 

1375 

764 

1% 

0 . 006 

0.0045 

81S 

; 2648 

917 

509 


0 .007 

0 .006 

611 

1986 

688 

382 

1 

0.008s 

0.006 

407 

1324 

458 

254' 


o.oios 

0 .008 

306 

993 

344 

191 

. 5 . 

0.012 

0.008 

24s 

795 

275 

IS3 

, 1 '■ ' ' ! 

0.014 

0.008 

204 

662 

, 229 

127 

. ■ I ; ■ 

0.016 

P.OIO 

153 

497 

172 

95 


0 .oiS 

0.010 

122 

397 

138 

76 

I'l 

0 .020 

0.010 

102 

331 

IIS 

63 

"if" 

0.022 

0.010 

87 

284 

98 

54 

'."2 

0.024 

0.013 j 

76 

248 

86 

48 


0.026 

0.013 

68 

220 

76 

42 

, 2-r 

0.028 

0 .013 

61 

199 

69 

38 

2 'i 

0.030 

0.013 

56 

181 

63 

35 

3 

0.032 

0.013 

SI ' 

T6S 

57 

32 


* It is common practice to drill the hole to be reamed with a drill inch 
undersize. This theoretically leaves 0.015 inch stock to remove on the 
diameter. However, the drill will cut oversize from 0.001 to 0.005 inch, 
depending on how accurately it is sharpened. 


Reaming Speeds por Various Materials 
Reamers with carbide blades can usually be run at a speed two to 
three times as great as that shown for high-speed reamers. 


Material to Be 
Reamed 

Cutter Speed in Ft, per Min. 

High- 

Speed 

Steel 

Super 

Hi-Speed 

Steel 

Rexalloy 

Tantalum 

Carbide 

Tungsten 

Carbide 

Aluminum 

7SO 


1150 


1500 

Brass, soft. . ..... 

I2'S 


200 


475 

Bronze, hard 

100 


150 


325 

Bronze, very hard 

4^ 

60 



170 

Cast iron soft. . . . 

65 

90 

no 


200 

Cast iron hard. . . . 

40 

55 

75 


175 

Cast iron chilled . . 


40 

SO 


150 

Malleable iron . . . . 

85 

100 

130 


310 

Steel soft. . . . ... , 

75 

8s 


200 


Steel medium 

65 

75 


x6s 


Steel hard*. 

40 

55. i 


125 
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h = 0.649519 X p = 
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Definition of Taps 




Tapping of threaded holes plays such an important part in all 
machining that full information as to standard taps available, the 
terms used, and other data are essential. Few shops however make 
any but special taps so that detailed information as to these seems 
unnecessary. The kinds and sizes of taps that are available, 
together with the tolerances to which they are made, are given in 
the tables which follow. These are the standards of the American 
Standards Association, May, 1938. It must be remembered 
however that because of the wide variation in manufacturing 
methods and shop conditions, the size of the tapped hole cannot be 
guaranteed. 

Cut thread taps made to the specifications given in the tables, 
when used under normal conditions, should, in the majority of cases, 
produce holes within Class 2 tolerances of the American Standard 
for screw threads. 

Ground thread taps made to the specifications given in the tables 
when used under normal conditions, should, in the majority of 
cases, produce holes within Class 3 tolerances of the American 
Standard for screw threads. 

Form of Thread. — The form of thread profile as specified for the 
taps covered by this standard is known as the American Standard 
Form.’’ The basic angle of thread between the sides of thread 
in an axial plane is 60 degrees. The line bisecting this 
6o”degree angle is perpendicular to the axis of the screw thread. 
The basic depth of the thread form h is found as follows: 


The basic pitch diameter is the number obtained by subtracting 
thread depth from the basic major diameter ; that is, ‘ 


Hatwi Tap.- — Probably the original style of tap. So called 
is primarily for use by hand. Today, however, standard hand taps 


D -h 


Basic pitch diameter = 


= major diameter. 

= depth of thread. 

= number of threads per inch. 
= pitch of thread. 





TAP DEFINITIONS 



are used largely in machines, They are short taps with thread and shank 
of approximately the same length, the latter having a square to accommo- 
date a tap wrench or other driving mechanism. Made in fractional sizes 
only. 

Two- or Three-Fluted^ Tap. — Standard hand tap in every respect mth 
two or three flutes. Suitable for machine use in tapping tough stringy 
metal. 

Spiral (Helical) Pointed Hand Tap.-^-Standard hand tap with a fewer 
number of flutes and wider lands and with^ the cutting face of the first few 
threads ground at an angle to force the chips ahead to prevent clogging in 
the flutes. 

Serial Hand Tap. — Standard hand taps in sets of three, the No. i being 
smaller than the No. 2 and the No. 2 being smaller than the No. 3, so that 
the work is divided among three taps. For very tough metal where a full 
thread cannot be cut at one pass. Distinguished by rings on the shank near 


xne squa,i«. 

Standard Machine Screw Tap. — This is similar to the standard hand 
tap except that it is made in numbered or machine screw sizes. 

Spiral (Helical) Pointed Machine Screw Tap. — See Spiral (Helical) 
Pointed Hand Tap. 

Stub Machine Screw Tap. — A machine screw tap with three flutes for 
all sizes and with a thread ^considerably shorter than a standard machine 
screw tap. For use in tapping thin metal, and to overcome breakage. 

Spiral (Helical) Pointed Stub Machine Screw Tap. — Stub machine screw 
tap having two flutes with the cutting face of the first few threads ground at 
an angle to force the chips ahead and prevent clogging of the flutes. 

Hut Tap. — A tap designed for the use of shops that tap their own nuts, 
generally from blanks supplied by a nut manufacturer. They are usually 
made with a taper in the angle of the thread so that a full form thread can he 
produced. The length overall, length of thread, and length of shank are 
longer than a standard hand tap. 

Straight-Shank Tapper Tap. — -A tap used by nut manufacturers in tapping 
nuts in vertical spindle machines. They are 12 or 15 inches long and the 
nuts are allowed to accumulate on the shank during the tapping operation. 
Shanks are machined to fit the various spindles in ordinary use. Made in 
both fractional and machine screw sizes, 

Bent-Shank Tapper Tap. — A tap designed for use in an automatic tap- 
ping machine. The nuts are fed to the taj) by a hopper, and there is a 
continual production of tapped product without stopping or reversing. 
Made in both fractional and machine screw sizes. 

Pulley Tap. — Originally designed for use in tapping setscrew holes in the 
hubs of steel pulleys. The thread length is approximately equal to that of 
a standard hand tap, while the shank is full diameter of the thread and 
comes in various lengths. Recently the field for this tap has been expanded 
to meet the demands of those who want hand taps in longer lengths. 

Taps for Beaman and Smith Holder. — A hand tap having a shank turned 
and splined to fit the friction tap holder put out by Beaman and Smith. 
The demand for this tap is gradually diminishing. 

Straight Boiler Tap. — A hand tap having 12 threads per inch. Used by 
railroads and locomotive builders for tapping straight holes in boiler plate 
by hand. 

Taper Boiler Tap.— A hand tap having a |-inch taper per foot, 1 2 threads 
per inch. Used by locomotive builders and railroad shops for tapping taper 
threaded holes in boiler sheets. 

Mud or Washout Tap. — ^A hand tap having if-inch taper per foot, 12 
threads per inch. Used in tapping and retapping the holes in mud drums 
in boiler work, 

Staybolt Tap. — A tap having 12 threads per inch, provided with a long 
shank and reamer section. Used by boiler makers in tapping boiler sheets 
preparatory to inserting the staybolts. The tap is generally used in an, 
air drill. Is also made with a V thread. 

Spindle Staybolt Tap. — ^A short tap with a hole drilled through its entire 
length through which fits a spindle which acts as a guide. Used for tapping 
holes from the inside of fire boxes in locomotive work. 

Taper Pipe Tap.— A hand tap used for tapping all kinds of American 
Standard t^er pipe fittings, either by machine or by hand. 

Straight Pipe Tap,— A hand tap the same as the taper pipe tap except 
that the threaded portion is straight and of proper size for tapping American 
Standard straight pipe thread. 
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Goupling Tap. — A tap used by the manufacturers of pipe couplings for 
tapping their product. It is a straight tap and passes eritirely through the 
coupling during the threading operation. The shank is long enough to 
accommodate two tapped couplings. 

Combined Pipe Tap and Brill.— A taper pipe tap having an extended 
point suitable for drilling and a taper square shank. Used for drilling and 
tapping holes in range boilers and similar work in one operation. 

Screw Thread Terms and Definitions 

Allowance. — The intentional difference in dimensions between the mini- 
mum hole and the maximum screw which indicates the minimum clearance 
or maximum interference intended between mating parts. 

Angle of Thread. — The angle included between the sides of the thread, 
measured in an axial plane. 

Axis of Screw. — The longitudinal central line through the screw from which 
all corresponding parts are equally distant. 

Back Ta^jer. — A slight relief on the body of the tap axially, which makes 
the pitch diameter of the thread near the shank somewhat smaller than that 
at the point. 

Base of Thread.— The bottom section of a thread; the greatest section 
between the two adjacent roots. . 

Basic. — The theoretical standard size from which all variations are made. 

Chamfer.— The tapering of the end of the tap by cutting away the crest 
of the first few threads to distribute the putting action over several teeth. 
It also acts as a guide in starting the tap into a hole. 

Crest,— The top surface joining the two sides of a thread. 

Crest Clearance. — Defined on a screw form as the space between the crest 
of a thread and the root of its component. 

Depth of Engagement.' — The depth of a thread in contact, of two mating 
parts — measured radially. 

Depth of Thread. — The depth of thread, in profile, is the distance between 
the top and the base of thread measured normal to the axis. 

Flute. — That portion cut avray between the lands. 

Helix Angle — Thread. — The angle made by the helix of a thread at the 
pitch diameter with a plane perpendicular to the axis. 

Helix Angle — Flute. — The flutes of taps are sometimes cut helically instead 
of straight to either pull the chips out of the hole or to bridge a gap such as 
a keyway. This helix angle is the angle made by the flute with the axis of 
the tap. 

Interrupted Thread. — Applied to taps^with an odd number of flutes so 
that every other tooth along the helix is removed. _ This reduces friction 
and allows thicker chips per tooth to be taken and is sometimes used for 
relatively large taps in tough metals. 

Land. — That portion of a thread not cut away bjr the flutes. 

Lead. — The distance a screw thread advances axially in one turn. On a 
single screw thread the lead and pitch are identical. On a double thread 
screw the lead is twice the pitch: on a triple thread screw the lead is three 
times the pitch, etc. 

Length of Measurement. — The length of contact between two mating 
parts measured axially. 

Limits. — The extreme dimensions which are prescribed to provide varia- 
tions in fit and workmanship. 

Major Diameter.— Commonly known as outside diameter. On a straight 
screw thread the major diameter is the largest diameter of the thread on 
the screw or nut. The term “major diameter” replaces the term “outside 
diameter” as applied to the thread of a screw and also the term “full diam- 
eter” as applied to the thread of a nut. 

Minor Diameter. — Commonly known as core or root diameter. On a 
straight screw thread the minor diameter is the smallest diameter of the 
thread on the screw or nut. The term “minor diameter” replaces the term 
“core diameter” and “root diameter” as applied to the thread of a screw 
and also the term “inside diameter" as applied to the thread of a nut. 

Number of Threads.— The number of threads in one inch of length. 

Pitch. — The distance from a point on a screw thread to a corresponding 
point on the next thread measured parallel to the axis. The pitch equals 
one divided by the number of threads per inch. 

Pitch Diameter. — ^On a straight screw thread the pitch diameter is the 
diameter of an imaginary cylinder which would pass through the threads at 
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such points as to make the width of the thread and the width of the spaces 
between the threads at these points equal. 

Rake.-— Hook or undercut on the face of the teeth. When the faces are 
radial, the rake angle is zero. The rake angle is positive when the outer 
end of the teeth is ahead of the bottom. The rake angle is varied for 
different materials and ^conditions of tapping. 

Relief.-— The condition whereby metal is removed from behind the 
cutting edge to produce clearance and reduce friction. Taps should have 
the chamfer relieved and may or may not have relief in the angle and on the 
major diameter of the threads. 

Root. — The bottom surface joining the sides of two adjacent threads. 

Screw Thread.— A ridge of uniform^ section of some desired profile gen- 
erated in the form of a helix on the inside or outside of a cylinder or cone. 

Side of Thread. — The surface of the thread which connects the crest with 
the root. 

Thread, V. — A form, of thread having 60-degree angle and sharp top and 
bottom. Impossible in practice and always more or less modified to suit 
individual conditions. 

Tolerance. — The difference between the limits or maximum and minimum 
dimensions of a given part. A tolerance may be expressed as plus or minus, 
or both. A total tolerance is the sum of a plus and minus tolerance. 


MARKING 

General.— All taps, dies, and other threading tools shall be 
clearly marked with the nominal size, number of threads per inch, 
together with the proper symbol to identify the thread form. 

NC — ^indicating American Standard coarse-thread series. 

NP — vindicating American Standard fine-thread series. 

N — indicating American Standard 8-pitch, iz^pitch, and 16-pitch series. 

NS • — ^indicating special threads with the American National form, 

NH — indicating American National hose-coupling threads. 

NPT — ^indicating American Standard taper-pipe threads. 

NPS — indicating American Standard straignt-jiipe threads. 

Grease — ^indicating a standardized undersize straight pipe thread ier grease 
cup_ fittings. 

V — indicating a 60-degree V thread usually with both the crest and 

root_ flatted several thousandths from the theoretical to users’ 
specifications. 

Acme — vindicating American Standard 29-degree acme-type thread. 


Ground Thread Taps 

All commercial ground thread taps made to the thread limits 
shown in Tables 3 and 6 will be marked with one ring on the shank 
near the thread in addition to the standard marking. 

All precision ground thread taps made to the thread limits shown 
in Table 4 will be marked with the limit number. Other pre- 
cision ground thread taps will be marked with the same limit 
number, as follows: 


Taps having a P.D. between basic and minus 0.0005 01 

Taps having a P.D. between basic and plus 0.0005 . . . i 

Taps having a P.D. between .0005 to 0.0010 over basic, . . 2 


Ground thread pipe taps made to Tables 8 and 9 will be 
marked 

Other Special ground thread taps will be marked CG if the pitch 
diameter grinding tolerance is equal to or greater than shown on 
page 174, and will be marked PG if it is less. 
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■, . ' Inches 

4 to 5| threads per inch, inclusive. ............. . . . 0.0020 

6 threads per inch. ......... , . .......... . . ...... 0.0018 

7 threads per inch. 0 . 0015 

8 threads per inch. • . • o . 0014 

9 threads per inch o . 001 2 

10 and III threads per inch o . 001 1 

12 threads per inch and finer • • 0.0010 


Mtiltiple-Tliread Taps and Dies 

^Taps and dies having multiple threads will be marked with (i) 
diameter, (2) number of threads to the inch, (3) form of thread, (4) 
lead designated in fractions, and (5) double, triple, or quadruple. 

Example. — A i-inch, 16 double-thread special tap with American 
National form of thread will be marked as follows: 

i"-i6NS 
Lead Double 

The same tap with acme thread will be marked as follows: 

I "“1 6 Acme 
J Lead Double 


American Standard Thread Series 

The American Standard coarse thread series includes the follow- 
ing sizes and pitches: 


No. 1-64 NC 

¥'"9 

NC 

No. 2 ~s 6 NC 

1" -8 

NC 

No. 3-48 NC 

iV'-7 

NC 

No. 4-40 NC 

i¥'-7 

NC 

No. s-40 NC 

ir'-6 

NC 

No. 6-32 NC 

i|"-6 

NC 

No. 8-32 NC 


NC 

No. 10-24 NC 

2" -4l NC 

No. 12-24 NC 

2 ¥'~‘ 4 h NC 

-20 NC 

2r'-4 

NC 

^"-18 NC 

2r'-4 

NC 

1" -16 NC 

3^' -4 

NO 

^"-14 NC 


NC 

-13 NC 

3¥'-a 

NC 

^"-12 NC 

317-4 

NC 

I - NC 

4 ''-4 

NC 

1" -10 NC 




The American Standard fine thread series includes the following 
sizes and pitches: 


0- 80 NF 

1- 72 NP 

2- “64 NF 
3~s6 NF 

4- 48 NF 

5- 44 NF 

6- 40 NP 
8-36 NF 

No. 10-32 NP 
No. 12-28 NF 
i" -28 NF 
^^'-24 NF 


No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 


I" -24 NF 
NF 
-20 NP 
*"-i8 NF 
I" ~i8 NF 
1 ^' -16 NF 
r -14 NF 
-14 NF 
1 " -12 NP: 
I". -12 NF 
I" -12 NF 
Y' -12 NF 


The American Standard for screw threads includes also an 8-pitch, 
12-pitch, and 16-pitch series. 
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Size of 
Square 


t^OOONO 

NO H coco 

W M W <M 

0000 

« 10 CM OO 
CMvO 0 

CM CM fO CO 

0 0 00 0 

CM CO 0 CM nO 
't CM 0 t^NO 
■'t’O'O'O 0 

0000 o' 

H to ft CM ft fO 
ro CM 1> ro CO 

00 ft ft 0 w CM 

0 0 0 H W H 


5 0 

Q 

POWOO H 
es» 1/5 M DO 

C<J fO CO 

0' 0’ 0 'O 

CO ft 0 CM 

WOCMOO'it 
CO CO -Ml- ■Cj- 10 

00000 . 

0 1> 00 H 
ft ft 0 Ift CM 

irjvooo 00 0 

0 0 0 0 w 

00 CO lo 0 ft 't 

0 CO 0 (0 M -Ct* 

W CM CO »On 0 

H H H H M H 


U-4 

0 0 
^ *2 

■^3 0 

fi 0* 

M 



H 

H H W H M H 

Dimensions 

<4-1 

0 TCJ 

<u £h 

W W H 

^|<0r4ciHe<n|<980l«0 

H «|p® wIwhIhhH 
w W W H W 

H5.*-S'HS 

CM CM CM CM CM 

HS"1SHS»!S 

ro CO CO CO CO CO 

»cj ^ 

44 

Sf 

% > 

(PilMus!® 

N C4 <s N 

fO ro CO CO 't 

^ Tt u> to lo 

nOnOnO «>!>«> 

Number 
of Flutes 

-cci- r:t 'it 

•<lt "Ct 

"Ct 't '5t 't "t- 

'ct’t'O'O'OvO' 


*3 

0 

CO 

^2; 

: : : : : : : .*'2 : : : : : : : ; : : : 

, 

'S 

Q 

ft 

CO 

12; 

•00 't'!t 

• N « 

0 0°®®® • 

NO "Nt •'tCM CM 

H M H M K 

CM CM .... 

M H . 








0 

« 

H-t 

U 

0 

s 

0 

jz: 

• 000 'O 

■ IN H W 

-Nt CO CM H • 

H W M H • 

0 ftoo 

H 

<50 • ' • v •, 

P4 

cd! 

s 

0} 

OT 

ti 

0 

c3 

* 

CO 

N W 

N 

«o 

M W 

J> 

t>. C"0 

CM CM H 

4 ? ^ ^ cm" w 

CM M H 

H 

1> !> * • 
c« w <M ; * 

cT w dT * • 

W H W ^ * 

I ^ ■ 


* 

•CO 't't 
• N « (N 

0 00000 • 

CM CM H H • 

\0 "Nt CM CM 

M M W M M 

CM CM » . . • 
W,H • . . • 


* 

0 

12: 

• 0000 

. H H 

MpfO CM H • 

H M H H • 

0 000 tr-^ tr^ 

M 

■ . "Win 

nOnO, ,* to '•■'t' 

Diameter 
of Tap 

HShh.HS«i« 


«q(4lH«) Hojf-H 
W H M 

M H H W M Cl 


ill dimensions are given in inches. 

JC = coarse threads; NF ~ fine; NS = special. 
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Table 2. — ^Tolerances 


Element 

Range 

i 

Direction 

Tolerance 

Cut 

Thread 

Ground 

Thread 

Length over all (A) 

^ to 1 

inch 

Plus or minus 

■h 

is 


li to 2 

inch 

Plus or minus 

is 

is 

Length of thread (B) , . . 

^ to ^ 

incl. 

Plus or minus 

A 

A 


i to i 

incl. 

Plus or minus 

A 

is 


^to li 

incl. 

Plus or minus 

■is 

■h 


if to 2 

incl. 

Plus or minus 

f 

f 

Length of square (C) . , . ^ 

to I 

incl. 

Plus or minus 

■ ■is 



if to 2 

inch 

Plus or minus 

"is 


Diameter of shank (D) . 

to 

inch 

Minus 

0.004 

0 .0015 


i to f 

incl. 

Minus 

o.oos 

0,0015 


^ to I 

inch 

Minus 

o.oos 

0.002 


if to if 

inch 

Minus 

0.007 

0 . 002 


l| to 2 

incl. 

Minus 

0.007 

0.003 

Size of square (E) 

■it to f 

incl. 

Minus 

0.004 

0 .004 


A to I 

incl. 

Minus 

0.006 

0.006 


if to 2 

incl. 

Minus 

0,008 

0.G08 


All dimensions are given in inches. 

These taps are furnished with American National form of thread in taper, 
plug or bottoming style, except where so stated. 

Cut thread taps will be furnished unless ground thread taps are specified. 
Cut thread taps up to A inch inclusive have external center on thread 
end; sizes f inch and larger have internal center in thread end. 

All ground thread taps i inch and larger have internal center in thread end. 
Machine screw taps are recommended for sizes under i inch. 

Sizes and dimensions not listed are special. 

Left-hand taps are special. 

Lead Tolerance 
Cut threads, ± 0.003 inch per inch of thread. 

Ground threads, ± 0.0005 mch per inch of thread. 


Angle Tolerance — Cut Threads 


Threads per Inch 

Error in Half- Angle 

Error in Full Angle 

4f to Sf 

± 3 S' 

S 3 ' 

6 to 9 

±40' 

60' 

10 to 28 

± 45 ' 

68' 

30 to 64 

±60' 

90' 


Angle Tolerance — Ground Threads 


All di 
* NC = 


Threads per Inch 

Error in Half- Angle 

.'I 


6 to 9 

i’ ' ■ ■■ ■■ ■ ■ ■■ 

± 2 S' 



10 to 28 

±30' 
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O fO Ov Oi Os 'sj-vo O Os OsvO '^'O Os O sO <M sO C 
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H « t^5C rO ^ Os O lOsO O (M <0 Osoo w O M N »r) ro t- 

(M oi w W fOfOrO'!t'5t'«i’>J^vi'o UJSO ^*00 50 Os Os O C 
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Table 4.— Haistd Taps, Peecision Geounb Thread— National 
■;;'Form 


Size 

Threads per 
Inch 

Major 

Diameter 

Basic 

Pitch 

Diam. 

Pitch Diameter Limits 

1. iL 
01 Limit 

mit 1 \3 L: 
2 Limit 

mit 

NG 

NF 

NS 

Mini- 

mum 

Maxi- 

mum 

Mini- 

mum 

01 

Max. 

01 

Min. 

I 

Max. 

1 

Min. 

2 

Max. 

2 

Min. 

3 

Max- 

imum 

3 

i 

20 



0.2540 

0.2550 

0 . 2 I 7 S 

0.2170 

0.217s 

0.2180 

0.218s 

0.2190 

i 


28 


0.2525 

0.2535 

0.2268 


0.2268 

0,2273 

0.2278 

0.2283 


is 



0.3170 

0.3180 

0.2764 

0.2759 

0.2764 

0.2769 

0.2774 

0.2779 



24 


O.31SS 

0.3165 

0.2854 


0.2854 

0.2859 

0.2864 

0.2869 

1 

16 



0.3800 

0.3810 

0.3344 

0.3339 

0.3344 

0.3349 

0.3354 

0.3359 

I 


24 


0.3780 

0.3790 

0.3479 


0.3479 

0.3484 

0.3489 

0.3494 


14 



0.4435 

0.4445 

O.3911 

0.3906 

0.3911 

0,3916 

0.3921 

0.3926 



20 


0.4415 

0.442s 

o./oso 


0.4050 

0.4055 

0.4060 

0.406s 

% 

13 



0.506s 

0.507s 

0.4500 

0.4495 

0.4500 

0.4505 

0.4510 

0 . 4 SIS 

h 


20 


0.S040 

O.SO50 

0.4675 


0.4675 

0.4680 

0.4685 

0.4690 


12 



0.5690 

0.5700 

0.5084 ! 


0.5084 

0.5089 

0.5094 

0.5099 



18 


0.5670 

0.5680 

0.5264 


0.5264 

0.5269 

0.5274 

0.5279 

f ' 

II 



0.6320 

0.6330 

0.5660 

, 

o.s66oi 

0.566s 

0,5670 

0.5675 

'T '* 


ik 


0.629s 

0.6305 

0.5889 


0.5889 

0.5894 

0.5899 

0.5904 

f ' 

10 



0.7575 

0.7590 

0.6850 1 


o.68soi 

0.685s 

0.6860 

0.6865 

f 


16 


0.7550 

0.7560 

0.7094 : 


0.7094 

0,7099 

0.7104 

0.7109 

V 

9 



0.883s 

0.8850 

0.8028 


0.8028 

0.8033 

0.8038 

0.8043 

f 


14 


1 0.8810 

0.8820 

0.8286 


0.8286 

.8291 

0.8296 

0.8301 

I' 

*8 



1.0095 

I. 0110 

0.91S8 ' 


0.9188 

0.9193 

0.9198 

0.9203 

I' ■' 


14 


1.0060 

1.0070 

1' 

0.9536 


0.9536 

0.9541 

o. 9546 j 

0.9551 


Lead Tolerance 

A maximum lead error o£ ±0.0005 inch, in i inch of thread is permitted. 


Angle Tolerance 

8 to 9 threads per inch = ±25 minutes in half-angle. 
10 to 28 threads per inch = ±30 minutes in half-angle. 

Hajh) Tap Shanks 


Tap 

Diam- 

eter 

Shank 

Diam- 

eter 

Size of 
Square 

Length of 
Square, 
in Inches 

Tap 
Diam- 
■ eter 

Shank 

Diam- 

eter 

Size of 
Square 

Length of 
Square, 
in Inches 






0.542 

0.406 

1 


0.141 

0. 110 



0.590 

0 .442 






1 

0.697 

0.523 

f 

A 

0.160 

0,125 

i 

1 


0.800 

0.600 

if 

f ■'■■■ 

0 192 

0.149 

i 

li 


0.896 

0.672, 

f 

A . J 

0.223 

0.167 

i 

I: 

■ 

1. 021 

0.766 

I 


0.2SS 

0.191 


11 


1 . 108 

0.831 

I* 


0.318 

0 . 238 


■i^ 


1.233 

0.92s 

If 


0.381 

0.286 

I* 

I] 


1.305 

0 979 

If 

it 

0.32s 1 

0.242 




1.430 

1.072 

If 


0.367 

0.275 

,, ^ 

ii 

■ 

I.SI9 

1 . 139 



0.429 1 

0.322 

k 

2 


1,644 

1.233 i 

If 

i : 

0.480 ! 

0.360 

A 
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Table 5.— Machine Screw Taps 
Cut Thread — American National Form 
Thread Limits 


Screw Gage 
Number 

Threads 
per Inch. 

Major Diameter, 
in Inches 

Pitch Diameter, 
in Inches 

NC 

NF 

NS 

Basic 

Min. 

Max. 

Basic 

Min. 

Max. 

0 



80 

0 .0600 

0.0609 

0 ,0624 

0.05x9 

0 .0521 

0.0531 

I 



56 

0.0730 

0.0742 

0.0757 

0 .0614 

0 .0616 

0 .0626 

I 

64 



0.0730 

0.0740 

0 . 07 SS 

0 .0629 

0 .0631 

0.0641 

I 

. . 

72 


0.0730 

0.0740 

0 . 07 SS 

0 .0640 

0 .0642 

0 .0652 

2 

56 



0 .0S60 

0.0872 

0 .0887 

0.0744 

0.0746 

0 .0756 

2 


64 


0.0860 

0,0870 

0.08S5 

0.0759 

0.0761 

0 .0771 

3 

48 



0.0990 

0.1003 

0.10x8 

0 .0855 

0 .0857 

0.0867 

3 


56 


0 . 0990 

0 . 1002 

0.1017 

0 .0874 

0 .08^ 

0 0886 

4 

. . 


32 

0 .1120 

0.1142 

0.1162 

0.0917 

0 .0922 

0.0937 

4 



36 

0 .1120 

0.1137 

0 .IXS 7 

0 . 0940 

0 .0942 

0.0957 

■ ■ 4 

40 



0 .1120 

0.1136 

0,1x56 

0 .0958 

0 .0960 

0.0975 

4 


48 


0 .1120 

0,1133 

0 . 1 X 53 

0 .0985 

0 .0987 

0.1002 

S 

40 



0.1250 

0.1266 

0.1286 

0 .1088 

0 .1090 

O.IIOS 

5 


44 


0.1250 

0.1264 

0.1284 

0 .1102 

0 ,1104 

0.1119 

6 

32 



0.1380 

0 . 1402 

0.1422 

0.1x77 

0 .1182 

0.1197 

6 



36 

0.1380 

0.1397 

0.1417 

0.1200 

0.1202 

O.1217 

6 


40 


0 . 1380 

0 . 1396 

0.1416 

0.12X8 

0 ,1220 

0.1235 

8 

32 



0.1640 

0.1662 

0.1682 

0.1437 

0.1442 

0 . 1457 " 

8 


36 


0.1640 

0.1657 

0.1677 

0 . 1460 

0 .1462 

0 . 1477 

8 

. * ■ 


40 

0 .1640 

0.1656 

0.1676 

0.1478 

0 .1480 

0.1495 

10 

24 



0 . 1900 

0.1928 

0 . 194S 

0.1629 

0.1634 

0.1649 

10 


. . ■ 

30 

0,1900 

0.1923 

0 . 1943 

0.1684 

0 .1689 

0.1704 

10 


32 


0.1900 

0.1922 

0.1942 

0.1697 

0.1762 

O.I 7 lf 

12 

24 



0,2160 

0.2188 

0.2208 

0.1889 

0.1894 

0.1909 

12 


28 


0.2160 

0.2184 

0.2204 

0.1928 

0.1933 

0.1948 

12 

. . 

. . 

32 

0.2160 

0.2182 

0.2202 

0.1957 

0.1962 

0.1977 

14 


. . 

20 

0 .2420 

0 . 2452 

0.2477 

0 . 2095 

0 .2100 

0,2120 

14 


* * 

24 

0.2420 

0 . 2448 

0.2473 

0.2149 

|0 . 2 IS 4 [ 0 . 2 I 74 


Machine Screw Tap Shanks 


Screw Gage 

Shank Diam- 

Square 

Number 

eter 

j ' ■■ Size 

1 Length, in Inches 

3) 





3 

0.141 

0. no 


A 

6) 





8 

0,168 

0.I3I 


1 

■ 4 

10 

0,194 

0.152 


i 

12 

", 0.220' ,, 1 

0.165 


A 

14 

0.247 

0.185 


A 
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Table 6,— ^Machine Screw TapIs 
Commercial Ground Thread— American National Form 
Thread Limits 


Screw Gage 
Number 

Threads 
per Inch 

M a jor Diameter, 
in Inches 

Pitch Diameter, 
in Inches 

NC 

• NF 

NS 

Basic 

Min. 

Max. 

Basic 

Min. 

Max. 

' 3 '■■■ 

48 



0.0990 

O.IOOO 

O.IOIO 

0.0855 

0.0857 

0-0867 

3 


56 


0.0990 

0 . 099 S 

0.1005 

0.0874 

0.0876 

0 .0886 

' 4 ' 



36 

0.1120 

0.1135 

0.1145 

0.0940 

0 . 0942 

0.0952 

4 

40 



0 .1120 

O.II 3 S 

0.114s 

0.0958 

0 . 0960 

0.0970 

■4 ■ 


48 


0.1120 

0.1130 

0.1140 

0.0985 

0.0987 

0.0997 

"S 

40 



0 .1250 

0.1265 

0.1275 

0.1088 

0.1090 

0.1100 

'■S'. ' ■■■ 


44 


0.1250 

0.1260 

0.1270 

0.1102 

0.1104 

0.1114 

6 

32 



0.1380 

0 . 1400 

0.1410 

0.1177 

0.1182 

0.1192 

6 


40 


0.1380 

0.139s 

0 . 140s 

0.1218 

0.1220 

0 . 1230 

■8-. " -' 1 

32 



0.1640 

0.1660 

0.1670 

0 . 1437 

0 . 1442 

0.1452 

' '8 

• • 

36 


0 . 1640 

0.16SS 

0.166s 

0.1460 

0 . 1462 

0.1472 

10 

24 



0.1900 

0 . 1930 

0.1940 

0.1629 

0.1634 

0.1644 

10 


32 


O.IpOOj 

0.1920 

0 . 1930 

0 . 1697 

0,1702 

0.1712 

12 

24 ,! 



0.2160' 

0 . 2 190 

0.2200 

0.1889 

0 . 1894 

0 . 1904 

, 12. 


28 


0.2160 

0.218s 

0.219s 

0.1928 

0 . 1933 

0 . 1943 

14 



20 

0.2420 

0 . 2460 

0 . 2470 

0 . 2095 

0.2100 

0.2110 

14 



24 

0.2420 

0.2450 

0 . 2460 

0.2149 

0,2154 

0.2164 


Lead tolerances are the same as for hand taps. 


Angle Tolerance— Cut Thread , 

20 to 28 _(incl.) threads per inch — ±45 minutes in half-angle «*= ±68 
minutes in full angle. 

30 threads per inch and finer = ± 60 minutes in half-angle =» ±90 minutes 
in full angle. 

Angle Tolerance — Ground Thread 
20 to 56 (incl.) threads per inch = ±30 minutes in half-angle. 

Pulley taps, nut taps, and staybolt taps are made with approxi- 
mately the same tolerances as hand taps. 

The size of a tapped hole, however, is affected by the material, by 
tlfe way the tap is ground, by whether it is dull or sharp, and by the 
lubricant used. A heavy oil will make a tap cut oversize. This is 
sometimes used to compensate for the shrinkage of a tapped hole in 
hardening. Bakelite and other plastic material usuaUy doses in 
after the tap is withdrawn. 


I82 


TAPS AND TAPPING 


Tabix 7. — Dimensions of Pipe Taps 




. Nom- 
inal 
Sizes 
Inches 

Length, Inches 

Diam. of 
Shank 
Inches 

C 

i 

Size of 
Square 
Inches 
D 

Distance 
Small 
End of 
Briggs 
Standard 
Tap 

Projects 

through 

Gage 

Pitch Diam. of 
Straight Pipe Tap, 
Inches 

Thread 

A 

Over- 

all 

B 

Basic 

Mini- 

mum 

Maxi- 

mum 

I 

i 

2| 

i 

’ 0.3125 

0.23^ 

0.312 

0.3748 

0.3733 

0.3763 




1 

,0.437s 

0.328/ 





i 


^ is 

j 

0.4375 

0.328 1 

0.459 

0 . 4899 

0.48S4 

0.4914 




1 

>0.5625 

0.421 j 





I 

1 it 

\ 2ifti 

j 

[ 0.5625 

0.421 \ 

0.454 

0.6270 

0.6253 

0.6288 




1 

[ 0.7000 

0 .S 3 I j 






li 

3 i 

J 

f 0.6875 

0.515 \ 

0.579 

0.7784 

0. 7767 

0 . 7802 




1 

[ 0.8650 

0,640 f 





1 

li 

Zis 

j 

f 0.8125 

0.594 j 








1 

1 0.9270 

0.687 j 





i, ■ 

li 

3 i 


f 0.9063 

0.679 1 

0.56s 

0 . 9889 

0.9869 

0 . 9909 





1 I. 07 S 0 

0.812 j 





1 


3 i 


1.0937 

0.812 





I 

i| 

3 i 


I . 1250 

0.843 

0.678 

I . 2386 

1 . 2366 

I . 2406 

li 


4 


.1.3125 

0.984 

0.686 1 

1.5834 

1.5811 

1.5856 

i| 

if 

4 i 


I . 5000 

1 . 125 

0.699 

1.8223 

1.8201 

1.8246 

i| 

i| 

4 i 


1.6250 

1.218 





2 

i! 

4 i 


1.8750 

1.406 

0.667 

2 . 2963 

2.2938 

2.2988 

2i 


S 


2.0000 

1.500 





2| 

2 

sf 


2.2500 

1.687 

0.92s 

2 . 7622 

2.7594 

2.7649 

si 

2iV 

si 


2.3750 

1.781 





3 

2| 

6 


2.6250 

r . 968 

0.92s 

3.3885 

3.3858 

3.3913 

3 i 

2 i 

6i 


2.7500 

2.062 





3 f 

2H 

6 h 


2.812s 

2.108 

0.938 

3.8888 

3 . 8861 

3.8c^6 

3 l 

2H 

6 | 


2.8750 

2.156 






2f 



3.0000 

2.250 

0.950 

4.3871 

4.3844 

4.3899 


For thread diameters see Gols. A and JS, Table I, p. 96 and p. 150. 


Tolerances 



Length overall, i to f inch inclusive Plus or minus inch 

Length overall, | to 4 inches inclusive. Plus or minus inch 

Length of thread. Plus or minus * inch 

Diameter of shank to i inch inclusive. ....... Size to size minus 0.007 inch 

Diameter of shank over inch. Size to size minus 0.009 inch 

Size of square to i inch inclusive ....... Size to size minus o . 006 inch 

Size of square over i inch. . Size to size minus 0.010 inch 

Distance projecting through gage, J to f inch inclusive Plus or minus inch 
Distance projecting through gage, i to 3 inches inclu- 
sive . . Plus or minus inch 

Distance projecting through gage, 3J inches and oyer Plus or minus J inch 



TAP TOLERANCES 1% 


Table 8.— -Pipe Tap Tolerances— Cut and Grouno Threads 



h 

Gage 

Measure- 

ment* 

Lead Toler- 
ance per 

Angle Tolerance 
in Minutes 

i' 


1 

ft 

'■ % 

\ ^ ' 

Projection 
Tolerance 
Plus or 
Minus 

Inch of 
Thread Plus 
or Minus 

Half Angle 
Plus or 
Minus 

Full 

Angle 

Plus or 
Minus 

CO 

1 

0 

:z; 

ft 

: 1 
a 

Cut 

Thread 

Ground 

Thread 

Cut 

Thread 

Ground 

Thread 

Cut 

Thread 

Ground 

Thread 

Cut 

Thread 

Cut 

Thread 

Ground 

Thread 


27 ■ 

A 

h 

0.003 

o.ooos 

45 

30 j 

68 

h 

h 

i.. 

18 

•h 


0.003 

0.0005 

45 

30 1 

68 


■h 

f 

18 

A 


0.003 

0 . 0005 

45 

30 j 

68 

h 

■h 


14 

•h 

h 

0.003 

0 . 0005 

45 

30 1 

68 

h 


I 

14 


h 

0 .003 

0 .0005 

45 

30 I 

68 

h 

h 

I 

III 

•h 


0.003 

0.0005 

45 

30 ! 

6 ^ 

h 

h 

If 

Ilf 1 

'h 

h 

0.003 

0 . 0005 

45 

30 

6 S\ 

h 

h 

If 

Ilf 1 

■hi 


0.003 

0.0005 

45 

30 

68 

h 

h 

2 

Ilf" 

"h 

h 

0.003 

0 . 0005 

45 

30 

68 


h 

2i 

'/8 ' ’ 

hs 

■A 

0.003 

0.0005 

40 

25 

60 

h 


3 

8 

hi 

h 

0.003 

0.0005 

40 

25 ! 

60 



3 f 

8 

\ 

f 

0.003 

0.0005 

40 

25 

60 


h 

4 

8 

f 

I 

0.003 

0.0005 

40 

1 25 

1 ■ 

60 

rir 

h 


* For basic distance small end of tap should project through American 
Standard ring gage. See table on p. 149. 


Table q.—Pipe Tap Diameter at Gage Point 
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Table xo.— Combined Pipe Tap and Beill, Carbon Steel—Cut 
■ ■ Theead ■ 


These taps are furnished with American Standard form of thread. 
The shanks are the standard drill size taper square shanks. 

Sizes and dimensions not listed are special. 

Left-hand taps are special. 


Dimensions in Inches 


Nominal 


Length 

Over- 

all 


Length 
of Pull 
Thread 




Range^ Nominal 
Size m Inches 


Tolerance 
in Inches 


Direction 


Length overall — ^A. 


I to I incl. Plus or minus 

I and if Plus or minus 

I I and 2 Plus or minus 

i to I inch Plus or minus 
I to 2 incl. Plus or minus 


length of thread — 


* Distance small end of tap projects through American Standard ring gage. 


Size Square 

Drill Diameter 
D 

Small 

End 

Large 

End 

Size 

Deci- 

mal 

' Earn Vi. 
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Table ii.— Mud or Washoitt Taps, Carbon Steel— Cut 
Tjeqiead 



' : i , 


>J 

U- B 


These taps are furnished with National or V form of thread. 

Mud or washout taps are regularly furnished with a taper of inches to 
the foot and are marked to correspond with taper plugs hearing the same 
numbers. 

All taps have internal center in thread end. 

Sizes and dimensions not listed are special. 

Left-hand taps are special. 


Dimensions in Inches 


Tolerances 


Range, Tap 
Number 

Direction 

Tolerance 
in Inches 

Length overall — A 

Length of thread — B 

Length of square — C 

Diameter of shank — D 

Size of square — 'E 

I to 5 inch 

I to s inch 

I to S incl, 

I to 5 inch 

I to 5 inch 

Plus or minus 
Plus or minus 
Pius or minus 
Minus 

Minus 

1 

0.007 

0.008 






and in an 
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Table 12 . — Tapper Tap Shanks 

General Dimensions 


/ICME 

JMPROVEp 

TYPE^ 


NATIONAL 
INTSRCHANGeASLE 
RING LOCK 


Diameter 

Dimensions, in Inches 


in Inches 

CD E I K L M N OP 

Q 

i 

^0,1850.1390.1771^0.1470.1850.1700.134 li 

2i 


f 0,2400.1800.2321*0.1880.2400.2210.165 ^ 

2i 

1 

0.294 0.220 0.286 I* 0.240 0.290 0.271 0.208 If 

2* 

☆ 

f 0.3450.2590.3361*0.2900.3400.3200.240 

2$ 

h 

i 0.4000.3000.3901*0.3200.4000.3740.2861 

3i 

A 

1 0.450 0.337 0.446 I* 0.350 0.450 0.422 0.318 X 

3 i 

•| 

If 0.503 0.377 0.500 I * 0.390 0.500 0.450 0.350 I 

3 i 


I 0.616 0.462 0.610 I* 0.480 0.61S 0.540 0.422 I* 

3 f 


I* 0.727 0.545 0.722 I* 0.540 0.720 0.630 0.500 I* 

,' 3 i 

I ■ 

if 0.8340.6250.82911 0.6500,8250.7300.5741* 

3! 

li 

if 0.9330.7000.92911 0.710 0.930 0.855 0.667 if 

4 i 

li 

I* 1 .058 0.793 1. 053 If 0.780 1 .055 0.975 0,760 if 

4 i 

If 

i| 1.1530.8651.14911 0.8501.1501.0550.82411 

4 i 


1.2780.958 1.269 If 0.950 X. 27 S 1 . 195 0.917 if 

4 i 


Tolerances 


Length of square* 


Size of square. 


Range, 
in Inches 

Direction 

1 to f inch 
1 to If inch 

i to i incl. 
* to I inch 
if to if inch 

Plus or minus 
Plus or minus 

Minus 

Minus ■ 

Minus'' 


Tolerance, 
in Inches 


0.004 0.004 

0.006 0.006 

0.008 0.008 
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Threading speeds depend on many factors. Kind of material, 
depth of hole, cutting rake and relief of tap, chip room in the flutes, 
and the lubricant all play a part. Experiments have shown that the 
speed of taps affects the size of hole as well as the life of the tap. 
In one case, changing the speed and the lubricant made a variation 
of 0,0029 inch on a i“2o tap. 

Material also greatly affects speed and Hfe. In one case a 5-40 
high-speed tap that would run at 75 to 80 surface feet per minute 
in cast iron was reduced to 26 feet in a tough material. This 
increased the life from 30 to 40 times. 

Chamfer on Dies 

AU standard dies are chamfered approximately as shown in the 
following table. 


Table 13.— Approximate Number op Threads Chamber 


Type of Die 

Front Face 

Rear Face 

Spring screw threading. 

2i-3 


Solid square bolt 

2f-3 

l-ii 

Solid square pipe. 


0 

Adjustable round split, straight thread 

2^-3 

i-ii 

Adjustable round split, taper thread.. . 

2^-3 

0 

Gas fixture. 

2^3 

i-ii 

Hexagon rethreading. 

I 

1 

I 


Threads on Studs 

The fitting of the fixed ends of threaded studs has been given 
much attention, especially by builders of automobile engines. 
Studs are usually threaded with the American Standard pitches on 
the end that screws into the cylinder block, or the fixed end, but 
frequently have the finer threads for the nut. With two diameters 
engaged in the work, the stud will usually break before it will puU 
out. ^ In order to ensure that the stud is a tight fit in the hole, so 
that it win not unscrew when removing the nut from the stud, the 
fixed end is frequently made slightly oversize in order to make it a 
force fit. 

Several large users make the fixed end of the stud with thread of 
55 degrees instead of 60, and slightly oversize. The metal in the 
stud flows slightly into the 60-degree angle and makes a very tight 
fit. This practice also permits a greater variation in thread diam- 
eter and at the same time secures a better fit than is usually possible 
where both threads are of the same angle. Although this method 
gives a better fit, the stud can be backed out without tearing the 
metal in the hole. 
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Experiments have also been made with studs cut to a lead that 
was slightly off standard. This also forces the threads to flow in 
the tapped hole. The use of the 5S-degree angle in the thread 
on the stud is much easier to obtain and gives equally good results. 

Stud Pits 

The accompan5dng tables show the accepted allowance in both 
cast iron and aluminum. The tapped-hole pitch diameter in 
columns 4 and 5 are Glass IV fits. 


Table 14. — Stud Fits in Cast Iron 

NATIONAL COARSE THREAD — ^NC 


I 

2 

3 

4 


m 

H 

8 

9 

Size 

and 

Pitch 

Stud 

Tapped Hole 

Drive 

Tap 

Pitch Diameter 

Go 

Gage 

No Go 

1 Gage 

Min. 

Drive 

Max. 

Drive 

Pitch Diameter 

Min. 

Max. 

Mitt. 

Max. 

i-20 

0.2196 

0.2203 

0 . 2 I 7 S 

0.2188 

0 . 0008 

o.ooaSj 

0.2170 

0 .2175 


0.2789 

0 . 2804! 

0.2764 

0.2779 

0.0010 

0 .0040 

0.2759 

0.2764 

I-16 

0.3370 

0.3389 

0.3344 

0.3360 

0.0010 

0.004s 

0.3339 

0.3344 

■ fr-14 

0.3941 

0.3961 

0.3911 

0.3929 

0.0012 

0.0050 

0.3911 

0.3910 

i~I 3 

0.4533 

0 . 4 SS 5 

0 .4500 

0.4519 

0.0014 

0.005s 

0.4500 

0.4505 

^12 

0.S120 

0.SI44 

0.5084 

0.5104 

0.0010 

0.0060 

0.5084 

0.5089 

|-II 

0.5698 

0.5720 

0.5660 

0.5681 

0 .0017 

0.0060 

0.5660 

0.5665 

|“IO 

0.6891 

0.691s 

0 .6850 

0 .'6873 

0.0018 

0 .0065 

0.6850 

0.6855 

1 - 9 

0 .8071 

0.8096 

0.8028 

0.8052 

0.0019 

0.0068 

0.8028 

0,8033 

I'' “8 

0.923s 

0.9260 

0.9188 

0.9215 

0 .0020 

0.0072 

0.9188 

0.9193 

li - 7 

1 ,0372 

1 .0397 

1 .0322 

1 .0352 

0 .0020 

0.0075 

1.0327 

1 .0337 

ji -- 7 

1 . 1624 

I . 1649 

I. 1572 

X .1602 

0.0022 

0.0077 

1. 1577 

1.1587 

If - 6 

1 .3970 

I. 4001 

1. 3917 

1 .3953 

0.0023 

0.0084 

1,3922 

1 .3932 
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Table 1 5 . —Stud Fits in Aluminum 

NATIONAL COARSE THREAD — ^NC 


I 

2 

3 

4 

5 

!■ 6 - 

7 

S 

9 


Stud 

Tapped Hole 

i Drive 

Tap 

Size 

and 

Pitcli 

Pitch Diameter 

Go 

No Go 

1 

Min. 1 

Max. 

Pitch Diameter 


Min. 

Max. 

Gage 

Gage 

Drive 1 

Drive 

Min, 

Max, 

i-20 
^18 1 

I-16 j 

1 

PA 

Uo 

8 

if— 7 

: 

0.2216 

0.2809 

0.3390 

0,3961 

0.4SS3 

O.S140 

0.5718 

0.6911 

0.8091 

0 . 92 SS 

1.0392 

1.1644 

1.3996 

0 .2223 
0.2824 
} 0.3409 

1 0.3981 
! 0.4575 
0,5164 
0.5740 
0.6935 
0.8116 
0.9280 
I .0417 
1.1669 
I .4021 

0.2175 

0.2764 

0.3344 
0.3911 
0.4500 
0.5084 
0.5660 
0.6850 
0.8028 
0.9x88 
I .0322 
1. 1572 

I.3917 

0.2188 

0,2779 

0.3360 

0.3929 

0.4519 

0.5104 
0 .5681 
0.6873 
0.8052 
0,921s 
1 .0352' 
1.1602 
1. 3953 

0.0028 
0.0030 
0.0030 
0.0032 
0.0034 
0.0036 
0.0037 
0.0038 
0.0039 
0.0040 
0 .0040 
0 .0042 
0.0043 

0 .0048 
0 .0060 
0.6065 
0.0070 
0,0075 
0 .0080 
0.0080 
0.0085 
0.0088 
0.0092 

0.669s 

0.0697 

0.0104 

0.21761 

6.2759 

0.3339 
0.3911 
0.4500 
0 . 5084 
0.5660 
0.6850 
0.8028: 
0.9188 
1.0327 
1 .IS 77 
1.3922 

0.2175 

0 . 2764 

0.3344 

0.3916 

0.4505 

0.5089 

6.5665 

0.6855 
0.8033 
0.9193 
1 .6337 
1.1587 
1,3932 


In sizes f to J inch, tapping can usually be done in one pass, 
whereas inch and larger usually require roughing and finishing 
taps. When roughing taps are necessary, these sizes should be as 
follows: 

Amount Roughing Tap 
Should Be Below Basic P.D. 

Size of Taps in Inches Size in Inches 

i to I -^(0.0156) 

I andlarger ^(0.0312) 

Watch Screw Taps 

Table 16 gives all. the standard taps used in connection with the 
screws listed by the Elgin Watch Company. The diameter in 
thousandths of an inch and number of threads per inch are marked 
on the handle of each tap. 


l: 
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Table 16.—ELGIN Watch Scbew Taps 


Diameter o£ Tap 

Threads 
per Inch 

Diameter of Drill 

Inches 

Millimeters 

Inches 

Millimeters 

.0132 

•33 

360 

.0112 

.28 

.0148 

•37 

320 

.0120 

• 30 

.0168 

.42 

260 

.0132 

•33 

.0208 

•52 

220 

.0168 

.42 

.0228 

•57 

260 

.0188 

•47 

.0248 

.62 

220 

.0200 

•50 

.0268 

.67 

180 

.0220 

•55 

.0288 

.72 

220 

.0248 

.62 

.0308 

•77 

180 

.0248 

.62 

.0308 

•77 

220 

.0268 

.67 

.0368 

.92 

140 

.0280 

• 70 

.0368 

.92 

220 

.0268 

.67 

. 0408 

1.02 

I20L 

.0300 

•75 

.0408 

1,02 

200 

.0348 

.87 

.0428 

1.07 

120 

.0328 

.82 

.0448 

1,12 

no 

.0340 

.85 

. 0468 

1. 17 

no 

.0348 

.87 

.0488 

1.22 

140 

.0400 

1. 00 

.0488 

1 .22 

200 

.0436 

1.09 

.0508 

1.27 

noL 

.0388 

•97 

.0548 

1-37 

180 

. 0488 

1.22 

.0608 

1.52 

no 

.0488 

1,22 

.0608 

1.52 

noL 

.0488 

1,22 

.0708 

1-77 

180L 

.0648 

1.62 

.0768 

1.92 

noL 

.0708 

1.77 

.0772 

1.93 

80L 

.0612 

I-S 3 

.0892 

2.23 

B6L 

.0712 

1.78 
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Table 17 gives tbe pitch, the diameter of the thread, and also the 
proper size of the tap drill, for all the screws used in the Waltham 
Watch movements. 


Table 17. — ^Waltham Watch Screw Taps 


No. of 

No. of 

' Diameter of Thread on 
Screws 

Diameter of Drill 

Tap 

to an Inch 

In Inches 

In Milli- 

In Inches 

In MilH- 







■' ' I . 

no 

0.05906 

1.50 

0.05197 

1.32 

3 

no 

0.04724 

1.20 

0.04016 

1.02 

5, 

120 

0.04331 

I.IO 

0.03741 

0.9s 

7 

140 

0.03937 

I.OO 

0.03347 

0.85 

9 

160 

0.03661 

0.93 

0.02796 

0.71 

II 

170 

0.05276 

1-34 

0.04803 

1.22 

13 

180 

0.03937 

1.00 

0.03347 

0.85 

15 

180 

0.03268 

0.83 

0.02796 

0.71 

17 

200 

0.02560 

0.65 

0.02126 

0.54 

19 

2ZO 

0.02166 

o.SS 

0.01772 

0.4 s 

21 

240 

0.01772 

0.45 

0.01339 

0.34 

23 i 

2 S 4 

0.01379 

0-35 

0.01064 

0,27 


Table 18. — PEm>ANT Tabs 



Diameter of Tap 

Threads 

Diameter of Drill 

Siase 



per Inch 









18 

.236 

5-90 

SO 

.211 

5.28 

16 

.200 

5.00 

60 

.180 

4.50 

12-6 

.176 

4.40 

66 

158 

3 -95 

0 

.156 

3.90 

66 

.138 

3 -45 

S/o 

.128 

3.20 

80 

.114 

2.8s 

lo/o 

.103 

2.58 

90 

.086 

2. IS 


Crown Taps 



Diameter of Tap 

Threads 

Diameter of Drill 


1 Inches 

■ Millimeters 

per Inch 

Inches 

Millimeters 

18 

.091 

2.28 

60 

.071 

1 . 78 

16:' 

.077 

1.93 

72 

.063 

i.S8 

12-6-0 

.061 

1-53 

80 

.048 

1,20 

S/o-io/o 

.048 

1.20 

■ " 

no 

.038 

0-95 
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Watchmakers* Measurements 

Showing the comparative values of the standards of measure- 
ments commonly used by watchmakers. 

One douzitoe —0.0074 inch 
One millimeter = 0,03937 inch 
One ligne —0.0888 inch 
One ligne =2.256 millimeters 

The Elgin Watch Company has two gages, one known as the 
‘^upright,” the other as the ‘‘fine.’* 

One degree “upright** gage or 0.002 inch 

One degree “fine” gage == or 0.0004 inch 

Button and Fastener Measurement 

The button and fastener industry also uses the “ligne” as a unit 
of measurement, but their ligne is 0.025 inch. A 20-ligne button is 
J inch in diameter. 

Table iq.— Table of Jewel Setting Diameters 
Showing Their Sizes, in Thousandths of an Inch and Equivalent 
Diameters in Millimeters 

Inches Millimeters Inches Millimeters Inches Millimeters 


Inches Millimeters 

1 8 and 16 Old Style (thick) 0.0168 = o . 4267 
18 and 16 New Style (thin) 0.0148 = 0.3759 
6 Old Style (thick) o . 0146 = o . 3708 
6 New Style (thin )o.oi28 = 0.3251 


Thickness OF Pallet Stones 

Thousandths of an Inch and Equivalent Thickness in Millimeters 


Tapping and Threading Speeds 

In multiple machine tapping the jFox Machine Company recom- 
mends 30 feet cutting speed for cast iron and aluminum and about 
thread is unnecessary and requires more 
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Table 20. — Recommended Face Grinds eor Die Chasers 
The list shows the general ‘^face grinds*’ and cutting lubricants’* 
that to ve been found most satisfactory on the materials listed by 
the Murchey Machine & Tool Co. The different grinds are shown. 
It may be necessary to alter these grinds ’’ slightly to meet definite 
problems. 

D C n D 


Hook 


Round 

Hook 


S+rai^hf Negafive 


Material 


Alummum and alu- 
niintim alloys. 

Brass bar . 

Brass, cast. . , . 

Brass, forging and 
stamping. 

Brass tubing. 

Bronze, cast. ....... 

Bronze rod and tub- 
ing 

Copper — ......... 

Fiber 


Iron, cast... ... . 

Iron, malleable. 


Iron, stainless.. 
Iron, wrought. . 
Monel metal. , . 
Pipe, cast iron. 


Pipe, iron and steel 
(tapered threads). . 

Pipe, iron and steel 
(straight threads). . 

Screw stock-— Besse- 
mer and open 
hearth, ...... 

Steel, carbon. ....... 

Steel, chromium. . . . , 

Steel, chromium 
vanadium. . , ... , . . 

Steel, forgings. ...... 

Steel, nickel, ........ 

Steel, nickel chro- 
, mium 

Steel, stainless.. . . , . . 

Steel, tool. ......... 

Drawn steel tubing. . 

Rubber ......... 


Hobbed Chasers 
. for Die Heads 


Chasers for Taps. 
Straight or Taper 


lo-degree round 
hook 

S-de^ree hook 
Straight 

<)-degree hook 
p-degree hook 
Straight 

p-degree hook 
Round hook 
S-degree nega- 
tive 

Straight 

5-degree hook 

Round hook 
p-degree hook 
p-degree hook 
Straight 


p-degree hook 
9-degree hook 


p-degree hook 
p-degree hook 
p-degree hook 

9-degree hook 
p-degree hook 
p-degree hook 

p-degree hook 
Round hook 
p-degree hook 
p-degree hook 
s-degree hook 


p-degree hook 

p-degree hook 
Straight 

9-degree hook 
Round hook 
S-degree hook 

Round hook 
Round hook 
Straight 

Straight 

p-degree hook 

Round hook 
9-degree hook 
Round hook 
Straight 


Round hook 
Round hook 


Round hook 
Round hook 
Round hook 

Round hook 
Round hook 
Round hook 

Round hook 
Round hook 
9-degree hook 
Round hook 
Straight 


Lubricant 


Kerosene 

Comp, or paraffin 
Dry 

Comp, or paraffin 
Comp, or paraffin 
Dry 

Comp, or paraffin 
Comp, or paraffin 
Dry 

Dry or with com- 


pound 
Dry 


Ty or with com- 
pound 

Sulphur base oils 
Sulphur base oils 
Sulphur base oils 
Dry or with com- 
pound 

Sulphur base oils 
Sulphur base oils 


Sulphur base oils 
Sulphur base oils 
Sulphur base oils 

Sulphur base oils 
Sulphur base oils 
Sulphur base oils 

Sulphur base oils 
Sulphur base oils 
Sulphur base oils 
Sulphur base oils 


Dry 
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Tabi^e 22— Lanbis Theeabing Speeds 
National Fine Threads 



SECTION VI 



FILES AND WORK BENCHES 

FILE CHARA.CTERISTICS 

Files have three distinguishing features: 

Length — measured exclusive of the tang. 

Kind or wame— which has reference to their shape or style; 
namely, flat, mill, half round, etc. 

which has reference to the character and coarseness of the 
teeth; namely, coarse, bastard, second cut, and smooth. 

The is the sharp-pointed end of the file fitted for the handle. 
The heel is the shoulder of the file next to the tang. The point is the 
end of the file opposite the tang. The is that portion of the file 
extending from the point to the heel. The length ol a file is the 
distance between its heel and point. 


Files are made hkmt^ ihoX is, parallel in width and thickness 
from point to heel, or tapered, that is, with the size more or less 
reduced in both width and thickness by a gradually narrowing 
section extending from . one-half to two-thirds the length of the 
file from the point. Comparatively few blunt files are now made. 

As files are tools for abrading or removing material, the arrange- 
ment and the coarseness of the teeth of which their surface is com- 
posed are of vital importance. As a general principle, files used for 
producing a sharp or a cutting edge on the material filed should 
be single cut, that is, having continuous teeth across their surface. 
Such teeth are also required on files used for smooth finishing or 
for use on surfaces that are to be polished. Most other files are 
required to be made double-cut, that is, having two rows of teeth 
which cross each other producing tooth points across the surface 
in place of a continuous file tooth. Double-cut files have the first 
cut, called the “overcut,” usually at an angle, say, of 45 degrees 
with the center line of the file. This is crossed with the upcut, 
at the opposite angle, at an angle of approximately 25 degrees. 
These angles will vary for different classes of files and for different 
uses. There is also what is known as rasp cut which differs from 
ingle-cut and the double-cut in that the teeth are disconnected 
each other, each tooth being made by a single pointed tool 
a “punch.” 

196 , ■ . 




Second Cut 


File makers constantly try to Improve the cutting quality of their 
product. The Disston Company now makes a file with staggered 
teeth and rounded gullets, to produce longer chips and avoid clog- 
ging. The Nicholson Company has also produced new file teem 
for special work. 


Second Cut 


For convenient classification and a better understanding, files 
may be grouped into three general classes: . 

The Saw-File Group 

This group includes mill files; triangular saw files, such as tapers, 
slim tapers, extra-slim tapers, double-extra-slim tapers, double 
enders; crosscut, cantsaw, pitsaw, etc., all usually made single-cut 


Bastard 


Bead Smooth 

Actual Tooth Spacing of Double-Cut Files 


Smooth 


Smooth Smooth 

Actual Tooth Spacing of Single-Cut Files 
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Fies in tMs group are made in various lengths, some extending from 
4 to 16 inches, others from 3 to 12 inches, whereas some lines are 
confined to a very few sizes. Mill files are made in cuts of bastard, 
second-cut, and smooth. Some saw files are now made with teeth 
cut straight across to aid in filing teeth evenly. 


MilJ 


Tciper 


Slim Edra 

Taper Slim 

Taper 


Cross Cut 


Gantsaw 


Pits aw 


The Machinisfs File Group 

This second group includes flat, hand, half-round, round, square, 
warding, knife, etc., usually made double-cut with the exception of 
small rounds and the backs of the finer cuts of half-rounds, which are 
single-cut. Files in this group are made in bastard, second-cut, 
and smooth, and in lengths in some kinds and cuts extending from 
4 to 20 inches, others in a small range of sizes. 


Flat 


Hand 


Half Round' 


Round Square 


Rasps and Miscellaneous Files 

The third group includes flat and half-round wood rasps, cabinet 
rasps, show and horse rasps, cabinet files. These are made usually 
in a range of sizes from 6 to 14 inches, and sometimes 16 and 18 
inches, or in some cases with a smaller variety of sizes. 


Cabinet Rasp 




Shoe Rasp 


Horse Rasp 


In addition to the general classifications of files as indicated 
above, there are certain special shapes, kinds, and cuts of files 
made for certain specific special uses, the type and cut being deter- 
mined by the particular service in which they are employed. These 
include aluminum files for automobile-body builders and workers 
on aluminum, sheet steel, etc.; brass files for use on various com- 
positions of brass, bronze, etc.; testing files for testing the hardness 
of various tools and cutters; and curved-tooth files for use on soft 
materials and, to some extent, on wood and steel. 

While regular files are generally made in a large assortment of 
sizes, files of the even-inch length are more often called for and are 
more largely sold than files of the odd-inch length. 

Bastard-cut files are most commonly used, but second-cut and 
smooth-cut files are frequently required where finer finish to the 
work is needed. 
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There is also another very distinct group comprising so-called 
*^Swiss pattern’* files. This is made in a great variety of shapes and 
cuts and is a distinctive line, as compared with regular files, the 
shapes being made with smaller points and the cuts being numbered 
from lie coarsest, to #6, the finest. In this group there are 
hand, pillar, pillar-narrow, pillar-extra-narrow, three-square, ward- 
ing, knife, half-round, crossing, barrette, round, square, crochet, 
round-straight, slitting, equaling, metal-saw, cant, die-sinker, 
round- and square-handle needle files, and filing-machine files. 
Sizes are usually from 3 to 10 inches, and the cuts most called for are 
foo, o, 2, 4, and 6. Swiss pattern files are largely used for very 
particular work, like toolmaking, diesinking, jewelry work, and 
Other fine work generally. 

A clean file is much more effective than one that has been allowed 
to become filled with dirt or filings, and the use of a file card or 
brush for this service would be found advantageous. The use of 
chalk or oil is sometimes recommended, but the general rule should 
be to keep the file clean. 

The height of the work or position in filing depends largely on 
the work to be filed and the conditions under which the filing must 
be done. For light, fine filing, work should be nearer on the level 
with the workman’s eyes, but for heavy filling, work may better 
be nearer the floor. Generally, however, for filing in a vise, a 
range of from 40 to 44 inches from the floor to the work will be found 
best. For heavy filing, a height should be found that will give a 
position enabling the workman to get the full free swing of his 
arms from the shoulder. 

Files are often worn out more by^ abuse than by use.. They are 
intended to cut when in contact with the work and should be in 
such contact only during the advancing stroke, and pressure 
should be relieved during the back stroke, otherwise the sharp 
tooth points of the file will be damaged. Keep the file pressed 
firmly to the work. Keep it cutting. If not kept cutting with 
every stroke, the file wears out very quickly. The harder the 
material to be filed, the slower the stroke should be. 

Files are also being made with teeth at a much sharper angle for 
some kinds of work. A single-cut file with teeth at 45 degrees, or 
more, is advocated where it is necessary to file lathe work. Irregu- 
larly spaced teeth are made to avoid clogging with soft metals, and 
the curved tooth files, sometimes known as the Vixen,” are widely 
used in some kinds of work. These are made seven and nine teeth 
to the inch. 

In recutting fifies, some advocate the sand blast instead of aimeal- 
ing, grinding off old teeth, and recutting. 

WHEN A FILE CUTS BEST 

Edward G. Herbert, of Manchester, England, who gave the matter 
careful attention and has built file-testing machines, came, to the 
conclusion that a file did not cut best when it is new, but after ithas 
been used for some little time, say 2,500 strokes or the filing away 
of I cubic inch of metal. Another curious feature is that its useful- 
ness seems to come to a sudden instead of algradual end. 
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A bastard file having 25 teeth to the inch, operating on a surface 
I inch square with a pressure of 30 pounds, which is about equal 
to heavy hand filing, gives 25 cutting edges about 1 inch long, 
which likens it somewhat to a broad cutting tool in a planer. 

In cutting a file the metal is forced up in a sort of burr and occa- 
sionaliy the top of the tooth slopes over backwards, which is the 
reason that a file often cuts better after these are broken or worn off. 
Then, too, when a file is new, all the teeth are not of the same 
height, and only a few points cut. As they wear down, more teeth 
come into contact and do more work. 


ROTARY FILES 

Rotary files are made for finishing dies and similar work. They 
are generally driven by a flexible shaft so that they can be moved 
in any direction to get at corners or other parts. They are made in 
a variety of sizes and with teeth of different fineness. The surface 
speeds usually recommended are from 80 feet per minute for use 
on hard or aUoy tool steels to 250 feet for aluminum and similar 
alloys. Safe speeds for rotary files on various materials are given 
in table herewith. Rotary files are made in many shapes to 
suit a wide variety of work. 

Safe Speeds eor High-Speed Steel Rotary Files 
(In Revolutions per Minute) 


File 

Diameter, 
in Indies 


AUoy 

Tool 

Steel 

Carbon 

Tool 

Stee 

Mild 

Steel 

Cast 

Iron 

Brass 

Aliimi- 
. num 

5,000 

6,420 

7,500 

4,800 

12,000 

16,000 

2,500 

3,200 

3,750 

2,400 

6,000 

8,000 

1,670 

2,150 

2,500 

1,600 

i 4,000 

5,400 

1,250 

1,600 

1,875 

1,200 

960 

3,000 

4.000 

1,000 

83s 

1,300 

1,500 

2,400 

3,200 

1,100 

1,250 

800 

2,000 

2,700 

720 

920 

1,075 

690 i 

1,900 

2,300 

625 

800 

1,000 

600 

1,500 

2,000 

500 

650 

750 

480 

1,200 

1,600 

420 

550 

625 

400 

1,000 

1,400 

S66 

475 

550 

350 

950 

1,200 

320 

450 

500 

250 

750 

1,000 


are also made for filing machines. They may have special 
machines of the jigsaw type or holes for fastening to belts 
of the band or continuous type. 


WORKBENCHES 

>n of work benches vary with the kind of 
intended. Chipping and filing require a 
assembling, unless the parts be heavy. The 
verage shop must provide for various uses. Both wooden and 
metal tops are used, depending on both the kind of work and the 
preference of the user. Laminated maple is a favorite for wood, and 
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combinations of wood in front and steel at the back are now com- 
mon. The wo usually about one-half of the total width. The 
laminated maple tops vary from if to 2! inches thick. Solid plank 
tops are also used as shown. The standard height of New Britain 
benches is 32 inches from top to the floor. 

Cast-iron legs are almost obsolete, whether benches are built in 
the shop or are bought complete. Drawers are also of steel and 



Showing a Combination 
Steel and Wood Top 



Three-tray Work- 
stand mth Casters and 
Drawer 



A Combined 
Work Bench and 
a Tool Cabinet; 
Stand Is Raised 
for Moving 



Plank Construc- 
tion 

, # 


back and end plates are common in some shops. Welded steel 
eliminates the annoyance of rivet heads. 

In addition to fixed benches, either against the wall or at right 
angles to the windows, there are now many uses for portable 
benches or stands. Some of these have casters while others have 
truck wheels under one end so as to be easily moved from place to 
place. *. Such stands may be used by repair men, and in some cases 
they are mounted on power-driven trucks to carry them from one 
part of the plant to another. 

•Battleship linoleum is frequently used for bench covering in 
instrument work. Others find ordinary corrugated paper, used 
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witli the corrugations up, advisable for assembling small mecha-< 
nisms. The corrugations prevent small parts from rolling and the 
cover is cheaply and quickly renewed whenever necessary. 

Portable vise stands for blacksmiths and other workers are now 
part of standard shop equipment, while tool stands and work 
stands are to be found in many shops. Some of these benches and 
stands are illustrated herewith. Steel benches are also made with 
tirebrick tops for welding and brazing. 




SECTION VII 


BABBITTING, BRAZING, SOLDERING, 

AND WELDING 

BABBITTING 

Babbitting is the lining of a bearing with a soft metal to provide 
a suitable wearing surface for any rotating or sliding part. ^ As the 
soft metal must be attached to the bearing itself by fusing, the 
operation bears a close relation to soldering. 

Isaac Babbitt may be called the father of soft-metal bearings. 
His original mixture, in 1839, is supposed to have been 88.9 per 
cent of tin, 3.7 per cent of copper, 7.4 per cent of antimony. Many 
variations are now used to meet special requirements, such as 
armature shafts, rock crushers, and mill machinery. Lead, nickel, 
and phosphor bronze are used as alloys, and makers of babbitt 
metals should be consulted as to the best mixtures for special uses. 
The following suggestions are by the More-Jones Metal Company. 

SUGGESTIONS FOR REBABBITTING BEARINGS 

To ensure best results, the babbitt pot should be pyrometer 
controlled. If a pyrometer is not available, pour tin-base babbitt 
metals when, in the molten state, they will quickly ignite a dry 
white pine stick. Lead-base compositions are ready to pour when 
the molten metal browns, but (ioes not ignite, a dry white pine 
stick. 

The More-Jones Metal Company offers the following suggestions: 

1. All old babbitt should be chipped or melted out of the bearing, 
and the inside of the shell scraped well with a wire brush or scraping 
tool. It is essential that the entire metal lining surface be per- 
fectly clean and dry. If possible, boring is desirable. Then apply 
any good commercial soldering flux, and dip, brush, or spray the 
surface to be lined with molten half-and-half solder or pure tin. A 
small film of solder or tin will stick to the fluxed surface. More 
difficulty will be encountered in lining iron shells than those of 
bronze. Usually on large iron or bronze shells, anchor slots are 
employed, sometimes with and sometimes without the bonding 
process. 

2. The bearing and mandrel should be quite warm — about 250°?. 
—but never excessively hot. A very hot mandrel will cause blister- 
ing and airpockets in the lining. The usual procedure is to chalk 
the mandrel or paint it with a mixture of clay and water, graphite, 
or similar refractory mixture, to prevent sticking. However, in 
some instances, better r^ults are obtained by pouring against the 
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bare mandrel. Jig and assembly should be checked for leaks and 
made as tight as possible to prevent the loss, of metal during the 
pouring. 

3. It is advisable to melt the babbitt as close to the place of pour- 
ing as possible. If molten metal is carried any great distance, it 
has a tendency to cool rapidly, and by the time it is poured, it may 
be approaching a sluggish state. Under these circumstances, it is 
advisable to heat the babbitt from 25 to 50 degrees over the figures 
shown in Table i to allow for rapid coohng between pot and job. 
Good tight linings cannot be obtained when the metal is not fluid. 

4. Melting of babbitt should take place slowly. The babbitt 
must be at the proper temperature for pouring. As soon as babbitt 
begins to melt, the surface should be covered with powdered char- 
coal. This will retard formation of oxides and accumulation of 
dross, and act as a protective covering from the air. When bars 
or ingots have been completely melted and the babbitt is in a fluid 
state, stir thoroughly, over and over in the^ -pot— not around and 
around. If possible, the same person or persons should do the 
rebabbitting, for experience leads to the best results. 

5. A ladle or ladles sufficiently large to hold all the metal neces- 
sary to pour entire bearing at one time should be on hand, and more 
babbitt melted than actually required. If another pour has to be 
made, after part of the lining has set, a definite seam is formed. 
This weakens the bond and causes premature loose linings, squash- 
ing, rapid w^ear, and sometimes complete failure. 

6. The metal should be thoroughly skimmed, then ladled out, 
dipping from below the surface, and poured slowly and steadily 
in a thin stream. A thick stream, which quickly fills the lining 
aperture, prevents escape of air, and causes blow-holes or seams. 
The lining will shrink somewhat when poured, so more babbitt 
should be steadily added, during the setting process, until the lining 
is at least flush with the end of the bearing. 

■ NoTE.—Be sure bearing and mandrel are not "wet or damp, for hot 
metal coming into contact with moisture will splash or explode, 
sometimes causing painful and serious burns to the workmen. 

Some experimenting may be necessary to secure the most efficient 
results with your particular bearings and shop facilities. However, 
good babbitts, if properly applied, will ensure long and satisfactory 
bearing life. A little practice-keeping in mind fiae foregoing sug- 
gestions— should give thoroughly satisfactory linings. 

SOLDERING 

A point frequently overlooked in soldering is the importance of 
properly cleaning the surfaces to be joined. This is too often left 
for the flux to correct. Another neglected point is the selection 
of the best flux to be used.. The after effects resulting from 
improper cleaning after soldering are frequently worse than the good 
effect of the soldering. This is particularly noticeable in electrical 
work. 


For strength, fit the parts accurately. The more accurate the 
fitting, the stronger the result- Use a solder with as high a melting 
point as possible. Apply the proper heat. The nearer the tern- 
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perature of work to be joined is brought to the fusing point of the 
solder the better will be the union, since the solder will flow more 
readily. ■ ■ 

Fluxes for Diflerent Metals 

There are on the market a number of fluxes or soldering salts 
that are giving good satisfaction. A form that is noncorrosive 
and very popular with electrical workers is the soldering stick in 
which the ingredients are molded into stick form. 


Table 2. — Materials Used for Typical Soldering Jobs 


Job 

Solder 

Flux 

Neutralizer 

General ^ electrical 
connections in as- 
semblies which 
cannot be washed 

45 % tin— 55 % 
lead 

or 

33 % tin — 67 % 
lead 

Rosin 

None ' 

Running seams on 
sheet metal (other 
than lead and its 
alloys) 

45 % tin— 55 % 
lead 

or 

33 % tin — 67 % 
lead 

Soldering salts 
(Ammonium chlo- 
ride and zinc 
chloride) 
Naphthalene 
Tetrachloride 

Cyanide wash, 
hot- water wipe, 
or alcohol wash 

Copper, brass, phos- 
phor bronze, 
nickel, silver, 
tinned and un- 
tinned sheet 

45 % tin — 55 % 
lead 

or 

33 % tin — 67 % 
lead 

Soldering salts 
(Ammonium chlo- 
ride and zinc 
chloride) 
Naphthalene 
Tetrachloride 

Cyanide wash, 
not-water wipe, 
or alcohol wash 

Galvanized iron 
sheet 

45 % tin — ^55 % 
lead 

or . 

33 % tin — 67 % 1 

lead 

! Soldering salts 
(Ammonium chlo- 
ride and zinc 
chloride) 
Naphthalene 
Tetrachloride 

Cyanide wash, 
hot- water wipe, 
or alcohol wash 

Wiping and solder- 
ing lead joints 

40 % tin — ^60 % 
lead 

Stearic acid 

Burning 

Tinned parts that 
can be washed 
after soldering 

45 % tin — 55 % 
lead 

or 

33 % tin — 67 % 
lead 

Naphthalene 

Tetrachloride 

Alcohol wash 

Splicing copper wire 
where low elec- 
trical resistance 
and high strength 
are essential 

20 % silver— 45 % 
copper — 35 % 
zinc* 

Borax 

None 

Repairing brass 
castings where 
laigh strength is 
essential 

45 % silver— 30 % 
copper — 25 % 
zinc* 

, Borax 

i 

None 


* These are not what are generally termed soft solders, a torch being 
.■required. ' • ■ 
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A flux in soldering removes and prevents the formation of an 
oxide during the operation of soldering, and allows the solder to flow 
readily and to unite more firmly with the surfaces to be joined. 

The suggestions in Table 2 are by A. H. Folk of the Bell Telephone 
Laboratory, 

Cleaning and Holding Work 

For copper work a dilute sulphuric acid is best. Articles of lead 
and zinc can be cleaned with a potash solution, but care must be 
exercised as the alkalies attack these metals. For zinc, a dilute 
solution of sulphuric or muriatic acid will clean the surface. 

For cleaning or removing the oxide or other foreign material, 
. scrapers and files are frequently used. An old file bent at the ends 
and with the corners flaring makes a handy tool. Grind the edge 
sharp, and make as hard as possible. 

To enable difficult points to be “filled,” sometimes a small piece 
of moist clay pressed into shape to form the desired shape can be 
used to advantage as a guide for the soldp. Another use of the 
clay is to embed the parts in, to hold them in position for soldering. 

Plaster of paris is also used for this purpose, but it is sometimes 
difficult to remove, especially in hollow pieces. A dilute solution 
of muriatic acid will help to get this out, however. 

Castings containing aluminum are always harder to solder than 
other alloys. In some instances where the percentage of aluminum 
is high, it is necessary to copperplate the parts to be joined before 
a satisfactory joint can be made. In nearly every instance the work 
can be “stuck” together, but not actually soldered. 

In metal-pattern making too little attention is given to both the 
fitting of the parts and the selection of the solder to joint the work. 
A good grade should always be used, and it must be borne in mind 
that the higher the melting point of the solder the stronger the 
joint. 

A very good job of soldering can be done on work that will permit 
of it by carefully fitting the parts, laying a piece of tin foil, covered 
on both sides with a flux, between the parts to be joined and pressing 
them tightly together. Heat until the foil is melted. This is very 
good in joining broken parts of brass and bronze work. If they 
fit well together, they can frequently be joined in this manner so 
that the joint is very strong and almost imperceptijble. 

Soldering Cast iron 

For cast iron f the flux is usually regarded as a secret. A number 
of methods are in use. One of the oldest and least satisfactory is to 
brush the surfaces thoroughly with a brass scratch brush. Brush 
until the surface is coated with brass, then tin this surface and solder 
as usual. If plating facilities are to be had, copperplate the parts 
and solder together. This method has been used very successfully 
for a number of years. 

A fair substitute for the above is to clean the surfaces thoroughly 
and copperplate them with a solution of sulphate of copper: about 
I ounce sulphate of copper, i pint water, § ounce sulphuric acid. 



2o8 babbitting, BRAnNG, SOLBERING, welding 



there ar 


Bmsli this soktion on or dip into the solution, rinse off and dry it 
well before soldering. 

Another method is to tin the cast iron. To do this, first remove 
all scale until the surface is clean and bright. The easiest way to 
do this is with the emery wheel. Dip in a lye to remove any grease, 
and rinse the lye off; then dip into muriatic acid of the usual 
strength. Then go over the surface with rosin and a half-and- 
half solder. It may be necessary to dip into the acid several times 
to get the piece thoroughly tinned. Rubbing ^the^ surface of the 
iron with a piece of zinc w’^hile the acid is still on it will facilitate the 
tinning. 

Another method of soldering cast iron is to clean the surface as 
in the previous operation, and then brush oyer with chloride of zinc 
solution and sprinkle powdered sal ammoniac on it; then heat until 
the sal ammoniac smokes. Dip into melted tin .and remove the 
surplus; repeat if not thoroughly tinned. Half tin and half lead 
works well as a solder for this.^ ^ i 

Qo'ifitfiutdtOT wiYGS o>7!^ Bl&ctficdl conAtBctiofis should never be sol- 
dered by using an acid solution, owing to the corrosive action after- 
ward. A good flux is an alcoholic solution of rosin. 

Solders and Fusible Alloys 

Solders act under constant stress considerably like plastic or semi- 
fluid material. Their fluidity resembles that of tar or gum, and 
their distortion with time is greater than would be thought. In a 
series of tests, a notable point brought out was the varying degrees 
of strength with age. Tensile strength increases with the per- 
centage of tin present, but when the solder’s age is increased as a 
factor, the product possesses its maximum value at 6o per cent tiiu 
showing thift property as similar to that of the melting point and 

depending upon chemical composition. 

For general work, the solder requiring resistance to stress is 6o 
per cent tin, but for work requiring little mechanical strength, such 
as sealing, a lower per cent of tin may be used. 

Generally speaking, all solders are alloys of lead and nn, ^ ine 
more lead the alloy contains above p per cent, the higlier is its 
melting point; and also the less lead it contains below 40 per cent, 
the lower is its melting point. , ^ ^ ^ 

Nearly all aluminum solders are alloys of tin and aluminuni mat 
contain from 15 to 25 per cent aluminum. A small per cpt of cop- 
per or nickel, never exceeding 2 or 3 por cent, is sometimes used. 
The exact point of separation between a fusible paetal and a non- 
fusible one is very uncertain; thus, several additional alloys are 
given in the table. In filling up imperfections in ornamental 
castings for plugs in electrical wiring, and on boilms in engineenng 
work, fusible alloys are used. Sometimes defects in structural steel 
have been filled in with expanding alloy and then covered with, a 
coat of paint. The United States Government rules call for pure 
Banca tin for boiler plugs, but this is not essential, and any good tin 
will serve the purpose. _ 

Experiments show that any pressure upon the solder at the 

moment of setring dinrinishes the strength of the joint, i nus, in 








Bis- 

muth 


Tin 


Alloy 


Lead 


Melting 

Point 


12.8 

22.2 

42.1 

50.0 

50.0 

so.o 

50.0 

50.0 

50.0 

50.0 

8.3 


Cadmium 
12.5 
10.4 . 
25.0 


I /Steam-boiler plug 48.4 38.8 

2. Steam-boiler plug 44 • 5 3 3 • 3 

3. Steam-boiler plug 42.1 15.8 

4. Steam-boiler plug 10. o 40.0 

Sir Isaac Newton’s 30.0 20.0 
Suitable for casts 31.2518. 75 
Rose’s alloy 28. i 21.9 

D ’ Arcet’s alloy 25.0 25.0 
Wood’s alloy 25.0 12.5 

Lipowitz’s alloy 26.9 12.7 
Expanding alloy 66 . 7 


BRAZING A10> HARD SOLDERING 

The main difference between soldering and brazing is in the kind 
of metal used- in making the joint and in the temperature required 
to melt it. Brazing is done with a torch, in a fire, or by dipping 
the joint to be brazed into the molten metal used for making the 
joint. This is called ^Mip” brazing. 

Hard solders contain more or less copper and are frequently 
referred to as “spelter.” A substantia] solder contains 60 per cent 
copper, 20 per cent tin, and 20 per cent zinc. An easily melted 
yellow, hard solder contains about 45 per cent copper and 55 per 
cent zinc. This solder is really a brass, but at times it is used for 
soldering, binding, and filling purposes. 

Tests made by F. Grotts, chief metallurgist of the Curtis Aero- 
plane & Motor Co., in 1918, gave valuable information on brazing. 
A copper-zinc alloy (4 parts copper to i part zinc) gave a strength 
of 31,200 to 39,800 pounds per square inch. An alloy of 83 per 
cent copper, 17 per cent zinc gave joints somewhat stronger. With 
a flux of boric acid, brazing is easy and satisfactory. _ ^ 

Joints brazed with copper-zinc alloys and boric acid in a gas fire 
nearly all exceeded the maximum strength of the eold-drawn steel 
used in the tests. 


counterbalances the effects of the contraction of the other metals, 
and the total result is the prevention or reduction of shrinkage in 
the mold. The addition of cadmium still further lowers the melting 
point of such alloys as those of bismuth, lead, and tin, which in 
themselves have very low melting points. 

It is recommended that the grade of solder metal be selected 
which contains the least amount of tin required to give suitable 
flowing and adhesive qualities for the work in hand. 


Table 4.^ — Composition and Melting Point oe Fusible Alloys 
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The oxyacetylene torch, however, gave a stronger joint than dip 
brazing or the gas fire, the strength being in the order named. 

Heat-treating by heating to i6oo^F., quenching in oil, and 
reheating to 900 degrees increased the strength of the brazed joint 
an average of 23 per cent. 

Untreated brazed joints were 19.2 per cent stronger than untreated 
welded joints. Treated brazed joints were 55 per cent stronger 
than untreated welded joints. The treated welded joint was 42 per 
cent stronger than the untreated joint. 

Brazing Band Saws 

The use of band saws in cutting out dies and other internal work 
has led to the development of small electric heating devices that are 
attached to the machine. The saw joint is reopened by melting the 
silver solder used in the joint. The end of the saw is threaded 
through a drilled hole and the ends brazed in the small welder. 
After a joint has been brazed 5 or 6 times, it is best to make a new 
joint at a fresh point in the saw. A small grinding fixture is pro- 
vided to grind the lap j oint at the proper angle. Silver solder and flux 
are applied to the joint, and the heat is turned on. The joint is 
stronger than the saw itself. The time for an internal sawing set- 
up is less than 5 minutes. 

Silver Brazing^ 

Silver brazing is often economical because joints require but little 
finishing. It is used in aircraft work for safety of joint. Silver 
solder is made in sheet, strip, wire, or granule form to melt from 
1250 to i6oo°F. The average flow is at slightly over i40o°F. 
Silver solder has 40 to 50 per cent silver and copper and zinc. 
Increasing zinc to equal copper lowers the melting point. 

A silver-copper mixture of 72 per cent silver and 28 per cent 
copper melts at i435°F. Tin lowers the melting point but tends 
toward brittleness. Nickel hardens the solder and raises the flow 
point. Even small quantities of lead and iron cause difl&culties. 

Borax makes a good flux. Commercial borax should be calcined 
(fused) to drive out water. A saturated solution of sodium 
cyanide, or potassium cyanide, with a little borax or boric acid is 
convenient for small work but lacks the fluxing qualities of borax. 

Make a saturated solution of borax by dissolving in hot water, 
and apply hot to get an even coating. Or mix powdered borax with 
^ clean water to a creamy paste, or mix fused borax with alcohol. 

Care must be used in heating to attain and maintain right tem- 
perature. Use a blowpipe for small work. If an oxyacetylene 
i flame is used, it must be kept moving. 

Dipping in cold water after brazing will disintegrate the flux. A 
little sulphuric acid helps to remove the film. 

WELDING 

Oxyacetylene Cutting and Welding 


Cutting and welding metal with oxyacetylene have become com- 
mon practice in both large and small shops. A blowpipe provided 
*A. Byles 
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with the proper tip mixes oxygen and acetylene in the right propor- 
tions to produce a neutral flame, that is, a flame ^th no excess of 
either gas. It is the hottest flame known. Applied to the edges 
of two pieces of metal the concentrated heat melts or fuses the 
metals together. This is called “ autogenous welding. , _ 

One great advantage of this process is that all commercial metals 
can be welded. When the joint is to be made in a metal more than 
A inch thick, the edges should be beveled so that the welding 
dn begin at the bottom and build up. The bevel is usually nbout 
Qo-degrees included angle and is filled graduaUy with metal from 
the sides as well as from the welding rod used. 

The heat generated by the welding naturally causes expansion 
that must be considered and provided for, otherwise the contraction 
due to cooling may cause trouble.^ Castings are frequently pre- 
heated with charcoal, both because it is cheap and because it heats 
slowly. In some cases, such as locomotive frames, gas torches 
are sometimes used for preheating. The effect of the wel^ng flame 
on the work can be varied by moving it to or from the work and also 

playing it around on the metal. , ^ j „ ix. i 

The welding rod used should be carefully selected for the work. 

In welding some metals, the proper rod will supply the alloys burnt 
out by the intense heat of the welding flame. Attention should 
also be paid to securing the proper flux for the metal being welded. 
Generally speaking, there are three kinds of fluxes, for cast iron, 
for aluminum, and for brasses and bronzes.^ The flux is used to 
float the oxides out of the weld. Some welders of aluimnum do 
this with a steel rod flattened at one end to stir or puddle the oxide [ 
and scrape it off the surface of the weld. ^ •a.i. •*. ; 

In some work where extreme heat is not required, either aty or • 
natural gas is used with oxygen, instead of acetylene. This com- ; 
btoation is useful in lead storage battery work, soft soldering, silver 
soldering, and hght brazing. The use of city or natural gas reqmres 

a larger tip than where acetylene is used. ^ ^ 

Welding and cutting can both be done mechanicaUy in machines 
having either hand or automatic feed. In such work a lower pres- 

*^ure is generally used. . * 

Blov/pipe tips should be cleaned with a soft brass or copper wire. 

The^ should be a fire-resisting wall between stored tanks of 

oxygen and oxyacetylene, whether the cylinders be full or empty 
Close valves on all cylinders except when they are in use, even if 

^^If flame lS.(Sfires first shut off the blowpipe oxygen valve, then 

standard practice to use a red hose for acetylene and a 
hose for oxygen. 

Flame Cutting 

Flame or gas cutting is done with what is known as an_ oxygen 
“lance,” wMch can also be used to pierce a piece of consideraWe 
thicknks. After a small spot of metal has been heated red hot by 
a combined flame of oxygen and acetylene, the acetylene is turned 
' X“iSy a jet of oi^ien used. The hot iron and oxygen com- 
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bine to form iron oxide by an extremely rapid rusting process, the 
oxygen jet blowing the rust away as fast as it is formed. According 
to R. F. Helmkamp, of the Air Reduction Sales Company, prac- 
tically all classes of wrought iron, rolled steel, and steel castings may 
be flame cut. Steels under 0.30 per cent carbon can be cut without 
heat-treatment either before or after cutting. Alloy Steels should 
be preheated and annealed after cutting. For piercing the end of a 
heavy connecting rod the forging is preheated to about iooo°F. 

In cutting high-carbon or alloy steels it is customary to leave 
about i inch of metal for finishing as this permits the removal of any 
metal that might have been injured by the intense local heat. Data 
on speed and cost of flame cutting are given in the accompanying 
table. 


Table 5. — -Approximate Guide eor Machine Cutting 


Thickness, in inches. . 
Airco, DB tip, style 


1' 



I 

xi 

2 

3 

4 

s| 

6 

8 

10 

12 

124 

Pressure, in pound per 
square inch: 

0 

I 

i 

I 

2 

2 

3 

4 

5 

5 

6 

6 

7 

7 

8 

Oxygen. 

30 

30 

40 

40 

SO 

so 

SO 

SO 

SO 

SO 

55 

60 

70 

70 

Acetylene 

Speed, in inches per 

3 

3 

3 

3 

3 

3 

3 

4 

4 

s 

5 

6 

6 

6 

minute. 

Consumption, in cubic 
feet per hour: 

20 

19 


IS 

14 

12 

10 

8 

7 

6 

5 

4 


3 

Oxygen ... 

SO 

75 

90 

120 

140 

200 

\255 

335 

385 

460 

49S 

650 

73S 

875 

Acetylene.. 

Approximate width of 
Kerf , in inches . .... 

9 

12 

12 

1 14 

14 

16 


22 

22 

28 

28 

35 

35 

40 

■h 

L_ 




•bV 

1 

1 

M 


* 


is 

is 

i 


Table 6. — Flame Cutting with Airco Machines 


Thick- 
ness of 
Steel, 
in 

Inches 

Cutting Tip 

Gas Pressure, 
Pounds per 
Square Inch 

Flame 

Kerf 

Width, 

in 

Inches 

Cutting Speed 

Size 

Num- 

ber 

Style 

Num- 

ber 

Oxy- 

gen 

Acety- 

lene 

Inches per 
Minute 

Feet per 
Hour 

i 

■ 0 

23 

35 

4i 


22 to 27 

110 to 125 

A 

I 

23 

40 

4, 

fa- 

21 to 28 

los to 130 


1 

23 

55 

4i 

i 

20 to 24 

100 to 120 

.1 

2 

24 

SO 

2 


18 to 22 

90 toiio 

■f. ' 

2 

24 

55 



14 to 18 

70 to 90 

li ■ 

3 

24 

55 

3 


12 to IS 

60 to 75 

. 2 'i 

' ■ 3 ■ .■ 

24 

60 

3f 1 


9. 5 to 12 

47. 5 to 60 

3 

■■■■ ' 4 ■' 

25 

SO 

3i 


8 to 10 

, 40 to so 

4 

4 

-''25 

60 

4, 


6.S to 8.5 

32.sto 42.5 

5 

4 

25 . 

65 

4f 

❖ 

5. 5 to 7 

, 27.Sto 35 

6 

' 5 .. 

25 

65 

4i 

■ is : 

4-5 to S-S 

' 22.5 to 27.5 

1 


Machine cutting table for 3- to 6-incli thickness of good mild steel, clean 
surface, not preheated, Airco D-B Oxygraph, Caiuograph. and Radiagraph. 
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Table 7.— Oxweld Hand Gutiing Blowpepe 



Nozzle, 

Type and Size 

Oxygen 

Pressure, 

in 

Pounds 

per 

Square 

Inch 

Linear 

Cutting 

General Consumption Range 

Thick- 
ness, in 
Inches 

C-2 

C-6 

C-ii 

O-14 

*CW-i 7 

O-24 

e-31 

C-32 

tCW-22 

tCW-23 

Speed 

Range, 

in 

Inches 

per 

Minute 

Oxy- 
gen, in 
Cubic 
Feet 
per 
Hour 

Acety- 
lene, in 
Cubic 
Feet 
per 
Hour 

Oxy- 
gen, in 
Cubic 
Feet 
per 

Minute 

Acety- 
lene, in 
Cubic 
Feet 
per 

Minute 

'is 


No. 

2 

7 to 25 



7.2 to 
8.8 

0.8 to 
0.9 


i 

1 No. 0 

No. 

4 

IS \ 
15 to 23 J 

19.9 to 
29.8 

45 to 
55 

0 . 12 to 
0.15 

i 

[ No. I 

No, 

6 

i 1 

!ii to 17 1 

17.6 to 
25.8 

77 to 
93 

8.7 to 

10.7 

1 . 3 to 
1.6 

0. 15 to 

0 . 18 

t 

1 No. 2 

No. 

6 

25 1 

17 to 24 i 

16. 0 to 
23.7 

95 to 
IIS 

9 . 7 to 

11.9 

1 . 6 to 

1.9 

0.16 to 
0.20 

: i ' 

1 No. 2 

No. 


30 ] 

14. 8 to 

los to 

lO.S to 

1.8 to 

0 . 18 to 


20 to 28 3 

22.2 

125 

12.9 

2. 1 

0.22 

1 

j No. 2 

No. 

6 

35 \ 

24 to 34 j 

13 . 1 to 
19.8 

117 to 
143 

12.0 to 
14.6 

2 . 0 to 

2.4 

0.20 to 
0.24 


1 No. 2 

No. 


40 ) 

II . 8 to 

130 to 

13 . 0 to 

2.2 to 

0. 22 to 

I 

6 

28 to 40 i 

18.0 

160 

16.0 

2.7 

0.27 

■ 2 

I No. 3 

No. 

8 

45 1 

22 to 30 j 

8.6 to 
13.0 

i8s to 
225 

16.2 to 
19.8 

3.1 to 
3.8 

0. 27 to 
0.33 

3 

1 No. 3 

No. 

8 

55 1 

33 to 43 1 

6.6 to 
9-8 

240 to 
290 

18. 5 to 
22.7 

4.0 to 
4.8 

0.31 to 
0.38 

4 

1 No. 3 

No. 

8 

65 1 

42 to 55 3 

5 .2 to 
7.8 

293 to 
357 

21 . 1 to 

25.9 

4.9 to 
6.0 

0.35 to 

0.43 

■ S' 

1 No. 3 

No. 

8 

'75, 1 
53 to 67 ( 

4 . 2 to 

6.4 

347 to 
423 

23 . 9 to 
29.3 

5-8 to 
7-1 

0.40 to 
0.49 

6 

1 No. 4 

No. 

10 

75 \ 

45 to 58 \ 

3.5 to 
5-4 

400 to 
490 

26 . 5 to 

32.3 

6. 7 to 
8.2 

0 . 44 to 
0.54 

8 

! No. 4 

No. ic 

, 95 1 

2 . 6 to 

SOS to 

31.5 to 

8.4 to 

0 . S3 to 

60 to 77 ) 

4.2 

61S 

38.5 

10.3 

0.64 

10 

1 No. 4 

No. 

1 C 

IIS 1 

1.9 to 

• 610 to 

36.9 to 

10.2 to 

0.62 to 

75 to 96 1 

3.2 

750 

45. 1 

12 . 5 

0.75 

12 

1 No. 4 

No. 

12 

140 \ 

' 69 to 86 3 

1.4 to 
2.6 

> 720 to 
880 

42.3 tc 

SI . 7 

) 12.0 tc 
14.7 

• 0. 71 to 
0.86 


These tables are approximate. 

Lowest speeds and highest gas consumption are for inexperienced opera- 
tors, short cuts, dirty or poor metal. Highest speeds and lowest gas con- 
sumption are for thoroughly experienced operators, long cuts, good clean 
metal. . . 

* This cutting attachment is intended for cutting up to 2 in. 

t This cutting attachment will cut up to 8 in. 


Fusion Welding 

This is a term applied to any welding process where metals are 
joined without hammering, as with forge welding. It includes 
both gas and electric welding, with or without the use of filler metal, 
such as arc, resistance, shot, and spot welds with electricity and 
oxyacetylene or other gas welds. In shot welding, current is 
applied intermittently, making spot welds as frequently as desired. 
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Table 8.— OxwELD Hand Welding Blowpipe Chart 



■ 1 


[ Specific Range | 

General Range 

Thick-’ 


Oxy- 

j Consumption 

Consumption ] 

Speed 

ness 


gen 



I 






Pres- 









Size 

of Tip j 

sure 

Range, 

in 

Oxygen, 

in 

Acetylene, 

in 


Oxy- 
gen, in 
' Cubic 

Acety- 
lene, in 

Linear 


[ 



Cubic 

Feet 




Pounds, 

Cubic Feet 

Cubic Feet 

Feet 

Feet 

per 

Hour 

tn 

rS 

o 


per 

Square 

per Hour 

per Hour 

per 

Hour 

per 

Hour 

s 

M 

O 


Inch 







28 

j 

■ No. I 

9 

1 . 5 

X .4 V 

i.o to 

0 . 93 to 

30 to 


ii 

■ No. I 

16 to 24 

1 . 8 to 2 . 2 

1.7 to 2.0 j 

2.0 

1.87 

40 


25 

No. 2 

16 to 24 

3. 1 to 4-0 

2. 9 to 3.7 

2.S to 

2 . 34 to 

27 to 




[ No. 2 
! No. 2 




4.5 

4.20 

36 


22 

( 

10 

16 to 24 

4-5 

3. 1 to 4.0 

4.2 

2. 9 to 3 . 7 

► 

3-5 to 

3.3 to 

25 to 



1 

! No. 3 

16 to 24 

4.0 to S. 2 

3.7 to 4.9 

► 

5 - 5 

S • 

32 


i6 

I 

1 No. 3 
No. 3 

10 

16 to 24 

6.6 

4.0 to 5.2 

6.2 j 

3 . 7 to 4.9 

) 

S . 0 to 
8.S 

4.7 to 

19 to 



< 

! No. 4 

16 to 24 

S.Sto 7.3 

S. 4 t 66.8 

1 

7.9 

29 



i 

r No. 4 

II 

8.7 

8.3 1 

1 





13 

J 

* No. 4 

16 to 24 

S.Sto 7.3 

5.4to6.8 ‘ 

1 

7.0 to 

6.S to 

16 to 

TS 

i 

1 No. s 

16 to 24 

9. 2 to II. 7 

8.6 to 10.9 j 

f 

II.O 

10. 0 

23 ‘ 



1 

L No. 6 

10 to 12 

II.O to I 2 .S| 

10.3 to II. 7J 

1 






1 

[ No.S 

12 

10.8 

10.2 ] 

1 




1 

II 


No. 5 
No. 6 

16 to 24 
16 to 24 

9.2 to II . 7 
ii.S to 14.2 

8.6 to 10.9 

10.7 to 13.3 

f 

9.0 to 

8.4 to 

12 to 


1 

) No. 7 

16 to 24 

13.7 to 17.0 

r2.8to 15-9 

i 


13. 1 




1 

[ No. 6 

10 to 12 

II.O to 12 . 5 

io. 3 to II. 7] 

1 






j 

( No. 6 

14 

15.0 

14.2 ■] 





A 


J 

1 No. 6 

16 to 24 

ii.Sto 14.2 

10.7 to 13.3 ' 

1 

13.0 to 

12. 1 to 

7 to 

XT 

"1 

1 

1 No. 7 

16 to 24 

13.7 to 17.0 

I2.8t0 is.9j 

f 

18.0 j 

16.8 

I2| 



I 

L No. 7 

±3 to IS 

16.0 to 17. S 

15.0 to 16. 3J 

I 




i 


( 

[ No. 7 
No. 7 

16 

13 to IS 

19.2 

16.0 to 17. S 

18.3, 1 

15.0 to 16.3 

1 

17.S to 

16.3 to 

5 to 



( 

! No.S 

13 to IS 

21.0 to 22. s 

i9.6to 21.0! 

\ 

25.0 

23.4 

9 

1 


( 

1 

[ No.S 
No. 9 
! No. 9 

19 

20 

14 to 16 

2 S .0 

30 . s 

3 i.Sto 34. 0 : 

23.8 j 

29.0 

29. 4 to 31.8' 

1 

1 

25.0 to 
34.0 

23 . 4 to 
31.8 

3 to 

6 



j 

1 No. 10 

21 

36.0 

34.3' 1 

i 

36 . 0 to 

33 . 6 to 

2^ to 



1 

[ No. 10 

16 to 18 

41. s to 44. ol 

38.8 to 41.0 1 

\ 

46.0 

43.0 

41 

I 


\ 

i No. 1 1 
No. 10 

23 

16 to 18 

44-0 

41.5 to 44.0 

41.8 j 

38.8 to 41 .0 

1 

43 . 0 to 
S 6.0 

40 , 0 to 

S2 .0 

2 to 


1 

‘ No. II 

17 to 19 

SO.S to S 3 .S 

47 . 2 to so . 0 

► 

3 

a 



1 *No. 12 

25 

52.8 

50.4 1 

1 

S 3 . 0 to 

49 . 5 to 

i§ to 

1 


1 

' No. 12 

19 to 21 

65.0 to 69.0 

60.7 to 64. S' 

\ 

67.0 i 

62.5 

2^ 



j 

!,*No. is 

30 

69.7 

66.3 1 


74.0 to 

69. 0 to 

1 to 

I, 

• • 

1 

; No. 13 

27 to 29 

80. S to 84.5 

7 S .0 to 79.0 ' 

f 

95.0 

88.0 

2 

Heat- 

i 

i No. 20 

35 

lOS.o 

100 




in] 


1 

L No. 30 

45 , 

158. 0 

ISO 






No. looi 

SO to 60 

los j 

100 




2 


No. I2sl 

SO to 60 


125 




3 


No. isoi 

SO to 60 

iss ! 

ISO 




Heat- 

1 

1 , No. 175 

SS to 6s 

184 

I 7 S 




ing ' ',1 

J 

[ No. 250 

60 to 70 

264 

250 


■ ■ 1 



The general range represents approximately the lowest and highest 
speeds and gas consumption for each thickness of metal, regardless of the 
size and type of tip used. Best results are based on long welds by experi- 
enced operators, and the lowest on short welds by inexperienced operators. 

The specific range represents approximately the maximum and minirnum 
capacity of various welding tips that can be used to weld a particular thick- 
ness of metal. 

The consumption of these tips is slightly below the “general range.” 
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FLUXES FOR OXYACETYLENE WELDING AND BRAZING 


General Flux Characteristics 


Phase.— Best applied to welding rod as a paste (suspension of 
powdered salts in water or alcohol). Sometimes applied as a dry 
powder or injected as a vapor into the welding atmosphere. _ _ 
Melting Point. — Below temperature where an appreciable 

amount of oxide forms on base metal. 

Film.— Uniform, quiescent, transparent. ' , . . . 

Density. — ^Light and easily floated; no tendency to be trapped in 

^ VisSTsi^' at Welding Temperatures.— Should be, sufficient to 
keep the weld metal covered and protected from gas absorption and 
oxidation, but not so viscous as to prevent ready fusion of the weld- 

inff rod and weld metal. , ‘j 

Oxide Solvent— Should readily dissolve base metal oxides as 
well as weld metal oxides and keep contact surfaces clean at 
welding temperatures. (Base metal should almost always be 

'^'®Weld App^anM.— M the above characteristics should combine 
to permit the rapid deposition of a weld free from^oxides, flux inclu- 
sions, or gas pockets with smooth, clean surfaces free from overlaps 
or pits. 


Specific Flux Characteristics 


Aluminum Rod 

Type A. — An aluminum welding flux composed generally of alkali 
hali^s; characterized chiefly by the speed with 
in sheet metal may be made with smooth fusion at the root of the 
weld and without pitting or discoloration on the sunace. 

Type B. — A modified aluminum welding flux witK additioiis of 
higher melting point constituents like borates and other chemicals 
to°provide greater slagging action as well as aditional viscosity, 
resistance to oxidation, and protection while makmg repairs m cast 
aluminuin parts by puddle welding. 


Bronze Rod 


Tyne C.— An “oxidizing” flux ordinarily made with a bone acid 
bas^ It should form a thin but strong oxide film on the surface of 
the molten copper alloy, thereby preventing gas absorption and 
excessive oxidation. Recommended for clean or cleaned iron and 

^^^i^elo^-Where oxidized, rusty, or dirty surfaces, are to^^be 
ioin^, an “oxide solvent” flux ordinanly made with a borax base 




Table 9— Oxyacetylene Welding Procedures 


WELDING PRACTICE 
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and having a high solvent action for metallic oxides is recommended. 
It should keep both the base metal and the molten puddle clean and 
bright. 

Note: This flux will not give as good weld metal characteristics 
as the Type C flux applied to clean surfaces. 

Type E. — A “highly oxidizing” brazing flux designed specifically 
for removing carbon or graphite from the surfaces of cast iron. 
Usually contains an oxidizing component such as manganese 
dioxide. 

Note: This flux often used with the Type C flux to provide the 
proper tinning action. 

Cast Iron Rod 

Type E, — Ordinarily made with a borax base and containing 
alkali salts to aid in fluxing the slag that forms on cast iron. Should 
permit ready fusion of the welding rod and base metal without 
leaving gas pockets or inclusions. 

Stainless Steel Rod 

Type G. — A stainless steel welding flux designed to permit com- 
plete fusion at the root of a weld without burning. The best test 
for a flux of this type is to coat the root of a butt joint with the paste 
and then observe the penetration at the root after making the weld. 

Silver Brazing Alloy 

Type H. — A silver “soldering” flux made from an alkali bifluoride 
and borax or boric acid; gives the best results on both nonferrous 
and ferrous alloys, including stainless. 

Cutting with the Arc 

Cutting metals with the electric arc is merely applying heat 
of the arc along the desired line. Cuts with an arc are not so 
smooth as with the gas torch, but the arc is cheaper and is not 
restricted to ordinary ferrous metals. Direct current with a car- 
bon electrode negative is usual, but alternating current can be used. 
C. H. Jennings, research engineer of Westinghouse^, gives the follow- 
ing tables: 

Table io. — Current Values ror Various Sizes or Graphite 
Electrodes 

Electrode Diameter, Current Values, 

IN Inches in Amperes 

I up to 200 

I 200 to 400 

I 300 to 600 

I 400 to 700 

I 600 to 800 

I 700 to 1060 

I ,; 800 ' to' 1200" ' 
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Table ii.— Approximate Speed op Cutting Steel and Cast-Iron 
Plates 


Thickness of Material, 
in Inches 

I 

Current, in Amperes 

Cutting Speed, in 
Inches per Minute 

i 

400 

IS 

f 

400 

12 

i 

400 

10 

A 

8 

400 

1 ■ 7 


400 

1 4 

I 

600 

3-2 

i 4 

600 

2.4 

2 

, 600 

1.8 

3 

600 

I . I 

4 

600 

0.7 

6 

800 

0.4 

8 

800 

0.3 

10 

800 

0.2 

12 

800 

0.15 


Table 12. — Approximate Cutting Speeds oe Cast Iron and 
Steel Plates with Coated Electrodes 


Plate Thickness, 
in Inches 

Cutting Speeds, in Inches per Minute 

^-Electrode 

1 

^-Electrode 

i-Electrode 

i 

12.0 

i 

! is-o 

21 .0 

i 

7.0 

i 9-0 

II .0 

. I 

4.25 

i 5 ‘S 

6.7 

I ! 

2.5 

3-7 

4.6 

1 

1.6 

2.4 

3.2 

li, 1 

1 .0 

1.7 

2.3 

■ ^ li ' 1 

0.6 

1-3 

1.8 

2 

0.4 

I.O 

1.4 


Coated electrodes, thougli more expensive, have certain advantages. 


Electric Welding^ 

Electric welding may be subdivided into three kinds: (i) resist- 
ance welding, (2) atomic hydrogen welding, and (3) arc welding. 

Resistance welding is a heat and squeeze process. The parts to 
be welded are raised to the temperature of fusion by the passage 
of a heavy electrical current through the junction. When the 
■welding heat has been reached, pressure is applied mechanically to 

*■ Data, Courtesy Lincoln Electric Company, Cleveland, Ohio. 
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bring about tbe union. The field of resistance welding is in turn 
broken down into several processes, the most important of which 
are spot welding, butt welding, flash welding, and seam welding. 

The spot weld is made by overlapping the parts and gripping the 
overlapped sections between two electrode points through which the 
current is passed and pressure applied to make the weld in a single 
spot. The butt weld places the parts to be welded end to end to be 
heated electrically and squeezed together. The flash weld is an 
adaptation of the butt weld- The seam weld is similar to the spot 
weld except that a circular rolling electrode is used to produce the 
eflect of a continuous seam. 

In the atomic hydrogen welding process, an alternating-current 
arc is maintained between two tungsten electrodes, and, at the same 
time, a stream of hydrogen gas is passed through the arc and around 
the electrodes. The heat of the arc breaks up the molecules of 
hydrogen into atoms which recombine outside of the arc to form 
molecular hydrogen. The very intense heat given off by the atomic 
hydrogen as it reverts to the molecular form is used to fuse the 
metals to be welded. The tungsten electrodes do not enter into 
the weld; they are used only as a means for establishing and main- 
taining the arc. They are, however, slowly evaporated by the 
intense heat. 

The metal or work being welded does not, as in the metallic arc 
process of welding, form a part of the electric circuit. Therefore, 
it does not need to be grounded. The actual manipulation of the 
electrode holder is similar to the manipulation of the gas torch used 
in oxyacetylene welding. The flame is played over the edges to be 
joined, causing them to fuse together. On thick stock, a filler 
rod may be fused into the weld. 

In arc welding, the pieces of metal to be welded are brought to the 
proper welding temperature at point of contact by the heat liberated 
at the arc terminals and in the arc stream so that the metals are 
completely fused into each other, forming a single solid homogeneous 
mass, after it solidifies. 

An electric arc is nothing more than a sustained spark between 
two terminals or electrodes. In arc welding, the arc is formed 
between the work to be welded and an- electrode held in a suitable 
holder. The instant the arc is formed, the temperatures of the 
work at point of welding and the welding electrode jump from 
normal to the vicinity of 6soo°F. 

This tremendous heat is concentrated at the point of welding 
and the end of the electrode. It melts a small pool of metal in the 
work and heats the end of the electrode. Additional metal required 
is obtained from the electrode, in the case of a metallic electrode, or 
by a filler rod which is fed into the arc, melted and deposited. 
Filler rod may- be used with either metallic or carbon electrode. 

Metallic Arc Welding. — ^In the metallic arc process, the arc occurs 
between the work to be welded and a metallic wire. Under the 
intense heat developed by the arc, a small part of the work to be 
welded is brought to the melting point almost instantaneously. 
The other end of the arc, the tip of the metallic wire, is likewise 
melted, and tiny globules of molten metal form. Those globules are 






PROPERTIES OF WELDS 


219 


then forced across the arc and deposited in the molten seat waiting 
for it in the work. The globules are actually forced across the arc 
and not dropped as gravity does nothing more than assist this 
deposition of metal when the work is flat. 

It is this fact which permits the use of metallic arc welding in 
overhead welding. 

Carbon Arc Welding. — -In carbon arc welding, the arc is formed 
between the work and a carbon rod held in the electrode holder. 
The heat of the arc melts a small pool in the surface of the work to be 
welded. This pool is kept molten by playing the arc across it, and 
extra metal to form the weld is added by a jQller rod. Carbon arc 
welding is a puddling process and is not applicable to vertical or 
overhead welding. Its greatest application is in automatic welding 
or in specialized applications. 

The carbon arc may also be used as an economical cutting tool 
in many cases, particularly where it is desired to dismantle an 
assembly or to cut risers or where a very smooth cut is unnecessary. 

The Shielded Arc.— Molten steel has an affinity for oxygen and 
nitrogen. Exposed to air, molten steel enters into chemical com- 
bination with oxygen and nitrogen to form oxides and nitrides. 
These impurities tend to weaken and embrittle the steel as well as 
lessen its resistance to corrosion. 

In the ordinary arc, molten globules, which pass from electrode 
to work, are exposed to ambient atmosphere which contains oxygen 
and nitrogen. Molten base metal is also exposed to these elements. 
They combine with the molten metal forming oxides and nitrides. 
If the metal, during fusion, is completely protected from contact 
with ambient atmosphere, injurious chemical combination cannot 
take place. Tliis can be achieved by completely shielding the arc. 

An arc may be shielded by completely enveloping it with an 
inert gas, which will not enter into chemical combination with 
molten metal and at the same time will prevent contact with the 
atmospheric oxygen and nitrogen. Welds made with completely 
shielded arc are largely free of oxides and nitrides and are, therefore, 
composed of metal having superior physical characteristics to that 
deposited by an ordinay arc. For example, welds made with a 
shielded arc have a tensile strength of 60,000 to 75,000 pounds per 
square inch which is 20 to 50 per cent higher than that possessed 
by welds deposited by an ordinary arc. Ductility of welds made 
with a shielded arc averages 100 to 200 per cent greater. Resist- 
ance to corrosion of shielded arc welds is greater than that of welds 
made with an unshielded arc. 

Physical Properties of Welds 

Physical properties, such as tensile strength, ductility, density, 
resistance to fatigue, and resistance to impact for weld metals and 
also for mild rolled steel are given in Table 13. 

In manual welding, a shielded arc is obtained through the use of 
specific types of electrodes that are heavily coated. The heavy 
coating is of such composition that in the heat of the arc it gives off 
large quantities of a gas that envelops and completely shields the 
arc from the ambient atmosphere. 
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Table 13. — Properties oe Weld Metals and Mild Rolled 

Steel 


Material 

Tensile 
Strength, 
in Pounds 
per 

Square 

Inch 

Ductility, 
Per Cent 
Elonga- 
tion in 

2 Inches 

Density, 
in Grams 
per Cubic 
Centi- 
meter 

Fatigue 
Resist- 
ance, in 
Pounds 
per 

Square 

Inch 

Impact 
Resist- 
ance, in 
Foot- 
Pounds 

Weld metal made 
w i t h b a r e 0 r 
washed electrodes. 

40,000 to 

55,000 ! 

5 to 10 

7-5 to 7.7 

12,000 to 
15,000 

8 to IS 
(Izod) 

Weld metal made 

65,000 to 

20 to 30 

7 , 84 to 

28,000 to 

SO to 80 

with shielded arc. ' 

75.000 

7.86 

32,000 

(Izod) 

Mild rolled steel. . . . 

55,000 to 
65,000 

20 to 30 

7.86 

28,000 

40 to 80 
(Izod) 


* Maximum stress in outside fibers, lo million reversals without failure. 
Rotating beam test. 


The action of the arc on the coating of the electrode results in a 
slag formation which floats on top of the molten weld metal and 
protects it from the ambient atmosphere while cooling. After the 
weld metal is sufficiently cooled, the slag^ may be easily removed. 

In automatic welding, a completely shielded arc can be obtained 
in the carbon arc process by the introduction of a specially prepared 
substance into the arc flame at the point of fusion. The combustion 
of tMs substance in tide arc provides an inert gas which completely 
encloses and shields the arc from the ambient atmosphere. Another 
form of shield is obtained by automatic deposition of powder on the 
joint ahead of the arc. The arc penetrates through the powder to 
weld the joint. In addition to the inert gas formed, a slag is 
produced which floats on top of the molten metal and protects it 
from the atmosphere while cooling. 

General Suggestions Regarding Arc Welding 

Preparation of the Work. — The work to be welded should be 
clean, preferably free from corrosion, oil, water, and other foreign 
matter. To facilitate welding, the work should be placed, where 
possible, in such a position that flat welds can be made. The 
next best position is that requiring vertical or overhead welds. 
Work in a position requiring horizontal welds is least preferable 
because welds in this location require more time and care in their 
making; but the physical qualities of such welds are equal to those 
made in other positions. 

Length of Arc.-— Arc length is the distance between the end of the 
electrode and the surface upon which the molten globules are 
deposited. The correct length of the arc will vary, depending upon 
the size and type of electrodes used, the material to be welded and 
amount of welcfing heat, and other regulating factors involved in the 
welding process employed. The ordinary or unshielded arc should 
be short for best results. An important reason for this is that the 
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globules of molten electrode metal in process of deposition may have 
the smallest possible opportunity for contact with the ambient 
atmosphere and will absorb from it a minimum of oxygen and 
nitrogen. These instructions do not apply when welding with 
a shielded arc. It has been found that the correct length of the 
shielded arc is longer. The heavy coating of the electrodes employed 
witJi the shielded arc is not consumed so rapidly as the electrode 
metal melts. The resultant projection of coating focuses a con- 
centrated arc stream, although the actual length of the arc is longer. 

Skip Weldiug.—Skip welding is a very effective way to prevent 
distortion and reduce locked-up stresses. This method consists 
in keeping the expanding zones sufficiently narrow and sufficiently 
^ close to the contracting zones so that they tend to stress-relieve or 
neutralize each other. This can be accomplished by making a short 
weld, then skipping some distance ahead, making another similar 
short weld, etc., and then returning to the first weld and making 
another weld adjacent to it. Sufficient time should elapse between 
making adjacent welds so that the first weld is sufficiently cool and 
is in contraction. 

Step-Back Method of W elding.—The step-back method of weld- 
ing is a method of distribution of welds and procedure of making 
welds to help prevent the accumulation of stresses and distortion. 
This method consists not only of breaking up the welds in short 
sections but is dependent also upon welding in the proper direction. 
The welds may be made in sequence or may be broken up. 

Polarity of Welding Current. — The polarity of the welding cur- 
rent is sometimes spoken of as ^‘straight” or ‘‘ reverse.” In 
“straight” polarity, the electrode is negative, and the work positive; 
in '^reversed” polarity, the electrode is positive, and the work 
negative. Electrode negative is used in welding with bare or 
lightly coated electrodes, because with such electrodes somewhat 
more heat is generated on the positive side of the circuit. However, 
the adffition of a coating to the electrode forms gases in the arc 
and the presence of these gases may alter the heat conditions so that 
the opposite is true; namely, the greater heat is produced on the 
negative side. 

Both polarities are frequently used. The polarity to use with a 
particular electrode is established by the electrode designer. When 
doubt exists as to the correct polarity to use, the burn-off rate of the 
electrode will serve as a good guide. Each polarity is used to burn 
off 6 or 8 inches of electrode. The polarity that results in the longer 
bum-off time is generally the one that produces greater heat in the 
plate or joint. This is desirable in some cases, but in others it is 
desirable to use the polarity that produces less heat in the plate. 

Steels of Good Weldability. — ^The importance of using" steel of 
good welding quality increases in proportion to the amount of base 
metal entering into the weld. 

General-purpose steel, the analysis of which immediately follows, 
is the best for arc welding at high speeds and should be used in all 
cases where physical requirements permit. In cases where the steel 
will be required to withstand considerable drawing or forming or to 
have special finish or special physical properties, some modifications 
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of these specifications may be necessary, and the steel manufacturer 
should be consulted. 


Table 14. — ^Analysis oe Geneeal-Buepose Steel 


Material Added 

Per Cent Recommended 

. Per Cent Limits 

Carbon. 

0.17 

0. 15 to 0. 25 

Manganese 

0.4s 

0.3s to 0,60 

Silicon 

0.05 

0 . 07 maximum 

Sulphur 

low 

o .os maximum 

Phosphorus. ....... 

low 

0.04s maximum 

Aluminum. . . ..... . 

Not over 2 ounces per ton added to 
steel unless it has been semikilled 
with silicon,^ in which case the 
aluminum addition should be as 
low as practical. For this classifi- 
cation steel can be considered semi- 
Mlled with silicon if the silicon 
content is between 0.04 and 0.07 
per cent. 



* If silicon is added prior to the alumintim addition in the proper ratio, the 
nonmetallic inclusions coming out of the steel during welding will have 
sufficiently low melting point to be self-fluxing and will not form slag pockets 
along the edge of the welds. The addition of aluminum or of vanadium 
seems to have a beneficial effect in reducing the tendency toward porosity 
of welds in silicon-killed steels. 

Types of Joints for Arc Welding 

Butt Joints 

1. Plain Butt Joint. — ^Largely used on plates up to | inch thick with metal 
electrode and f inch with carbon electrode, although generally used below 
this. Inexpensive as to preparation of joint. Suitable for all usual load 
conditions if full penetration is secured. 

2 . Singie-V Butt Joint.— Used largely for |-inch plate or thicker. Scarfing 
and machining cost more than (1), and more electrode used than in (i). 
Used generally on plates thicker than in (i). Meets all general or usual load 
conditions, 

3. Double-V Butt Joint.— The cost of machining is greater, but less weld 
metal is used than in (2). Cost of machining and welding should be balanced 
against each other. Used largely for | inch and heavier, and for all usual 
loads. (Note that joint is welded from both sides.) 

4. Single-XT Butt Joint. — Generally used on plates heavier than pre- 
ceding, that is, ^ inch, | inch, and over. Costs more to machine than single 
V, but requires less electrode. Is welded from one side, except a single 
head, which is put in last on opposite side. Meets all usual load conditions. 
Usually used for best quality work. 

5. Double-tr Butt Joint. — Used where welds can be made from both sides, 
that is, in plate sizes usually heavier than in (4) and where the saving in 
electrode used justifies the greater machining cost as compared to double V. 
Used in all types of loads. 

6. Plain Fillet-Welded Tee Joint.— May be used for all ordinary plate 
sizes. No machining of plates. Most satisfactory when welds are in 
longitudinaT shear. For welds heavily loaded transversely by fatigue or 
severe impact, use with caution. 

7 . Single -V Tee Joint. — ^^This is better than (6). For work welded from 
one side. Generally used on i^-inch plates or lighter. Costs more for joint 
preparation but uses less electro de than (6 ) . For more severe load conditions 
as outlined in (6). 

8. Double-V Tee Joint. — Used for heavy plates. Welded from both 
sides. Uses less electrode than (6). May be used for severe longitudinal 
or transverse loads of all kinds. 


i 
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9. Single-II Tee Joint.— For usual size plates, generally i inch and heavier. 
Welded from one side only. Advisable to put in a final finish bead on side 
away from the XJ. Machining costs more, but takes less electrode than 
single V. For same load conditions as given under single V (7). 

10. D 0 u b 1 e - U Tee Joint. — For 


plates generally i| inch and heavier 
which can be welded from both sides. 
More expensive preparation, but uses 
less electrode than (8), For all load 
conditions, even very severe. 

Corner Joints 

11. Flush Corner Joint. — Generally 
used for 12 gape and lighter. May 
be used for heavier plates with caution. 
Not for very severe loads on heavier 
plate. 

12. Half -Open Corner Joint. — Gen- 
erally used for 1 2 gage or heavier, where 
welded from one side only.^ ] ‘ Shoulder- 
ing” effect reduces probability of burn- 
ing-through and makes for easy 
welding. May be used for ordinary 
loads, but with caution for fatigue or 
impact loads. 

13. Full-Open Corner Joint. — Used 
for all plate thickness when welds can 
be made from both sides. May be 
used under severe load conditions, for 
maximum strength. 

Lap Joints 

14. Single-Bead Lap Joint. — May 
be used for all sizes of plates where 
joints are not subject to excessive 
fatigue or high impact loads. 

15. Double - Bead Lap Joint.— 
Better than (14). May be used for 
load conditions,^ more severe than 
single-bead lap joint. Beads should be 
full size, and joints may be loaded 
much more severely than (14). The 
butt joints (i) to (si.are the best joints 
for very severe service, but, of course, 
are more expensive. 



9 

Butt, Corner, Lap, and Edge 
Joints 


Edge Joint 


16. Edge Joint. — Generally used for i inch or thinner. Not recom- 
mended for heavier work. For loads which are not very severe. 


Suggestions for Arc Welding Cast Iron 

Each, j'ob should be studied carefully before welding in order to 
avoid possible difficulties arising from uneven expansion and con- 
traction of the casting. The heat of the welding arc is confined 
to a comparatively small area, and for this reason complicated 
castings offer less trouble when welding is done with the arc than by 
other methods. For this same reason, many gray-iron castings can 
be arc- welded in place without dismantling for preheating. 

It is evident that the greater the length of the weld in a straight 
length, the greater the strain, since the strain is cumulative. There- 
fore, if a bead is curved, there is a tendency to reduce this cumula- 
tive effect 





Note. — ^O ne-fourth inch is added to calculated length of bead for starting and stopping the arc. 
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Another method is to deposit weld metal in short lengths and 
allow each to cool. For example, weld | minute, and then allow 
the weld to cool for 3 to $ minutes. By depositing small welds in 
various parts of the job, one weld is allowed to cool while metal is 
deposited in another location. 

The third method is to upset or peen the deposited weld metal 
lightly while it is still hot, before it has a chance to cool and con- 
tract. This causes the weld metal to stretch. In many cases the 
best method to pursue is to use a combination of the three 
methods just described. 




The weld metal deposited by the electric-arc process in cast iron 
is generally far stronger than the cast-base metal. When steel 
electrode is used, the weld metal is generally three to four times as 
strong as the casting. 

Coated electrodes of the proper type are usually designed to keep 
I the amount of heat required to a minimum, thus reducing thermal 
i disturbance and resultant hardness. 

{ Usually J-inch size electrodes are used for keeping the heat down 
'• as mentioned above. Electrode is made positive, work negative, 
i and the current is approximately 80 amperes. This apparently 
i ! too low current is employed to satisfy the heat conditions previously 
mentioned. The electrode itself will carry considerably more 
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current, but the requirements of cast-iron welding make the use of 

hi cast iron is a coated electrode mth steel ! 
base. It provides a solid, dense weld on cast iron of greater tensile 
strength ^an the cast iron itself. It affords an excellent bond or , 
union with the cast iron. Because of the low current used, the 
Suing effect usually present along the hne of fusion is materiaUy 
SS, theresultantw&dbeing, therefore, much more mactanable 
than is usually the case where other electrodes are employed. 

Thl mlSni of cast iron should be done very intermittently. In 
some cases “skip” welding is used with a weld not over 3 in^es 
Se at^ne tii^e. Immediately after each bead is deposited it ; 

work clean and not aUow it to get too hot. A good rule in relerence 
Ifcast honincreases the combined carbon 

toSfu™, 5 «1 ."fScieM tMdaos, be by tie 

V <50 that the studs may be screwed into the casting, me 
the V so mat s^to i- inch above the cast-iron surface. 

£i,“«ii.5Se .be.l J5 » 35 P" 

“me caYe^tw tSg. 

grooves in the casting with a round-nosed tool instead ot stuaoi g 
Welded Jigs and Fixtures 

for welding. Aluminum and magnesium aie also be g 

■ I; SSi?KSa?lS 

tion resufts. * 
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3. Placement of welds to resist turning effect of one member of the joint, 

4. Example of lap weld having poor distribution of stress through weld. 
Satisfactory for many jobs, though (5) and (6) are better. 

5. Example of lap weld having a more even distribution of stress through 
weld. Better than (4) and more commonly used. 

6. Example of lap weld in which there is fairly uniform transfer of stress 
through the weld. Better than (4) and (s) for severe fatigue and impact, 
but more expensive. 

7. Example of welds hooked around the comers to obtain resistance to 
tearing action on welds when subjected to eccentric loads. 

METALLIZING OR METAL SPRAYING 

Althougli the spraying of metal coatings on surfaces of many 
kinds has been known for years the process is just becoming 
recognized as a practical shop operation. It is used for protection 
against corrosion or decay and for building up surfaces that are too 
small because of wear or other reasons. In this field it competes 
with flame or arc welding. The characteristics of both processes 
make one more suitable for some kinds of work than the other. 

Metallizing, as its name implies, is a process for spraying pure 
metal on practically any metallic or nonmetallic surface without 
the use of acid or flux or without preheating the object to be coated. 
The spray gun is a small device weighing about four pounds, having 
within it a power plant which consists of an air turbine connected 
to reducing gears and feed rollers for automatically feeding wire 
through the gun to a nozzle which is supplied- with oxygen and 
acetylene, much the same as a welding or blowtorch. When the 
wire is pulled through the gun by the feed rollers, it comes into 
contact with the oxyacetylene flame and is melted. 

The molten metal is then blown by compressed air at high 
velocity onto the surface to be coated. If the surface is of a porous 
nature, then the molten particles of metal will be impacted into it 
and key fast without any special preparation. To coat a metal 
surface, it is first necessary to sand blast or steel-grit blast thor- 
oughly in order to produce a roughened surface with sharp eleva- 
tions and undercuts. When the atomized molten particles of metal 
are directed onto this surface, they key or dovetail to it and the 
coatings are tightly locked to the metal base. 

The metallized surface can be built up to any reasonable thickness 
desired and can be filed, ground, or polished just as a sheet of metal. 
If cut with a tool, the tool should be very sharp. A dull tool is more 
apt to tear the coating from the base metal. 

LEAD BURNING 

The operation known as ‘Tead burning’* is really lead welding, 
r Shops handling storage-battery repairs find the oxyacetylene blow- 
pipe useful in this work. The most important property of lead is 
its low melting point. A very small flame with a slight excess of 
acetylene is required. 

Hold the blowpipe so that the flame is almost perpendicular to 
the surface of the work, with the inner cone almost touching the 
metal. Heat the lead until it just melts, then lift the blowpipe 
quickly in order to prevent excess melting. In this way it is pos- 
sible to control this easily fused metal. The welding rod may be 
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made by cutting sheet lead into strips or by melting some lead and 
molding it into rods of convenient size. In adding metal from the 
rod, the Linde Air Products Company says, the blowpipe flame 
should be played simultaneously on the rod and along the edges 
of the work to be welded so that they will reach the fusion point at 
the same time. Thorough fusion is as important in lead welding 
as it is in welding steel. 

It is sometimes impossible to burn on a connector or terminal in 
one complete operation because the metal surrounding the cavity 
becomes overheated. In this case, stop work as often as the 
lead seems to be running too rapidly, and allow it to cool before 
proceeding. 

In most work with sheet lead, such as tank linings, lap joints are 
used, with a well-cleaned overlap of f to | inch.^ Often forms are 
necessary to support the sheet. After the lap is in position, the 
joint should be tapped slightly with a wooden mallet in order to 
cause closer contact of the sheets. Each edge of the lap is then 
fillet- welded, using rod. When it is not possible to work from both 
sides, for example, when a lining must be made in place, the butt 
weld is preferable. The lead sheets must then be supported in 
position and tack-welded to maintain alignment. Vertical seams 
should be started at the bottom so that the work progresses upward. 


SPREADING tOCOMOTIVE FRAMES FOR WELDING 

The same condition does not exist in every frame weld. Some 
4 by 4 -inch frames require more expansion than other frames of the 
same dimension, owing to the location of the break or its relation to 
some section of the locomotive where more strength is required. 
When a frame is hard to expand because of its location or because 
it is closely coupled at the point of fracture, it is very necessary 
that the expansion be increased a small amount to take care of the 
contraction that takes place more rapidly when the spreading 
device is taken out. 

Frame welds are being made with manganese bronze on some 
roads to avoid the necessity of heating as much as where steel rods 
are used. 

Table i6 gives the amount frames to be welded should be spread, 
the figures being based on experience. 


Table i6. — Amount oe Spread Frames Should Be Given for 
Welding 

Frame Section IN Inches Inch Spread to Be Allowed 

3 X 4 i 

4X4 A 

4 Xf4l P 

4X5 f 

SX 6 M 

6 X 8 * 

6X9 I 

8 X 8 

From a paper presented at the October, 1923* meeting, Chicago Section, 
American Welding Society. 
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Welding Locomotive Frames by Thermit 

When fracture is between jaws they must be spread by using 
screw jack or other form of spreader. The gap should be opened 
from to ^ inch, depending on the size of the frame and the 
amount of preheating. The longer the preheating, the more the 
heat soaks back into the frame and the greater must be the allow- 
ance for contraction. The jack should not be removed too soon— * 
about i hour after weld is made is a good average. 

Cast-iron thermit welds are hard to machine because the cast 
iron used contains over 3 per cent carbon and makes a high carbon 
steel in the weld. If finishing is necessary, it is usually done by 
grinding. Welds in wrought iron and steel machine more readily. 

Metals That Cdn Be Welded 

Since all metals do not weld together satisfactorily, the following 
table will be found convenient. Aluminum, for example, welds only 
to aluminum, tin plate, and zinc. Lead can be joined only to lead, 
galvanized iron, tin plate, zinc, and nickel silver. 

Table 17.— -Combinations oe Metals That Can Be Welded 
SUCCESSEULLY 
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The A1 -Fin Process of Joming Aluminum and Steel 

The ALFin process is a method of bonding an aluminum muS or 
i sleeve on a steel cylinder barrel with a ferric-alunoinum bond that is 
i stronger than pure aluminum. This is claimed to be a 100 per cent 
bond, far in excess of that obtained by the usual shrinking process. 
The thickness of the bond as at present applied is given as 0.004 inch. 
This is a process developed by the Fairchild Engine and Airplane 
: Company and handled by their subsidiary, the JU-Fin Corp. 
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GEARING 


SHAPES OF GEAR TEETH 

Cycloidal or Epicycloidal.— -A curved tooth generated by the point of a 
circle rolling away from the gear wheel or rack. 

Involute. — A curved tooth generated by unwinding a tape or string from a 
cylinder. The rack tooth has straight sides. 

Involute Standard. — The standard gear tooth has a I4i-degree pressure 
angle which means that the teeth of a standard rack have straight sides 
14I degrees from the vertical. 

Involute— Stubbed. — A tooth shorter than the standard and usually with 
a 20-degree pressure angle. 

Addendum. — ^Length from pitch line to outside. 

Chordal Pitch. — Distance from center to center of teeth in a straight line. 

Circular Pitch. — Distance from center to center of teeth measured on the 
pitch circle. 



Clearance. — Extra depth of space between teeth. 

Coast Side of Tooth. — The back of tooth. 

Drive Side of Tooth. — The side that drives. 

Dedendum. — ^Length from pitch line to base of tooth. 

Diametral Pitch. — Number of teeth divided by the pitch diameter or the 
teeth to eiach inch of pitch diameter. 

Face. — Working surface of tooth above pitch line. 

Flank. — Worldhg surface of tooth below pitch line. ‘ 

Outside Diameter. — Total diameter over teeth. 

Pitch Diameter. — Diameter at the pitch line. 

Pitch Line. — Line of contact of two cylinders which would have the same 
speed ratios as the gears. . , 

Linear Pitch. — Sometimes used in rack measurement. Same as circular 
pitch of a gear. 

Twelve types of gears, most of them in common use, are shown in 

Fig, 2. 

Gears are cut by several methods. The oldest and most common 
is to miU the teeth with formed cutters, indexing the gear blank 
for each tooth. In. gear bobbing, the cutter resembles a tap, and 
the gear blank revolves continuously at the proper rate, as the 
hob feeds across the face of the gear. 

22P 







teadln9 f|* 

y holds I 
ils, includi^ 
penturies.a 
/hi!© the pi 

Itferent viSI ! 
blograjiHiei 

anuscrIptS 
"he reading i 
I 'well stoiW 
1al. library wi 

Cours 

ftlon^ whs ; 
[or officers 
i In prepa 
CandforthS'' 
nc© Servi', 

ficanl and 


■ I- 

A i: 

T, 
?<■ ! 

!' 
j' ' 


r. 

s’. I 

« 


, Jovrnal is 
journal in tli* 
appeared n 
ers, and \t\ 
=ree express! 
s not Ipo' 
rnt, the Jof 
tm, without 
rvice in the 
propriety a 


Hi 


iT||\ ] 


.f? 



232 GEARING 

Gears are also cut by shaping or planing, a form tool being used 
in some few cases. Gear shaping, however, as with the Fellows, 
Maag, and Sykes methods, is a tooth-generating process as is 
bobbing. In the Fellows and Sykes machines the cutter is prac- 
tically a hardened gear and both the cutter and gear blank turn 
at the proper rate so that the tooth curves are generated. The 
Maag process uses a cutter in the form of a rack, but the teeth are 
generated in a similar way. 

Herringbone gears are double helical gears with the helix angles 
running in opposite directions. When made in one piece, they 
commonly have a groove in the center to permit the tool or cutter 
to run out without gashing the other teeth. The Sykes machine, 
however, cuts both angles without the necessity of the center 
groove. 

Gear-teeth forms are being modified to suit special conditions. 
Teeth are strengthened on pinions with few teeth by shifting the 
pitch line nearer the center, making a short dedendum and a long 
addendum, using generating cutters only. The outside diameter of 
the pinion is increased and the outside diameter of the gear decreased 
by the same amount. Teeth are cut to standard depth in both 
blanks. This prevents undercutting the teeth in the pinion. 
Ordinary formed gear cutters cannot be used for this. 

Spiral bevel gears, developed by the Gleason Works, have teeth 
that approximate a spiral and are designed to give a continuous 
contact to secure a steady and quiet drive. They are used almost 
universally in automobile drives and to some extent elsewhere, 
They can be cut only on special machines of the same comp^any. 

Hypoid gears are a modification of the spiral bevel in which the 
pinion is located below or above the center of the mating gears. 
The action more nearly approaches that of a worm drive and the 
location of the pinion permits its shaft to extend beyond the gear 
for support or other reasons. 
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Fomulas i-or Gearing 


Having 


The Diametral 

Pitch 

The Pitch Di- 
ameter and 
the Number 
of Teeth . . . 


The Number' 
of Teeth and 
the Circular 
Pitch ....... 

The Number 
of Teeth and 
the Outside 
Diameter ... 

The Outside 
Diameter and 
the Circular 
Pitch ...... 


Pitch 

The Pitch Di- 
ameter and I 
the Circular 
Pitch 

The Number 
of Teeth and 
the Adden- 
dum. 

The Pitch Di-‘ 
ameter and 
the Circular 
Pitch . 

The Circulax 
Pitch . 

The Circular 
Pitch . 

The Circular 
Pitch . 


Pitch 


Pitch 


Pitch . . 
Thickness 
Tooth. . . 


To Get 

Rule 

Formula 

The Circular 
Pitch 

Divide 3.1416 by the Di- 
ametral Pitch 

pf 3-1416 

The Circular 
Pitch 

Divide Pitch Diameter by 
the product of .3183 and 
Number of Teeth 

P- - 

.3183 

The Circular 
Pitch 

Divide Outside Diameter by 
the product of .3183 and 
Number of Teeth plus a 

. I?. „ ' 

^ .3i83(2ir+a) 

Pitch Diameter 

The continued product of 
the Number of Teeth, the 
Circular Pitch and .3183 

.3183 

Pitch Diameter 

Divide the product of Num- 
ber of Teeth and Outside 
Diameter by Number of 
Teeth plus a 

N+a 

Pitch Diameter 

Subtract from the Outside 
Diameter the product of 
the Circular Pitch and 
.6366 

D'-D- 

(P'.6366) 

1 Pitch Diameter 

Multiply the Number of 
Teeth by the Addendum 


i Outside Diameter 

The continued product of 
the Number of Teeth plus 
2, the Circular Pitch and 
.3183 

D-CAT-ba) 

-P'.3i83 

J 

1 Outside Diameter 

Add to the Pitch Diameter 
the product of the Cir- 
cular Pitch and .6366. . . . 

(P'.6366) 

■ Outside Diameter 

Multiply Addendum by 
Number of Teeth plus 2 

D«r(Ar+2> 

1 Number of Teeth 

Divide the product of Pitch 
Diameter and 3.1416 by 
the Circular Pitch 

TV 

r 

1 Thickness of 

i Tooth 

One half the Circular Pitch 

a 

1 Addendum 

Multiply the Circular Pitch 
by .3183 or 5 «= — .... . 

s .3183 

1 Root 

Multiply the Circular Pitch 
by -3^83 

5 +/-P' .3683 

1 Working Depth 

Multiply the Circular Pitch 
by .6366 

.6366 

] "Whole Depth 

Multiply the Circular Pitch 
by .6866 

.6866 

1 Clearance 

Multiply the Circular Pitch 
by -05 

/«P' .05 

1 Clearance 

One tenth the Thickness of 
Tooth at Pitch Line . , . . 

/-i 
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Having 

The Circular 

Pitch 

The Pitch Di- 
ameter and . 
the Number 
d Teeth . . . < 
The Outside 
Diameter and . 
the Numbk 
of Teeth ..... 

The Number of 
Teeth and 
the Diametral 
Pitch ....... 

The Number of 
Teeth and the , 
Outside Di- 
ameter 

The Outside 
Diameter and . 
the Diame- 
tral Pitch .. . , 
Addendum and 
the Number ■ 
of Teeth . . . , 
The Number of 
Teeth and the 
Diametral 

Pitch , 

ThePitchDiam- 
etcr and the 
Diametral 

Pitch , 

The Pitch Di- 
ameter and 
the Number 
of Teeth .... 

The Number of 
Teeth and > 
Addendum . , 
The Pitch Di-' 
ameter and 
the Diametral 
Pitch ...... 

The Outside’ 
Diameter and 
the Diametral 
Pitdi ...... 

The Diametral 
Pitdh ... 4 .. 

The Diametral ) 
Pitch 1 

The Diametral I 
Pitch ...... > 

The Diametral I 

Pitch 1 

The Diametral ) 
Pitch ...... ) 

The Diametral ) 
Pitch ...... > 

Thickness of) 
Tooth...... f 


Formulas por Gearing 


To Get 

Rule 

Formula 

The Diametral 
Pitch 

Divide 3.1416 by the Cir- 
cular Pitch 


The Diametral 
Pitdi 

Divide Number of Teeth by 
Pitch Diameter 

II 

Pi. 

The Diametral 
Ktch 

Divide Number of Teeth 
plus 2 by Outside Di- 
ameter 

p iV' 4‘2 

' ^ ;■ 

Pitch Diameter 

Divide Number of Teeth by 
the Diametral Pitch 

li 

Pitch Diameter 

Divide the Product of Out- 
side Diameter and Num- 
ber of Teeth by Number 

iV+2 

Pitch Diameter 

Subtract from the Outside 
Diameter the quotient of 
2 divided by the Diametral 
Pitch. 

D’=.D-f 

Pitch Diameter 

Multiply Addendum by the 
Number of Teeth 

ly^^sN 

Outside Diameter 

Divide Number of Teeth 
plus 2 by the Diametral 
Pitch 


Outside Diameter 

Add to the Pitch Diameter 
the quotient of 2 divided 
by the Diametral Pitch 


Outside Diameter 

Outside Diameter 

Divide the Number of Teeth 
plus 2, by the quotient of 
number of Teeth divided 

! by Pitch Diameter 

Multiply the Number of 
Teeth plus 2 by Adden- 
dum 

N 

XT 

D=(iV+2)f 

Number of 
Teeth 

Multiply Pitch Diameter by 
the Diametral Pitch 

N^jyF 


Multiply Outside Diameter 


Number of 
Teeth 

by toe Diametral Pitch 
and subtract 2 ........ . 

iV=DP— 2 

Thickness of 
Tooth 

Addendum 

Divide 1.5708 by the Di- 
ametral Pitch 

Divide i by toe Diametral 

Pitch or ^*=> ^ ......... 

F 

r' 

Root 

N 

Divide i.is7 by toe Diam- 
etral Pitch ............ 


Working Depth 

Divide 2 by the Diametral 
Pitch.................. 


Whole Depth 

Divide 2.157 by the Dia- 
metral Pitch 


Clearance 

Divide ,157 by toe Diametral 
Pitch 

^ F 

Clearance 

Divide Thickness of Tooth 
at pitch line by 10 
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I Table i .-"Involute Tooth Pahts 

(Dimensions in Indies) 


Diametral 

Pitch, 

P 

Circular 

Pitch, 

3-1416 

P 

Thickness 
of Tooth 
at Pitch 
Diameter 
T, 

1.5708 ' 

^ i 

Adden- 

dum, 

a, 

1 

P 

Working 

Depth, 

h, 

2 

' ^ 

1 

Whole 
Depth Spur 
Gears, 
Worms, 
Worm 
Gears, 
2 .IS 7 

P 


6.2832 

3.1416 

2.0000 

4.0000 1 

4.3140 

! 

4.1888 

2 . 0944 

r.3333 

2.6667 i 

2 , 8760 

I 

3 . 1416 

1.5708 

I. 0000 

2 . 0000 j 

2.1570 

Ip 

2,5133 

I . 2566 : 

0,8000 ; 

I . 6000 

1.7256 

i| 

2 . 0944 

I . 0472 

0.6667 

1.3333 

1.4380 

If 

1-7953 

0.8976 

0.5714 i 

I. 1429 

1.2326 

■; 2 

1.5708 

0.7854 

0.5000 1 

I .0000 

1.078s 

2i 

1.3963 

0.6981 

0.4444 

0 . 8889 

0.9587 


1.2566 

0.6283 

0 . 4000 

0 . 8000 

0.8628 

2| 

I . 1424 

0.5712 

0.3636 

0.7273 

0.7844 

3 , ' ' ' 

r.0472 

0.5236 

0.3333 ! 

0.6667 

0.7190 

3 P : 

0 . 8976 

0.4488 

0.2857 

0.5714 

0.6163 

4 : 

0.7854 

0.3927 

0,2500 

0 . 5000 

0 . 5393 

S 

0.6283 

0,3142 

0,2000 

0 .4000 

0.4314 

6 

0.5236 

0.2618 

0.1667 

0.3333 

0 . 3 S 9 S 

7 " , 

0.4488 

0.2244 

0 . 1429 

0.2857 

0.3081 

8 

0.3927 

0 , 1964 

0 .I 2 S 0 

0.2500 

0 . 2696 

9 

0.3491 

0.1745 

O.IIII 

0.2222 

0.2397 

10 

0,3142 

0.1571 

0. 1000 

0.2000 

0.2157 

II 

0.2856 

0.1428 

0.0909 

0.1818 

0.1961 

12 

0.2618 

1 

0.1309 

0.0833 

0.1667 

0.1798 

14 

0.2244 

0.1122 

0.0714 

0.1429 

0.1541 

16 

0.1964 

0.0982 

0.062s 1 

0.1250 

0.1348 

18 

0 .I 74 S 

0.0873 

0.0556 1 

O.TIII 

0.1198 , 

20 

0 . 1 S 7 I 

0.0785 

0.0560 

O.IOOO 

0.1079 

22 

0.1428 

0.0714 

0.0455 

0.0909 

0.0980 

24 

0.1309 

0.0654 

0.0417 

0.0833 

0 . 0899 

26 

0.1208 

0,0604 

0.038s 

0.0769 

0,0830 

28 

0. 1122 

0.0561 

0.0357 

0.0714 

0.0770 

30 

0 . 1047 

0.0524 

0.0333 

0.0667 

0.0753 

32 

0.0982 

0.0491 

0.0312 

0.062s 

0.0708 

36 • ■ 

0.0873 

0 . 0436 

0.0278 

0 . 0556 

0.0631 

40 

0.0785 

0.0393 

0.0250 

0.0500 

0.0570 

44 

0.0714 

0.0357 

G.0227 

0.0455 

0,0520 

4S 

0.0654 

0.0327 

0.0208 

0, 0417 

0 . 0478 

50 

1 0.0628 

0.0314 

0.0200 

0.0400 

0.0460 

56 

0.0561 

0.0280 

! 0.0179 

0.0357 

0.0413 

60 

1 0.0524 

0.0262 

0.0167 

0.0333 

0.0387 

64 

1 0.0491 

0.024s 

0.0156 

0.0312 

0.0364 

72 

0.0436 

' 

0,0218 

0 . 0139 

0.0278 

0.0326 

So 

1 0 . 0393 

0.0196 

0.012s 

0.0250 

0.029s 


Note. — The American Gear Manufacturers Association, Empire Building, 
Pittsburgh, Pa., recommends a whole depth of — 4- 0.002 inch for gears 
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STANDARD COMPOSITE GEAR-TOOTH SYSTEMS 

Committees of the American Standards Association have worked 
out the following systems for gear-tooth forms which were approved 
in January, 1927. 


0.77705 


Fig. 3. — Basic Rack for i4|-Degree Composite System (Full-Depth 






im. without 


Fig. 4. — Approximation to Basic Rack for i4j-Degree Composite 
System (Full-Depth Tooth) ^ ^ ^ 









COMPOSITE GEAR TOOTH 
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Fig. s - — Full-Depth Tooth Proportions for Spur Gears — i4i- 
Degree Composite System 


The use of both diametral and circular pitches:^ 



In Terms of 
Diametral 
Pitch, In. 

In Terms of 
Circular Pitch, 
In. 

Addendum 

I 

” D.P. 

= 0.3183 X C.P. 

Minimum dedendum^ 

I.IS7 
“ D.P. 

= 0.3683 X C.P. 

Working depth 

2 

“ D.P. 

== 0.6366 X C.P. 

Minimum total depths 

2.IS7 
"" D.P. 

= 0.6866 X C.P. 

Pitch diameter 

N. 

* D.P. 

= 0.3183 X N. X C.P. 

Outside diameter 

N. 4- 2 
" D.P. 

= 0.3183 X (N. + 2) X 

Basic tooth thickness 
pitch line 

on 1.5708 

~ D.P. 

= 0.5 X C.P. 

Minimum clearance^.a 

0.IS7 
“ D.P. 

= 0.05 X C.P. 


C.P. 


1 N = number of teeth. D.P. = diametral pitch, ^ C.P,^ “ circular pitch. 
The term diametral pitch is used up to i D.P. inclusive and the term 

circular pitch is used for 3 in. C.P. and over. ^ ^ . . , 

2 A suitable working tolerance should be considered in connection with all 

minimum recommendations. < 1. 1 

3 Minimum clearance refers to the clearance between the top of the gear 
tooth, and the bottom of the mating gear space, and is specified as “ mini- 
mum” so as to allow for necessary cutter clearance for all methods of pro- 
ducing gears. At the present time this value has not been standardized. 
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20-degree STXm mVOLXJTE SYSTEM 



6. — Basic Rack for 20-Degree Stub Involute System for Spur 
Gears 



Fig. 7. — Proportions for Spur Gears 


use of both diametral and circular pitches:^ 



In Terms OF 
Diametral 
Pitch, In. 

In Terms of 
Circular Pitch, 

In.,, , 

i^ddendum 

0.8 

■ “ D.p. : 

= 0.2346 X C.P. 

vlinimum dedendum 

"D.P. 

« 0.3183 X C.P. 

iVorldng depth 

1.6 

"D.P. 

= 0.S092 X C.P. 

vlinimum total depth 

1.8 

“d.p. 

= 0.5729 X C.P. 

i^itch diameter 

N. 

■■■ D.P.' ■ 

= 0.3183 X N. X C,P. 

Dutside diameter 

/ 4- 1.6 

'D.p.,:.'. 

P.D. -h (2 addendums) 


N = number of teeth. D.P. *= diametral pitch. P.D. = pitch diam- 
C.P. circular pitch. The term diametral pitch is used up to 
.P. inclusive and the term “ circular pitch” is used for 3 in. C.P. and over. 
lOTE. — A minimum root clearance of 0.2 in./diametral pitch is recom- 
ided for new cutters and gears. There is correct tooth action, however, 
ween gears cut tp this standard system and those cut to the Nuttall 
:em, the only dimension affected being the clearance. Where the pro- 
ed gear tooth meshes with a Nuttall gear space there is a clearance of 
PS in./diametral pitch,: and where the Nuttall tooth runs with the pro- 
ed gear space there is a clearance of 0.2146 in./diametral pitch. 


CHORDAL PITCH AND RADIUS 


CONSTANTS FOR DETERMINING CHORDAL PITCH AND 
RADIUS OF SPUR GEARS 

P — chordal pitch of teeth. 

P = radius of pitch circle, 

N = number of teeth. 

C = constant (see table below). 

, radius of pitch circle 

or a pi c “ Iqj. Qf 

Radius of pitch circle = constant X chordal pitch. 

^ ^ radius of pitch circle 

Constant for any number of teeth = ch o rdal pitch of't a S' 

Examples. — i. What is radius of pitch circle of a gear having 45 
teeth, 1 1 inch pitch? Follow 40 in the table of constants to column 
5 (making 45 teeth), and find 7.168. Multiply by pitch, if inch, 
and get 12.54 inches radius, or 25.08 pitch diameter. 

2. What is the chordal pitch of a gear 32 inches pitch diameter, 
67 teeth? Follow 60 in table to column 7 and find 10.668. Divide 
radius (J of 32 = 16 inches) by constant. 16 -r* 10.668 = 1.5 inch 
pitch. 

3. What number of teeth has a gear of 1.5 inch chordal pitch and 
pitch diameter of 32 inches? Divide by 2 to get radius. Divide 
this by chordal pitch which will give constant: 16 -r 1.5 = 10.666. 
Look in table for this constant which will be found to represent 
67 teeth. 

Table 2. — Constants 


0 





0 

000 

0 

000 

0 

500 

I 

618 

I 

774 

I 

932 

3 

196 

3 

355 

3 

513 

4 

783 

4 

942 

5 

101 

6 

373 

6 

532 

6 

691 

7 

963 

8 

122 

8 

281 

9 

SS 4 

9 

713 

9 

872 

11 

14s 

II 

304 

11 

463 

12 

736 

12 

895 

13 

054 

14 

.327 

14 

486 

14 

t4B 

IS 

918 

16 

077 

16 

236 

17 

S09 

17 

668 

17 

828 

19 

101 

19. 

.260 

19. 

.419 

20 

693 

20 

.852 

21 , 

.Oil 

22 

285 

22 

.444 

22 

.603 

23 

.877 

24 

.036 

24 

.195 

25 

.468 

2S 

.627 

25 

.787 

27 

.060 

27 

.219 

27 

.378 

28 

.652 

28 

.811 

28 

■970 

30 

.242 

30 

.403 

30 

.562 

31 

.830 

31 

.9S9 

32 

.148 

33 

.427 

33 

.586 

33 

.746 

35 

.019 

35 

.178 

35 

.337 

36 

.611 

36 

.770 

36 

.929 

38 

.203 

38 

.362 

38 

.521 

39 

.795 



= 
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leading R 




Gearwheels 

Table 3.—T00TH Parts 
Diametral Pitch in First Column 



Note.— 7T0 obtain the size of any part of a diametral pitch.not given in the 
table, divide the corresponding part of I diametral pitch by the pitch 
required. • 

As it is natural to think of gear pitches as the distance between 
teeth, the same as threads, it is well to fix in the mind the approxi- 
mate center distances of the pitches most in use. Or it is easy to 
remember that, if the diametral pitch be divided by 3I, we have the 
teeth per inch on the pitch line. By this method we easily see that 
in a 10 diametral pitch gear, there are approximately 3 teeth per 
inch, but in a 22 diametral pitch, there will be just 7 teeth to the inch. 
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Table 3.— Tooth Continued 


Diametral Pitch | 

Circular Pitch 

ss 

a, 

h 

Addendum and p 

Working Depth of 
Tooth 

Depth of Space 
below Pitch Line 

Whole Depth of 
Tooth 

P 

pr 

t 

s 

D" 

s+f 

ly'+f 

15 

.2094 

.1047 

.0666 

•1333 

.0771 

.1438 

t 6 

.1963 

.0982 

.0625 

.1250 

.0723 

.1348 

17 

.1848 

.0924 

.0588 

.1176 

.0681 

.1269 

18 

•1745 

.0873 

•OSSS 

.nil 

-0643 

.1198 

19 

•1633 

.0827 

.0526 

•1053 

.0609 

•1135 

20 

•1571 

.0785 

.0500 

.1000 

•0579 

.1079 

22 

.1428 

.0714 

• 04 SS 

.0909 

.0526 

.0980 

24 

•1309 

.0654 

.0417 

•°833 

•0482 

.0898 

26 

.1208 

.0604 

•038s 

.0769 

• 044 S 

.0829 

28 

.1122 

.0561 

•0357 

.0714 

.0413 

.0770 

30 

.1047 

.0524 

•0333 

.0666 

.0386 

.0719 

32 

.0982 

.0491 

.0312 

.0625 

.0362 

.0674 

34 

.0924 

.0462 

.0294 

.0588 

.0340 

.0634 

36 

.0873 

.0436 

.0278 

•OSSS 

.0321 

*0599 

38 

.0827 

.0413 

.0263 

.0526 

.0304 

.0568 

40 

.0785 

•0393 

.0250 

.0500 

.0289 

•0539 

42 

.0748 

•0374 

.0238 

.0476 

.0275 

.0514 

44 

.0714 

^0357 

.0227 

.0455 

.0263 

.0490 

46 

.0683 

.0341 

.0217 

•0435 

.0252 

.0469 

48 

.0654 

0327 

.0208 

•0417 

.0241 

.0449 

50 

.0628 

.0314 

.0200 

.0400 

.0231 

.0431 

56 

.0561 

.0280 

.0178 

• 03 S 7 

.0207 

•0385 

60 

.0524 

.0262 

.0166 

•0333 

•0193 

.0360 


Note. — To obtain the size of any part of a diametral pitch not given in the 
table, divide the corresponding part of i diametral pitch by the pitch 
required. 


As it is natural to think of gear pitches as the distance between 
teeth, the same as threads, it is well to fix in the mind the approxi- 
mate center distances of the pitches most in use. Or it is easy to 
remember that if the diametral pitch be divided by we have the 
teeth per inch on the pitch line. By this method we easily see that 
in a lo-diametral-pitch gear there are approximately 3 teeth per inch 
while in a 22 diametral pitch there will be just 7 teeth to the indi. 
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Table 4.“Tooth Tarts 
Circular Pitch in First Column 


Circular Ktch 

Threads or Teeth 
per Inch linear 

Diametral Pitch 

Thickness of 
Tooth on Pitch 
line 

Addendum and 
Module 

Working Depth 
of Tooth 

Depth of Space 
below Pitch line 

Whole Depth of 
Tooth 

Width of Thread- 
Tool at JEnd 

.'S "S ' 

P' 

JP ' 

P 

t 

s 

jr 

s+f 


P'X.si 


2 

i 

1.5708 

1.0000 

.6366 

1.2732 

.7366 

1-3732 

.6200 

.6700 

i| 

•A 

1-6753 

-9373 

.3968 

1.1937 

.6906 

1.2874 

•5813 

.6281 


1 f 

1-7952 

.8730 

•5570 

1.1141 

•6445 

1,2016 

•5425 

•5863 

it 

A 

1-9333 

.8125 

-5173 

1-0345 

•5985 

1-1158 

•5038 

•5444 



2.0944 

.7500 

-4775 

•9549 

•5525 

1.0209 

.4650 

•5025 


li 

2-1855 

.7187 

•4576 

•9151 

•5294 

.9870 

•4456 

.4816 

If 

* 

2.2848 

.6875 

•4377 

•8754 

•3064 

.9441 

.4262 

.4606 


i 

2.3562 

.6666 

.4244 

.8488 

.4910 

•9154 

-4133 

.4466 



2.3936 

.6562 

-4178 

•8356 

•4834 

.9012 

.4069 

•4397 

li 

4 

2-5133 

.62501 

•3979 

•7958 

.4604 

•8583 

•3875 

.4188 



2.6456 

•5937 

.3780 1 

.7560 

•4374 

.8156 

.3681 

•3978 


i 

2-7923 

•3625 

-3581 

.7162 

.4143 

.7724 

.3488 

•3769 


if 

2.9568 

•5312 

-3382 

.6764 

•3913 

•7295 

•3294 

•3559 

I 

I 

3.1416 

.5000 

•3183 

.6366 

•3683 

.6866 

.3100 

•3350 


lA 

3-3510 

.4687 

,2984 

.3968 

•3453 

-6437 

.2906 

.3x41 

i 

i-f 

3.3904 

•4375 

•2785 

•5570 

.3223 

.6007 

.2713 

.2931 


lA 

3.8666 

,4062 

.2586 

-5173 

.2993 

•5579 

.2519 

.2722 

i 

li 

3.9270 

.4000 

.2346 

.5092 

•2946 

•5492 

.2480 

.2^0 

i 


4.1888 

•3750 

.2387 

•4775 

.2762 

•5150 

•2325 

•2513 

y 

lA 

4.5696 

-3437 

.2189 

•4377 

•2532 

.4720 

.Z131 

•2303 

t 


4.7124 

•3333 

.2122 

•4244 

.2455 

•4577 

.2066 

•2233 

f 

If 

5.0265 

•3125 

.1989 

•3979 

.2301 

.4291 

•1938 

.2094 

f 


3.2360 

.3000 

.1910 

.3820 

,2210 

.4120 

.i860 

.2010 

7 

li 

s-4978 

.2857 

.1819 

•3638 

.2105 

.3923 

.1771 

.1914 

A 

• if 

5-5851 

.2812 

.1790 

•3581 

.2071 

.3862 

.1744 

.1884 


Note. — -T o obtain the size of any part of a circular pitch not given in the 
table, multiply the corresponciing part of I second pitch by the pitch required. 


As an example take a gear having 21 diametral pitch to find the 
various tooth parts. Take i diametral pitch and divide 3.1416 by 
21 to find the corresponding circular pitch, which is 0.14951. The 
tooth thickness is 1.5708 21 == 0,0748; the addendum is r.o - 5 - 21 

= 0.04761: the working depth is 2.0 4 * 21. = 0.09522; the depth 
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Table 4.— Tooth Parts — Continued 


■g 

I 

Threads or Teeth 
per Inch linear ] 

1 

Thickness of 
Tooth on Ktch. 
Line 

Addendum and 
Module 

Working Depth 
of Tooth 

"1 

ofi 

t| 

Q 

Whole Depth of 
Tooth 

Width of Thread- 
Tool at End 

Width of Thread 
at Top 1 ] 

P ' 

x " 

P 


B 

jr 

s+f 



P^-33S 

i 

2 

6.2832 

.2500 

•1592 

.3183 

.1842 

‘3433 

•1550 

•167s 

1 

2 i 

7.0685 

.2222 

•141S 

.2830 

.1637 

.3052 

•1378 

.1489 

•A 


7.1808 

.2187 

.1393 

.2785 

.1611 

.3003 

•1336 

.1466 



7-3304 

.2143 

•1364 

.2728 

■1578 

.2942 

.1328 

-1436 


2} 

7.8540 

.2000 

.1273 

.2546 

.1473 

.2746 

.1240 

.1340 

1 

2| 

8.3776 

•187s 

.1194 

.2387 

.1381 

• 2 S 7 S 

.1163 

.1256 

A 

2i 

8.6394 

.1818 

.1158 

.2316 

.1340 

.2498 

.1127 

.1218 

i 

3 , 

9.4248 

,1666 

.1001 

.2122 

.1228 

.2289 

•1033 

.1117 

A 


10.0531 

.1562 

.0995 

.1989 

.1151 

.2146 

.0969 

.1047 

A 

3 i 

10.4719 

.1500 

•° 9 SS 

.1910 

.1105 

.2060 

.0930 

.1005 


3I 

10.9956 

.1429 

.0909 

.1819 

.1052 

.1962 

.0886 

• 09 S 7 

i 

4 

12.5664 

.1250 

.0796 

■1591 

,0921 

.1716 

•0773 

.0838 

I 

4 i 

14.1372 

.1111 

.0707 

.1415 

.0S18 

.1526 

.0689 

.0744 

i 

5, 

15.7080 

.1000 

.0637 

•1273 

•0737 

•1373 

.0620 

.0670 

A 

Sf 

16.7552 

•0937 

.0597 

.1194 

.0690 

.1287 

.0581 

.0628 

A 

5 i 

17.2788 

.0909 

.0579 

■1138 

.0670 

.1249 

.0564 

.0609 

i 

0 

18.8496 

-0833 

•0531 

.1061 

.0614 

.1144 

•0317 

•0358 

A 


20.4203 

.0769 

.0489 

.0978 

.0566 

•loss 

.0477 

•0515 

} 

7 ^ 

21.9911 

.0714 

• 04 SS 

.0910 

.0526 

.0981 

‘0443 

.0479 

A 

7 i 

23.5619 

.0666 

.0425 

.0850 

.0492 

.0917 

.0414 

.0446 

i 

8 

25.1327 

.0625 

.0398 

.0796 

.0460 

.0858 

.0388 

.0419 

i 

9 

28.2743 

•0555 

•0354 

.0707 

.0409 

.0763 

‘O344 

.0372 

A 

10 

31.4159 

.0500 

.0318 

.0637 

.0368 

.0687 

.0310 

•0335 

A 

16 

50.2655 

.0312 

.0199 

.0398 

.0230 

.0429 

.0194 

.0209 

A 

20 

62.8318 

0 

0 

.0159 

.0318 

.0184 

•0343 

•oiSS 

.0167 


Note.-t-To obtain tbe size of any part of a circular pitch not given in the 
table, multiply the corresponding part of , i second pitch by the pitch required. 


below pitcli line is 1.1571 ^ 21 — 0.0551 and tbe whole depth is 
I 2. 1571 21 = 0.1027 inch. These could also have been obtained 

i by splitting the difference between the figures for 20 and 22 pitch. 
• The same can be done for circular pitch except that we multiply 
; instead of divide. , 
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LAYING OUT SPUR-GEAR BLANKS 

Decide upon the size wanted, remembering that 12-pitch teeth 
are deep, and 8-pitch-— as in Fig. S — f deep, etc. Should it be 
8 pitch, as shown, draw a circle measuring as many eighths of 
an inch in diameter as there are to be teeth in the gear. This 
circle is called the “pitch line.” Then with a radius f inch larger, 
draw another circle from the same center, which will give the outside 
diameter of the gear, or f larger than the pitch circle. Thus we 
have for the diameter of an 8-pitch gear of 24 teeth, Should 
there be 16 teeth, as in the small spur gear shown, the outside 
diameter would be the number of teeth being always two less 
than there are eighths — when it is 8 pitch — ^in the outside diameter. 



The distance from the pitch line to the bottom of the teeth is the 
same as to the top, except the clearance, which varies from | of 
the pitch to ^ of the thickness of the tooti at the pitch line. This 
latter is used by Brown and Sharpe and many others, but the clear- 
ance being provided for in the cutters, the two gears would be laid 
out to mesh together just f . 

These rules apply to all pitches, so that the outside diameter of 
a 5-pitch gear with 24 teeth would be if a 3-pitch gear with 40 
teetdi, it would be Again, if a blank be 4J (^) in diameter and 
cut 6 pitch, it sho\dd contain 23 teeth. 

Actual Size of Diametral Pitches 

^ It is^ not always easy to judge or imagine just how large a given 
pitch is when measured by the diametral system. To make it 
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The difference between the 14!- and 20-degree pressure angles 
can be seen by comparing Figs. 9 and 10. Not ojSy is the tooth 
shorter, but the base is broader. 


STUB-TOOTH GEARS 

Any tooth shorter than the regular standard length is called a 
^^stnb^’ tooth, but like the bastard thread there have been many 
kinds. In 1899, the Fellows Gear Shaper Company introduced a 
short tooth with a 20-degree pressure angle instead of the usual 
I4|-degree. This gives a broader flank to the tooth and makes a 
stronger gear, especially for small pinions where strength is needed. 
While the Fellows tooth is shorter than the standard tooth, there is 
no fixed relation between them, as, on account of the tooth depth 
graduations of the gear shaper, it was thought best to give the new 
tooth depth in the same scale which is shown in table on this page. 
This means that if the pitch is 4, it has the depth of a s-pitch stand- 
ard tooth divided as shown. The clearance is one-quarter the 
addendum or dedendum. 

Table 5. —Gear-Tooth Parts (2o-Degree Pressure Angle, 
Stub-Tooth Form) 

The Fellows Gear Shaper Company Standard 


Dimensions in Inches 


Diametral 

Pitch 



Thickness 
on Pitch 
Line 

Addendum 

Dedendum 

Plus 

Clearance 

Whole 
Depth of 
Tooth 

Double 

Depth of 

Tooth 

o.S2s6 

0.2500 

0.3125 

0.5625 

1.1250 

0.3927 

0.2000 

0.2500 

0.4500 

0.9000 

0.3142 

0. 1429 

0.1786 

0.3215 

0.6430 

0.2618 

0.1250 

0.1562 

0.2812 

0.5625 

0.2244 

0. nil 

0.1389 

0.2500 

0.5000 

0,1963 i 

0. 1000 

0. 1250 

0.2250 

0.4500 

0 -I 74 S 

0.0909 

0.1136 

0.2045 

0.4090 

0 -IS 7 I 

0.0833 

0.1042 

0.1875 

0-3750 

0.1309 

0.C714 

0.0893 

0.1607 

0.3214 

0.1208 

0.0625 

0.0781 

0. 1406 

0.2812 

0.1122 

0.0555 

0.0694 

0.1250 1 

0.2500 

0.1047 

0.0500 

0.0625 

0. 1125 

0.2250 

0.0982 

0.0476 

0.0595 

0.1071 

0.2142 

0.0924 

0.0454 

0.0568 

0.1023 

0 . 2046 

0.0873 

0.0417 I 

0.0521 

0.0937 

0.187s 

0.0827 

0.0400 

0.0500 

0.090Q 

0.1800 

0.078s 

0.0385 

0.0481 

0.0865 

0.1731 

0.0748 

0.0357 

0.0446 

0.0803 

0.1607 

0.0714 

0.0345 

0.0431 

0.0776 

0.1552 

0.0683 

0.0330 

0.0412 

0.0742 

0.1485 

0.0654 

0.0312 

0.0391 

0 . 0703 

0. 1406 
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Table 6. — Outside Diameters of Stub-Tooth Gears 

P.D. = — addendum « r — - / clear 

numerator pitch, denominator pitch 

addendum 


O.D. = P.D. + f 2 X j m: 1 dedendum = 

\ denominator pitch/ 

I 

denominator pitch* 


Pitch 



1 

1 

1 

A 


IS 

•it 

i! 

Num- 
ber of 
Teeth 






i 

i'. 




14 

S.167 

3.900 

3.086 

2.583 

2.222 

I. 9 S 0 

1.738 

1.567 

1. 310 

.970 

IS 

S-Soo 

4. ISO 

3.286 

3.750 

2.36s 

2.075 

1.849 

1.667 

1.393 

1.033 

16 

5.833 

4.400 

3.486 

3.686 

2.917 

2.508 

2.200 

1.900 

1.767 

1.476 

1.095 

17 

6.167 

4.0SO 

3.083 

2.651 

2.32s 

2.071 

1.867 

1.560 

1.158 

18 

6.S00 

1 4.900 

3.886 

3.250 

2.794 

2.450 

2.182 

1.967 

1.643 

1.220 

19 

6.833 

5 . ISO 

4.086 

3.417 

2.937 

2.575 

2.292 

2.067 

1.726 

1.283 

20 

7.167 

5.400 

4.286 

3.583 

3.080 

2.700 

2.404 

2.167 

1.809 

1.345 

22 

7-833 

5.900 

4.686 

3.917 

3.36s 

2.950 

2.626 

2.367 

1.976 

1.470 

24 

8.500 

6.400 

5.086 

4.250 

3.651 

3. 200 

2.849 

2.567 

2.143 

1. 595 

26 

9.167 

6.900 

5.486 

4.583 

3.937 

3.450 

3.071 

2.767 

2.310 

1,720 

28 

9.833 

7.400 

5.886 

4.917 

4.222 

3.700 

3.293 

2.967 

2.476 

1,84s 

30 

10. 500 

7.900 

6.286 

5.250 

4.508 

3-950 

3.S15 

3.167 

2.643 

1.970 

32 

11.167 

8.400 

6.686 

5.583 

4.794 

4.200 

3.738 

3.367 

2.809 

2.09s 

34 

11.833 

8.900 

7.086 

5.917 

5. 080 

4.450 

3.960 

3.567 

2.976 

2.220 

30 

12.500 

9.400 

7.486 

6.250 

5.365 

4.700 

4.182 

3.767 

3.143 

2.34s 

38 

13.167 

9.900 

7.886 

6.583 

5.651 

4.950 

4.404 

3.967 

3.310! 

2. 470 

40 

13.833 

10.400 

8.286 

6.917 

5. 937 

5.200 

4.626 

4.167 

3.476 

2.595 

42 

14.500 

10.900 

8.686 

7.250 

6.222 

5 . 450 

4.849 

4.367 

3.643 

2.720 


15.167 

11.400 

9.086 

7.583 

6.SO8 

5. 700 

5.071 

4.567 

3.809 

2.84s 

15.833 

11.900 

9.486 

7.917 

6.794 

5 . 950 

5.293 

4.767 

3.976 

2.970 

48 

16.500 

12.400 

9.886 

8.250 

7.080 

6.200 

S.S15 

4.967 

4.143 

3.095 

SO 

17.167 

12.900 

10.286 

8.S83 

7.36s 

6.450 

5 . 738 

5. 167 

4.310 

3.220 

S2 

17.833 

13.400 

10.686^ 

8.917 

7.651 

6.700 

5.960 

5 . 367 

4.476 

3.34s 

S 4 

18.500 

13.900 

11.086 

9.250 

7.937 

6.950 

6,182 

5.567 

4.643 

3.470 

56 

19.167 

14.400 

11.486 

9.5S3 

8.222 

7.200 

6.404 

5 . 767 

4.809 

3 . 595 

58 

19.833 

14.900 

11.886 

9.917 

8.508 

7.450 

6.626 

5.967 

4.976 

3.720 

60 

20.500 

15.400 

12.286 

10.250 

8.794 

7.700 

6.849 

6. 167 

5 . 143 

3.84s 

62 

21.167 

15.900 

12.686 

10.583 

9.080 

7.950 

7.071 

6.367 

5. 310 

3.970 

64 

21.833 

16.400 

13.086 

10.917 

9.365 

8.200 

7.293 

6.567 

5 . 476 

4.09s 

66 

22.500 

16.900 

13.486 

11.250 

9.651 

8.450 

7 . SIS 

6 . 767 

5.643 

4.220 

68 

23.167 

17.400 

13.886 

11.583 

9 .Q 37 

8.700 

7.738 

6.967 

5. 809 

4.345 

70 

23.833 

17.900 

14.286 

II. 917 

10.222 

8.950 

7.960 

7.167 

5.976 

4.470 


INTEREERENCE m INVOLUTE GEARING 

Interference between the teeth of involute gears is to be avoided, 
and in laying out a gear train, it is convenient to know the smallest 
permissible number of teeth in the driving pinion which can be 
used and at the same time avoid interference. 

As the straight'-sided rack is the basis of the involute system, 
interference between teeth is worked out on the basis of the rack, i 
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A formula which can be used for this purpose is as follows in which 
N equals the smallest number of teeth in the pinion and the con- 
stant equals the addendum length; 

jV 2 X pressure angle 4- constant 

tan^ of pressure angle 

The accompanying table contains a compilation of values based 
on this formula and covering three different addendum lengths: 
The so-called “standard” or i-inch addendum that is based on i 
diametral pitch; the stub tooth, which, on i diametral pitch, is 
^Vinch or 0.800; and f-inch addendum or 0.875 for r diametral 
pitch. The pressure angles range from 14J to 30 degrees, inclusive. 

It is interesting to note that 32 teeth is the smallest number 
with a i4|-degree pressure angle and a fuU length tooth which will 
avoid interference with a standard unmodified rack of the same 
tooth proportions; whereas, by shortening the addendum to ^ inch, 
26 teeth can be used with a I4i-degree pressure angle. 

The formula given above can, of course, be used to obtain the 
smallest permissible number of teeth with any addendum length 
by inserting the value over the addendum length where the con- 
stant appears in the formula. 


Table 7. — Smallest Permissible Number of Teeth in Pinion to 
Avoid Interference with Rack of Same Proportions 
Addendum Lengths Based on i Diamkral Pitch 


Pressure Angle 

Smallest Number of Teeth in Pinion 

I In. 

Addendum 

Hn. 

Addendum 

Ain. 

Addendum 

14*’ 30' 

32 

28 

26 

K 

30 

26 

24 


24 

21 

19 

20 

18 

15 

14 

22 ° 30' 

14 

12 

II 

24° 

12 

II 

10 

27° 30' 

10 

9 

8 

30° 

9 

7 

7 


LONG AND SHORT ADDENDUM TEETH 

A careful analysis of the action of involute gears indicates that 
the^best tooth action will result when the addenda on the gear and 
pinion are made in proportion in length to the ratio between the 
number of teeth in mesh. 


Using a long addendum pinion and short addendum gear reduces 
the angle of approach and increases the angle of recession, The 
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GEARING 


action of gears so designed is smoother when the angle of recession 
is greater than the angle of approach. A pressure angle should 
also be selected which will avoid interference, and by reference to 
the preceding table, if we know the smallest number of teeth in 
the pinion, we can then select a pressure angle which will avoid 
interference. 

To illustrate, assume that it is desired to figure the addenda of a 
7--pitch gear and pinion having a tooth ratio of 33 to 18 teeth, 
respectively. Also assume that we will make the addenda f inch 
based on i diametral pitch. For a 7-pitch gear, this would give f 
an addendum length of 0.125 inch. The total addenda, therefore, 
on gear and pinion would be 0.250 inch. By referring back to 
Table 7, we would have to select a pressure angle of 20 degrees 
to avoid interference with a x5-tooth pinion. The ratio between 
the number of teeth is 33 over 18, or 1.8333:1. In other words, 
the length of the addendum on the pinion should be 1.833 times 
greater than that on the gear. The sum of the addenda on the 
gear and pinion is 0.250 inch. Therefore, the addenda of the 
gear will be 0.250 over 1.833 pl^s i, or 0.0882 inch, and the adden- 
dum on the pinion will be 0.250 minus 0.0882 equals 0.1618 inch. 

Table 8^.— Total Tooth Space Depth tor Shaved Gears op 
Standard Tooth Proportions with Sixteen or More 


Normal Pitch^ 

Teeth 

Formula FOR Obtaining 
Tooth Space Depth ( 

4 


5 to 6 

D = + 0.015 inch 

7 to 9 

D = + 0.020 inch 

10 to 29 


30 to 45 

D = ^ . 

46 to 64 

P = “ + 0.010 inch 

65 to 100 

P == J + 0.007 iiich 


1 In spur gears, the normal and diametral pitch are the same. For 
helical gears, where the pitch is a fraction, and for Fellows stub-tooth gears, 
use the denominator pitch as the divisor. 
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1 Approximately correct for all pitches. Do not divide by diametral pitch. 
Dimensions for enlarged pinions (thirty-one and fewer teeth) and mating gears. 
Refer to A. G. M. A. Standard. Values in inches at i diametral pitch. 
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MEASimiNG ENL^ PINIONS WITH WIRES 
Since the outside diameter and addendum have been increased, 
standard wires — will come below the tops of the teeth of 
enlarged pinions, and a new series of wires is recommended which is 
. 1 : 2 ?-^ — Xhis value results in sizes which in some cases are the 

same as some other standard external or internal sizes. Measure- 

1.02 inch . - j t . . 

ments over — - — wires for 20-degree pressure angle pinions are 

given in Table Sb. The wire diameters are given in Table 8 d. 
Pinions having eighteen or more teeth in the 20-degree pressure 
angle system are made standard. 


Ti^LE 8d . — ^WiRE Diameters for Measuring Enlarged Pinions 


p 

G 

1.92 Inch 

P 

G 

1.92 Inch 

. 

P 

G 

1.02 Inch 


P 


P 


P 

2 

0.960 

II 

O.I 74 S 4 

36 

0.05333 


0.768 

12 

0.160^ 

40 

0 . 048^ 

3 

0 . 640 

14 

0.13714 

48 

0.040^ 

.4 

0.480^ 

16 

0.120^ 

64 

0.030^ 

5 

0.384 

18 

0.10667 

72 

0.02667 

6 

0.320 

20 

0.096^ 

80 

0.024^ 

7 

0.27428 

22 

0.08727 

100 

0.0192 

8 

0 . 240^ 

24 

0.080^ 

120 

0.0160 

9 

0*21333 

28 

0.06857 

160 

0.0120 

10 

0.192^ 

32 

0.060^ 

200 

0 . 0096 


1 standard external or internal gear wire sizes. 


MEASURING REDUCED GEARS (SHORT ADDENDUM) 

With the Fellows stub tooth gear the numerator represents the 
diametral pitch and should be used for calculating pitch diameter 
and circular pitch. The denominator is used in calculating adden- 
dum and dedendum. With a J Fellows gear use f for pitch and 
9 for tooth depth. This means use a 7P wire for measuring. 
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Table $ e , — ^^Gear Wiiie Sizes in Inches* 


Diametral Pitch, 

P 

For External Gears 

G = i^inch 

For Internal Gears 

G = i^inoh 

2 

0 . 864 

0.720 

2i 

0.6912 

0.576 

3 

0.576 

0 . 480 

4 

0.432 

0.360 

6 

0.288 

0.240 

7 

0 . 24686 

0.20571 

8 

0.216 

0.180 

9 

0.192 

0.160 

10 

0.1728 

0.144 

II 

0.15709 

O.I3O9I 

12 

0.144 

0.120 

14 ' 

0.12343 

0.10286 

16 

0.108 

0.090 

18 

0,096 

0 . 080 

20 

0 . 0864 

0.072 

22 

0.07855 

0.06545 

24 

0.072 

0.060 

28 

0.06171 

0.05143 

32 

0.054 

0.045 

36 

0.048 

0 . 040 

40 

0.0432 

0.036 

4S 

0.036 

0.030 

64 

0.027 

0.0225 

72 

0.024 

0.020 

80 

0.0216 

0.018 


* These are Van Keuren wires which are i| inches long and accurate 
within 0.00002s for size and soundness. Standardized at i pound pressure 
between flat contacts. 


Table 8 /. — Special Sizes oe Gear Wires 


Size Range, in Inches 

Size Range, in Inches 

0.002-0.005 

0.180-0.250 

0.005-0.007 

0.250-0.500 

0.007-0.010 

0.500-0.750^^^^^^^^^^^^^^^ 

O.OIO-0.016 

0.750-1 .000 

0.016-0. 100 

1.000-1.5708 

0. 100-0. 180 

' 


These special sizes are used in measuring helical gears and splines. 
They are made up in sets of two or in pairs. 
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Table 9.— Turning and Cutting Gear Blanks 
FOR Standard-Length Tooth 


Pitch 

16 

12 

10 

1 8 

Pitch 

16 

12 

{ 10 

! 8 

Depth 
of Tooth 

•13s 

.180 

.216 

.270 

Depth 
of Tooth 

•13s 

.180 

.216 

.270 

No. of 
Teeth 

Outside Diameter 

No. of 
Teeth 


Outside 

Diameter 

10 

f 

i 

lA 

li 

51 

3 -A- 

4 A 

sA 

6 | 

II 


itV 


4 

52 

3 l 

4 x 4 

sA 

6 i 


i 

lA 


if 

53 

3 tV I 

4 A 

5 x% 

61 

13 

if 

. 


ij 

54 

3 i 

4 A 


7 

14' '.1 

I 

lA 

lA 

2 

55 

3 A 

4 A 

kA 

7 i 

15 



lA 

4 

S 6 

3 i 

4 t® 

5 A 

7 i 

16 


lA 

ixV 

2 j 

57 

3 H 


sA 

72 

17 

ifV 

lA 

1* 

2| 

S8 

3 f 

5 i 

6 

7 i 

18 

li 

lA 

2 


59 

3 ti 

sA 

6A 

72 

19 



2A 


60 

3I 

sA 

6A 

7 i 

20 


"ft 

2A 

2| 

61 

3 « 

sA 

6A 

7 i 

21 

lA 


2A 

2i 

62 

4 

sA 

6A 

8 

22 

4 

2 

2A 

3 

63 

4 -^s 

sA 

^xV 

8i 

23 

lA 

2 A 

2A 


64 

4 i 

sA 

6 A 

8i 

24 


2* 

2T% 

3 J 

6s 

4 A 

sA 

6A 

82 

25 

ill- 

2A 

2tV 

3 i 

66 

4 i 


6A 

8i 

26 

li 

2A 

2A 

3 i 

67 

4 tV 


6xV 

82 

27 

iff 

2t\ 

2A 

3 l 

68 

4 i 

sil 

7 

82 

28 


2A 

3 , 

3 f 

69 

4 t^ 

sii 

7 A 

8i 

29 

iH 

2* 

3 A 

3 i 

70 

4 i 

6 

7 A 

9 , 

30 

2 

2A 

3 A 

4 

71 

4 A 

6A 

7 ^ 

9 i 

31 

2A 

2A 

3A 

4 j 

72 

1 4 f 

^A 

7 A 

9 i 

32 

2|- 

2lf 

3A 

4 i 

73 

4 A 

6A 

7 T®tr 

9 i 

33 

2A 

2A 

3A 

4 l 

74 

i 4 i 

^A 

7 A 

9 i 

34 

2i 

3 , 

3 A 

4 i 

75 

4 if 

6A 

7 A 

9 i 

35 

2A 

3A 

3A 

4 f 

76 

: 4 i 

6A 

7 A 

9 i 

36 

2| 

31 ^ 

3 A 

4 f 

77 

i 4 tt 

6 x 2 

7 A 

9 i 

37 

2A 


3tu 

4 | 

78 

5 ^ 

6xx 

8 

10 

38 

2 i 

sA 

4 

S 

79 

: SA 

6A 

8A 

io| 

39 

2A 

3 A 

4 A 

si- 

80 

Si 

6^ 

8A 

lOj 

40 

2| 


4 A 

si 

81 

5 A 

6H 

8A 

io| 

41 

2lf 

3 tV 

4 A 

Si 

82 

i 5 i 

7 , 

8 A 

loj 

42 

2f 

3 A 
3 t% 

4A 

Si 

83 

' 5 A 

7 A 

SA 

loj 

43 

2|f 

4 t®ti 

sf 

84 

5 i 

I 7 A 

8A 

io| 

44 

[ 2| 

3fl 

4 A 

si 

85 

5A 

1 7 A 

8 A 

io| 

45 

1 2if 

3 x 1 - 

4 A 

si 

86 

5 i 

! 7 A 

8A 

11 

46 

3 , 

4 

4A 

6 

87 

sA 

7A 

8A 

II J 

47 

3 A 

4tV 

4 A 

6i 

88 

5 f 

7 A 

9, 

III 

48 

3 i 

1 4 A 

5 , 

6i 

89 

1 5ii 

7 A 

9 A 

Ilf 

49 

3A 

4 A 

5A 

6f 

90 

'■ 5 f. 

7 A 

9A 

iii 

50 

3 i 

4A 

5A 

6i 

91 

|5tt 

7 A 

9 A 

iiS 
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BROWN AND SHARPE INVOLUTE GEAR-TOOTH CUTTERS 

No. I will cut wheels from 1 35 teeth to a rack. 

No. li will cut wheels from So teeth to 134 teeth. 

No. 2 will cut wheels from 55 teeth to 134 teeth. 

No. 2 1 will cut wheels from 42 teeth to 54 teeth. 

No. 3 wiU cut wheels from 35 teeth to 54 teeth. 

No. si will cut wheels from 30 teeth to 34 teeth. 

No. 4 will cut wheels from 26 teeth to 34 teeth. 

No. 4i will cut wheels from 23 teeth to 25 teeth. 

No. 5 will cut wheels from 21 teeth to 25 teeth. 

No. si will cut wheels from 19 teeth to 20 teeth. 

No. 6 will cut wheels from 17 teeth to 20 teeth. 

No, 6i will cut wheels from 15 teeth to 16 teeth. 

No. 7 will cut wheels from 14 teeth to- 16 teeth. 

No. 7 i will cut wheels from 13 teeth to 14 teeth. 

No. 8 will cut wheels from 12 teeth to 13 teeth. 

The eight cutters represented by the whole numbers constitute the 
regular set of cutters generally used for each pitch of tooth. The 
half numbers increase the set to 15 and give teeth which are theo- 
retically more correct. In some work special cutters are used for 
each gear but the 1 5 cutters in a set oSer all that most cases require. 


Table 10.— Depth of Space and Thickness of Tooth in Spur 
W iEDEELS, When Cut with These Cuiters 


Pitch 

of 

Cutter 

Depth to be 
cut in Gear 
Inches 

Thickness of 
Tooth at Pitch 
Line. Inches 

Pitch 

of 

Cutter 

Depth to be 
cut in Gear 
Inches 

Thickness of 
Tooth at Pitch 
Line. Inches 


r.726 

I. 2 S 7 

ii 

.196 

.143 

It 

I ‘438 


12 

.180 

.131 


1.233 

.898 

14 

.154 

.112 

2 

1.078 

.785 

16 

•13s 

.098 

2i 

• 9 S 8 

.697 

18 

.120 

.087 


.863 

.628 

20 

.108 

•079 

2 I 

.784 

•S 70 

22 

.098 

.071 

3 ; 

.719 

•523 

24 

.090 

.065 

si 

.616 

.448 

26 

.083 

.060 

4 

•539 

•393 

28 

.077 

•ogb 

S 

.431 

•314 

30 

.072 

.052 

6 

■359 

.262 

32 

.067 

.049 

7 

-308 

.224 

36 

.060 

.044 

8 

.270 

.190 

40 

.054 

•039 

9 

■■■ ' .240' 

•175 

48 

.045 

•033 

10 

.216 

•157 





To measure a gear cutter use the distance from the pitch line 
to the bottom of the space. Cutters for bevel gears are made 
approximately to the width of the space at the small end of the 
teeth where the face is one-third the apex. 

CORRECTIONS FOR LONG ADDENDUM SPUR GEARS 

If one of two meshing gears of standard design has less than 
thirty-two teeth, interference occurs unless the teeth are undercut. 
This becomes serious when twenty-five or fewer teeth are used. 
By applying the ‘Tong and short addendum^’ method of gear 
design, interference and undercutting are eliminated by lengthening 
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LONG ADDENDUM GEARS 

the addendum of the pinion teeth with a corresponding shortening 
of the gear- teeth addendum. The whole depth of the teeth and 
the center distance of the gears remain the same as in the standard 
design; however, if the center distance is not important it is only 
necessary to increase the addendum of the pinion teeth. Formulas 
have been developed in connection with this method of gear design 
which give the full correction for pinion and gear teeth addenda to 
eliminate completely both interference and undercutting. 

For gears with a small number of teeth, full correction may be 
undesirable because it gives too pointed a tooth. Half corrections 
are entirely practical, resulting in minimum undercutting and a 
tooth almost as strong as one fully corrected. This is especially 
true of very small gears. 

For this half correction, the amount the addendum of the pinion 
teeth must be lengthened, and the amount the gear-teeth addendum 
must be shortened if it be desired to retain exact center distance 
between the gears, can be obtained from the formula 

P.D. 

Correction — A — (sin 0 )^ 

where A is the normal addendum, P.D. is the pitch diameter, and 
is the pressure angle. 

For example, if 24 is the diametral pitch of a six-tooth pinion 
having a pressure angle of 14I degrees, a normal outside diameter 
of 0.3334 inch, and a normal addendum of 0.0417 inch, the correc- 
tion would be 

0.0417 — X 0.25038^ = 0.0338 inch 
2 

Thus the corrected pitch diameter will be 0.25 + 0.0338 = 0.2838 
in., arid the corrected outside diameter of the pinion will be 0.3334 
+ 0.0338 = 0.3672 inch. If it should be necessary to retain the 
center distance of the normal gears, this correction of 0.0338 inch 
would have to be subtracted from the normal pitch and outside gear 
diameters. 

Such corrections for spur gears with a i4|-degree pressure angle, 
five to twenty-five teeth, and 8 to 48 diametral pitch are given in 
the accompanying table. For gears having a diametral pitch other 
than those given in the table, the correction is obtained by dividing 
the constant in the second column by the diametral pitch given. 

These corrections for small spur gears give tooth shapes which 
have been found practical in the manufacture of precise instruments. 
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THE DIMENSIONS OF GEARS BY METRIC PITCH 

Module is the pitch diameter in millimeters divided by the number of 
teeth in the gear. 

Pitch diameter in millimeters is the module multiplied by the number of 
teeth in the gear. 

M «= module. 

D =» the pitch diameter of gear. 

D =“ the whole diameter of gear. 

N = the number of teeth in gear. 

J9" the working depth of teeth. 
t = thickness of teeth on pitch line. 

/ = amount added to depth for clearance. 



The module is equal to the part marked 5 in Pig. ii, measured in milli- 
meters and parts of millimeters. 

Example.— -Module = 3.50 millimeters 100 teeth. 

P.D. = 3,S X 100 ==> 350 millimeters. 

Whole diameter = (100 -f 2) X 3*5 = 357 millimeters. 


Table ii. — Pitches Commonly Used — Module in Millimeters 


Module 

Corresponding 

English 

Diametral Pitch 

Module 

Corresponding 

English 

Diametral Pitch 

1 mm. 

50.800 

4.5 mm. 

5-644 

i 

33-867 

5 

5.080 

, I 

25.400 

5-5 

4.618 

I.2S 

20.320 

6 

4.233 

1*5 

16.933 

7 

3*<528 

I-7S 

14.514 

8 

3*175 

2 

1 2.700 

9 

2.822 

2.25 

11.288 

10 

2.540 

2*5 

10.160 ; 

II 

2.309 

2-75 

9.236 

12 

2.117 

3 

8.466 

14 

1.814 

3*5 

7-257 

16 

1-587 

4 

6.350 




Measuring Spur Gears by the Use of Pins 

Spur-gear teeth may be accurately sized by placing pins or rolls 
between the teeth and measuring the distance over the pins with a 
micrometet. To avoid the necessity of calculating every measure- 
ment, the accompanying table (on page 256) has been worked out. 
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It will be noted that the same size of pin is used for the same pitch 
regardless of the number of teeth. 

The sizes given in the preceding table are for gears of i diametral 
pitch, and since gears of 5, 7, and 10 pitch are f and the size 
of one pitch, the size over pins will be 4 or ^ the size given 
in the table, provided a pin i, ^ or the size used in calculat- 
ing the table is used. The size of pin used for i pitch is 1.750 
inches; therefore, the size of pin to use for 5 pitch is 0.350 inch; for 
7 pitch, 0.250 inch; for 10 pitch, 0.175 inch, etc. 

As the number of teeth increases, the more nearly straight the 
teeth become. Between 10 and 12 teeth, in gears having 20-degree 
pressure angle, there is a difference of 2.000 parts of the pitch in the 
pitch diameter, whereas the difference over the pins in gears of 14 J- 
degree pressure angle is 2.021 parts of the pitch. Between 40 and 
42 teeth, there is again a difference in pitch diameter of 2.000, 
whereas the difference over the pins between gears of 20- and 
i4|-degree pressure angle is 2.004 parts of the pitch. Here the 
teethbecomestraightenough to jump from 42 to 52 teeth, then to 72, 
102, 142, leaving the missing numbers to be found by interpolation. 

To find size over pins, divide the figure in column under the 
pressure angle and opposite the number of teeth, by the pitch. 

Example. — ^Thirty-tooth, | pitch, 20-degree pressure angle: 
table gives 32.487 in 20-degree column for 30 teeth; divide this 

by pitch, which is 7*00; == 4.641 in diameter over pins. 

Sizes given are standard; no backlash allowed; tooth and tooth 
space are taken as equal. For pitches finer than i diametral pitch, 
divide the figure opposite the number of teeth, in the column corre- 
sponding to the pressure angle, by the pitch. To obtain the pin 
diameter, divide 1.750 inches by the pitch. 

Example. — Twenty-tooth, lo-pitch, 25-degree pressure angle: 

— — ^= 2.2468 = size over pins. 

The size for gears having numbers of teeth not shown, such as 
between 42 and 52; can be found readily by interpolation. When 
interpolating, care should be taken to use the upper half of the 
table if the teeth are even in number, and the lower half if the teeth 
are odd in number. Thus, the size of a 47-tooth gear would be 
found between 43 and S3, not between 42 and 52. 

For numbers of teeth greater than 142 and 143, a close approxi- 
mation can be found readily by adding two for every two teeth 
greater, to the figures for 142, if even, and for 143, if odd. For’ a 
pressure angle falling between those given in Table 12 a close 
approximation can be obtained by interpolation. The greatest 
difference is between 27! and 30 degrees for an 8-tooth gear, and 
this is only 0.019 inch. If the figure for 27|-degree pressure angle 
had been used on a 30-degree pressure angle for a lo-pitch gear, the 
error would be 0.0019. Assuming a pressure angle of 29 degrees 
and adding f of 0.019 to the figure for 27I degrees, the result is 
10.442. Actual calculation gives 10.443, an error of only 0.001 for 
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a i-dianietral-pitch gear, or o.oooi for a lo-diametral-pitch gear. 
When it is considered that these errors are in diameter and that the 
errors in tooth thickness are approximately half again as large, these 
figures will be seen to have sufficient accuracy. Two wires are used 
for both odi and even- toothed gears. 

A Table for Dimensions for Miter Gears 

The table on page 260 is of service in determining the principal 
dimensions of miter gears (center angle 45 degrees), the number of 
teeth and the pitch being known. The table covers most of the 
possible number of teeth from 1 2 to 60, inclusive, and pitches from 
2 to 10, inclusive, omitting 9. Values for face and cut angles corre- 
spond with designations in Fig. 12, 

BEVEL GEARS 

Bevel gears are used to transmit power when shafts are not par- 
allel. They can be made for any angle but are most often at right 
angles. Right-angle bevel gears having the same number of teeth 



Fig. 12.— Conventional Bevel Gear Nomenclature. See Remarks 
under Face Angles (p. 266a) and Gage Angle, (p. 2666). 

are often called ^ (miter ” gears. The teeth are, or should be, radial 
so that they are larger at the outer end. The names of parts are 
shown in Fig. 12. These should be noted carefully, particularly 
the face angles. The earlier editions measured /ace at right 
angles to the axis, but this is now changed as shown. 
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Laying Out Bevel-Gear Blanks 

In laying out bevel gears, first decide upon the pitch, and draw 
the center lines and CC, intersecting at right angles at A as 
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shown in Fig. 13. Then draw the lines DD to EE the same distance 
each side of BB and parallel to it; the distance from DD to EE 
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being as many eighths of an inch— if it be 8 pitch— -as there are to 
be teeth in the gear. In the example, the number of teeth is 24; 
therefore, the distance from. DD to EE will be or if inches each 
side .of BB. KK and LL are similarly drawn, but there being 
only 16 teeth in the small gear, the distance from KK to ZX will 
be or I inch each side of CC, Then through the intersections 
of DB and ZZ, EE and LL, and EE and KK, draw the diagonals 
BA. These are the pitch lines. Through the same point draw 
lines as GG at right angles to the pitch lines, forming the backs of 
the teeth. On these lines lay off J inch each side of the pitch lines, 
and draw MA and iVA, forming the faces and bottoms of the teeth. 
The lines HE are drawn parallel to GG, the distance between them 
being the width of the face. 



Fig. 13.— Laying Out Bevel Gears 

The face of the larger gear should be turned to the lines MA, and 
the small gear to NA, For other pitches, the same rules apply. 
If 4 pitch, use fourths, instead of eighths; if 3 pitch, thirds, etc. 

Bevel bears should always be turned to the exact diameters and 
angles of the drawings and the teeth cut at the correct angle. 

Proportions of Miter and Bevel Gears 

To find the pitch or center angle: 

Divide the number of teeth in the gear by the number of teeth in 
the pinion. This gives the tangent of the pitch angle of the gear. 
Or divide the number of teeth in the pinion by the teeth in the gear, 
and get the tangent of the pitch angle of the pinion. Subtracting 
either pitch angle from 90 gives the pitch angle of the other. 

To find the outside diameter: 

Multiply the cosine of the pitch angle by twice the addendum, 
and add the pitch diameter. 
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To find the outside cone radius or apex distance: 

Multiply the secant of the pitch angle of the pinion by one-half 
the pitch diameter of the gear. 

Another useful rule is: 

The apex distance of a bevel gear or pinion equals its pitch 
diameter divided by twice the size of its pitch angle or apex distance 
__ pitch diameter 

2 sine of pitch angle 
To find the face and cutting angles: 

Divide the addendum by the outside cone radius or apex distance. 
This gives the tangent of the addendum or outside angle. Subtract 
this angle from the pitch angle of the pinion to obtain the cutting 
angle of the pinion and the face angle of the gear. Subtract the 
same addendum angle from the center angle of the gear to obtain 
the cutting angle of the gear and the face angle of the pinion. This 
gives a uniform clearance and is especially for use with rotary 
cutters. 

To find height of addendum at small end of tooth: 

Divide the addendum at the large end of the tooth by the outside 
cone radius. This gives the decrease in height of the addendum for 
each inch of gear face. Multiply this by the length of the gear face, 
and subtract the result from the addendum of the large end of the 
tooth. The difference is the height of the addendum at the small 
end of the tooth. 

Cutters for Bevel Gears 

Lay out the bevel gears and draw lines A and B at right angles 
to the center angle line. Extend this to the center lines, and meas- 
ure A and B, The distance A — the radius of a spur gear of the 
same pitch, and finding the number of teeth in such a gear, we have 
the right cutter for the bevel gear in question. If the gears are 
8 pitch and the distance A = 4 inches, multiply these together and 
by 2 to get the diameter. Then 2 X 4 X 8 = 64 teeth, so that a 
No. 2 cutter is the one to use. For the pinion, if B = 2 inches, then 
2 X 2 X 8 = 32, or a No. 4 cutter is the one to use. 

Setting Cutter Out of Center 

The cutter can be no thicker than the space at the small end of 
the teeth, so it is necessary to set it out of center and rotate the 
blank to make the space right at the large end of the teeth. The 
amount of this setover can be found by the following rule and table 
of the Brown & Sharpe Mfg. Co, 

Divide distance A, Fig. 14, by the width of the face. Find the 
factor in the table for this ratio and the cutter to be used. Divide 
this factor by the diametral pitch, and subtract the quotient from 
half the thickness of the cutter at the pitch line. As a formula 
this is: 






BEVEL GEARS 


263 


Setover — 


Tc factor in table 


2 P 

Tc = thickness of cutter used at pitch line. 

P =* diametral pitch of gear to be cut. 

Example.— -To cut a bevel gear of 24 teeth, 6 pitch, 30-degree 
pitch cone angle and i J-inch face. Divide the number of teeth by 
the cosine of the center angle CG, Fig. 14, which is 0.866. As 
24 0,866 is 27 +, we select a No. 4 cutter. The apex distance 

is 4 inches, and dividing this by the face, li inches = 3.2:1. The 
second column of the table contains this ratio, and opposite No. 4 
cutter is 0.280, Because the face of this gear is about one-third the 
apex and the cutter must be thin enough for the inner end, we use 
a cutter for 9 pitch, which is 0.1745 inch thick at the pitch line, in 
Table 14. The setover then is 


0.280 


= 0.0406 inch. 


First set cutter central with index head. Set head to proper cut- 
ting angle. Set dial on cross-feed to zero. Index and cut two or 
three grooves to depth. Set cutter out of center 0.04 inch, and note 



adjustment on cross-feed dial. Rotate gear in opposite direction to 
setover until the side of the cutter nearest the center line cuts the 
entire surface of teeth. Reverse this for the other side, and measure 
teeth at both ends. If teeth at large end are too thick when the 
srriall end is correct, increase the setover. If the small end is too 
thick when the large end is right, decrease the setover. Adjust 
accordingly. 

Take a pair of bevel gears 24 and 72 teeth, 8 diametral pitch. 
Divide the pinion by the gear: 24 4- 72 — 0.3333. This is the 
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Table i 4 .~ 0 btained Setovee eoe Cutter Bevel Geabs 
Ratio of Apex Distance, Width of Face = 4 ^^ 

X* 3,CG 


■ ' V. 
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tangent of the center angle of pinion. Look in the seven columns 
under center angles for the nearest number to this. The nearest is 
0.334.6 in the center column, as all these are decimals to four places. 
Follow this out to the left and find 18 in the center-angle column. 
As the 0.3346 is in the column marked 0.50, the center angle of the 
pinion is 18.50 degrees. Looking to the right under center angles 
for gears, find 71, and add the 0.50, making the gear angle 71.50 
degrees. Thus: 

Center angle of pinion 18.5 degrees. 

Center angle of gear 71.5 degrees. 

In the first column opposite 18 is 36. Divide this by the number 
of teeth in the pinion, 24, and get 1.5 degrees. This is the angle 
increase for this pair of gears and is the amount to be added to the 
center angle to get the face angle and to be deducted to get the cut 
angles. This gives: 

Pinion center angle 18.5 -f i.S == 20 degrees face angle. 

Pinion center angle 18.5 — 1.5 = 17 degrees cut angle. 

Gear center angle 71.5 + i-5 = 73 degrees face angle. 

Gear center angle 71.5 — 1.5 — 70 degrees cut angle. 

For the outside diameter, go to the column of diameter increase, 
and in line with 18 find 1.90. Divide this by the pitch, 8, and get 
0.237, which is the diameter increase for the pinion. Follow the 
same line to the right, and find 0.65 for the gear increase. Divide 
this by the pitch; 0.8, and get 0.081 for gear increase. This gives: 

Pinion, 24 teeth, 8 pitch ~ 3 inches -f- 0.237 = 3.237 inches out- 
side diameter. 

Gear, 72 teeth, 8 pitch = 9 inches + 0.081 = 9.081 inches out- 
side diameter. 

To Select THE ^ ^ 

Another way of selecting the cutter is to divide the number of 
teeth in the gear by the cosine of the center angle C, and the answer 
is the number of teeth in a spur gear from which to select the cutter. 
For the pinion, the process is the same, except that the number of 
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Table 15. — Bevel Geaks 

Shaet Angles 90 Degrees 
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teeth in the pinion is divided by the sine of the center angle. The 
formula is: 


tan CG = 


NG 

NF 


-.Ci..® 


Number of teeth to use in selecting cutter for gear 


Number of teeth to use in selecting cutter for pinion = — 


NG 

cos CG 
NF 


sin CG 


Any pair of gears can be figured out in the same way, bearing in 
mind, when finding the center angle for the gear, to read the parts 
of a degree from the decimals at the bottom, and for the pinion, to 
read them from the top. In the example worked out, the tangent 
came in the center column so that it made no difference. If, how- 
ever, the tangent had been 0.3476, we read the pinion angle at the 
top, 19.17 degrees, and the gear angle at the bottom, 70.83. By 
noting that the sum of the two angles is 90 degrees, we can be sure 
we are right. See page 254 for gear-tooth cutters. 


Planing Bevel Gears 

Few bevel gears are now cut by milling except in small job shops 
or in experimental work. Bevel gear teeth are now generated by 
bevel gear planers of the Gleason or Bilgram type, with tools which 
move toward the center of the cone made by the tooth angle. This 
method automatically varies the width of the tooth and the space 
without the “set over’’ necessary when the teeth are milled. The 
following data, by courtesy of the Gleason Works, show modern 
bevel gear cutting practice. 


GLEASON STRAIGHT BEVEL GEAR SYSTEM 
The Gleason Straight Bevel Gear System provides a basis for 
designing straight bevel gears with the most desirable tooth forms 
for practical operating conditions. It was originally presented to 
the American Gear Manufacturers Association in April, 1922, by 
F. E. McMullen and T. M. Durkan of the Gleason Works, and was 
adopted by the A. G.M. A. later the same year. 

It was revised in 1940, and the revision was adopted by the 
A.G.M.A. in May, 1941. The principal purpose of the revision 
was to eliminate undercut in all cases and to increase the clearance 
at the inner ends of the teeth. 


General Features 

Ratios. — The system is designed to include all ratios in common 
use. Ratios outside the system can, of course, be designed accord- 
ing to the same general principles used in determining the system. 

.WorldngDeptli.---The working depth is ^ l^ch^s ^ 

Clearance. — The clearance at the large end of the teeth is 
- for teeth up to 20 D, P. and ^ for 20 D. P. and finer. 
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Pressure Angle.-— The basic pressure angle is 14I degrees. Cer- 
tain advantages are generally associated with low pressure angle, 
such as: 

(1) larger contact ratio (that is, greater arc of action) 

(2) less effect of eccentricity 

(3) smaller radial and axial thrust loads 

These advantages are obtained in ratios with sufl&ciently large 
numbers of teeth. In certain ratios with small numbers of teeth 
in the pinion, however, a low pressure angle, together with standard 
depths, is accompanied by undercut, which decreases the tooth 
contact and the strength. In the original system a slight amount 
of undercut was allowed. In the case of ratios where a pressure 
angle of 14I degrees would result in excessive undercut, however, 
pressure angles of lyj or 20 degrees were specified. 

In the revised system, undercut is eliminated in cases by 
extending the range of ratios for which pressure angles of lyf and 
20 degrees are used. 

Addendums. — As in the original system, long and short adden- 
dums have been adopted for all ratios except those with equal num- 
bers of teeth. A long-addendum pinion and a short-addendum gear 
have more action in excess than in approach (with pinion driving), 
have stronger pinion teeth, and can have a lower pressure angle 
without undercut. 

Face Angies 

Face angles in the original system made the apex of the face cone 
coincide with the apex of the pitch cone, as shown in Fig. 12. 
Before the revision this was always the practice in gear design. In 
the revised system, however, face angles are changed to make the 
face cone of a blank parallel to the root cone of its mate as shown in 
Fig. 14a. This results in constant clearance along the tooth and is 



Fig. 14a. — According to the Revised System as Shown in the 
; Above Axial Section, Face Cones of Blanks Are Turned Parallel to 
the Root Cone of the Mate in Order to Eliminate Possible Fillet 
Interference at the Small Ends of the Teeth. 

; done so that larger edge radii can be used on generating tools with- 
; out fillet interference at the small ends of the teeth. It is well 

1 known that with a larger fillet at the base of a tooth, stress concen- 
tration is reduced and there is a corresponding increase in strength. 

Tooth Thicknesses.-— The system is designed to provide gear and 
pinion teeth of approximately equal strength. 
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In determining tooth thickness to balance the strength of gear 
and pinion teeth, the load is taken in the position where it is carried 
entirely on one tooth. 


enturies, 




Table 15a. — ^W orking Depth aistd Whole Depth 


ion runs \ 
)r officers 


-Pressure Angle ^ 


1 All ratios for aircraft and instrament gears. 


14I Degree Pressure 
Angle, Ratios with 27 
or More Teeth in Pinion 

17 i Degree Pressure 
Angle, Ratios 

20 Degree Pressure 
Angle, Ratios 


■ 1 

if to |- 1 

B to if 

|-J and higher 

1 

if to 11 

ll to || 

1 1 and higher 


II to If- 

If to 
ft to frk 

11 and higher 

1 

1 

If to ^ 



If to 

If to 


j 

II to 

II to 

if to tV% 



ti to M 
to 




Large and Medium 

Fine Pitches, 


Pitches, up to 20 D. P. 

20 D. P. and Finer 

Working Depth 

2.000 

dTr 

2.000 

dTp. 

Whole Depth 

2.188 

D. P. 

2.250 

D. P. 


;* 

f 

I 
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Table Gear Addendum^ eor i Diametral Pitch 


Ratios 

Ratios 

Ratios 

A 44 

Ratios 

Add 

From! 

To 

From 

To 

From 

To 

From 

To 


1 , 00 

1. 00 1 .000 

I. IS 

1 . 17 0. 880 

1.42 

1.4s 0.760 

2.06 

2.16 

0.640 

1. 00 

1,02 0.990 

1. 17 

1 . 19 0.870 

1.45 

1.480.750 

2.16 

2.27 

0.630 

1.02 

1.03 0.980 

1. 19 

I . 21 0.860 

1 .48 

1.52 0.740 

2.27 

2.41 

0.620 

1.03 

1.04 0.970 

1 . 21 

1.23 0.850 

1.52 

1.56 0.730 

2.41 

2.58 

0.610 

1.04 

1.05 0.960 

1.23 

I . 25 0. 840 

1.56 

1.60 0.720 

2.58 

2.78 

0 . 600 

1 . 05 

1.06 0.950 

1.25 

I . 27 0, 830 

1.60 

1.65 0.710 

2.78 

3.0s 

0.590 

1.06 

1.080. 940 

1 .27 

I . 29 0. 820 

1. 6s 

1.70 0.700 

3.0s 

3.41 

0.580 

1.08 

1.09 0.930 

1 . 29 

1.31 0.810 

1.70 

1.76 0.690 

3.41 

3.94 

0.570 

1.09 

1. 11 0.920 

1. 31 

1.33 0.800 

1.76 

1.82 0.680 

3.94 

4. 82 

0.560 

I. II 

1. 12 0.910 

1.33 

I .36 0.790 

1 . 82 

1.89 0.670 

4,82 

6.81 

O. 5 S 0 

1 .12 

1. 14 0,900 

1.36 

1 .39 0. 780 

1.89 

1,97 0.660 

6.81 

so 

0.540 

1.14 i 

I. IS 0.890 

1.39 

1 .42 0. 770 

1.97 

2.06 0.650 





1 To obtain addendum, select from table value corresponding to ratio given 
by tHe formula: 


Number of teeth in gear 
~ Number of teeth in pinion 

In case of choice, use the larger addendum. 


Table isc?. — Circular Thickness of Gear 


Pressure 

Angle 


Circular Thickness of Gear 


I.07I 


K (Table 15 c) 

142 

D. P. 


D, P 


0.971 


X (Table is«) 

1/2 

D. P, 


D. P. 

20® 

0.871 

D. P. 

+ (0.7 X addendum of gear) — 

K (Table ise) 
D. P. 


Table 15^. — Recommended Backlash for Gears Assembled 
Ready to Run 
D.P. i Backslash 

1 0.020 to 0.030 

2 0.012 to 0.016 

3 0.008 to o.oii 

4 0,006 to 0.008 

6 0.004 to 0,006 

10 0,002 to 0.004 

20 and finer 0.001 to 0.003 

1 Backlash for pitches other than those listed may be obtained by inter- 
polation. 
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1 Select value according to ratio and number of teeth in pinion. 
In case of choice, use smaller value. 
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CALCULATIONS FOR STRAIGHT BEVEL GEAR DIMENSIONS 

The linear dimensions given in the tables are for i diametral 
pitch. Linear dimensions for other pitches are obtained by dividing 
by the given D. P. Angular dimensions remain the same for all 
pitches. 

To facilitate calculating the dimensions of straight bevel gears, 
formulas and calculations should be recorded on a form sheet such 
as shown in Table i5g, page 266/. The example calculated on the 
form sheet is for a pair of right-angle bevel gears, 16 X 49 com- 
bination, 5 D. P. 

Remarks referring to certain of the calculations by number are 
given below. Figures 12 and 14c show, respectively, axiaL and 
transverse sections of a pair of bevel gears with the nomenclature 
and symbols used on the dimension sheet. 

The following numbers refer to calculations on the form sheet: 

4. Face Width. — It is strongly recommended that the face 
width of bevel gears should not exceed one-third of the cone dis- 
tance. In best design, the ratio of face width to cone distance will 
be from 0.25 to 0.3. Increasing the face width over recommended 
proportions by adding to the small ends of the teeth theoretically 
adds strength and durability, but at a rapidly diminishing rate. 
Such practice results in manufacturing difficulties by requiring 
tools of less point width and decreases possible fillet radii. It may 
even increase the danger of breakage and wear if the load becomes 
concentrated on the small ends of the teeth. 

6. Whole Depth. — It is recommended that gears of 10 D. P. and 
coarser be roughed 0.005 i^Lcli deeper than the calculated whole 
depth so that finishing tools will not cut on their ends. The cal- 
culated whole depth is, of course, used in subsequent calculations. 

I ^ 17. Gage Angle. — The “face angle gage’’ frequently employed 
in checking cone distance in generating machines requires setting 
the machine to the conventional face angle which corresponds to 
the addendum at the outer ends of teeth. The old, conventional 
face angle is therefore recorded as the “gage angle” for this pur- 
pose. If there are any who prefer to continue the previous prac- 
tice in designing bevel gear blanks, this gage angle may be used as 
the face angle. 

22. BacMash.^ — Table 15^ gives the backlash when the gear and 
pinion are finished and assembled ready to run. Because of manu- 
facturing tolerances and changes caused by heat treatment it may 
be necessary in cutting the teeth to allow for more than one-half 
the tabular value in order to obtain the desired backlash in assembly. 

25. Tooth Angle.— The tooth angle is a machine setting in 
Gleason two-tool straight bevel gear generators. As shown in 

I Fig. 14&, it is the angle at the machine center between the line to 

I the center of the tooth and the line to the point of the tool. 

26. Limit Point Width. — The limit point width is the point 
width of a straight-sided V tool of given pressure angle which will 
touch both sides and the bottom of a finished tooth space at the 
small end. The point width of the tools used must, of course, not 
be larger than the limit point width. 



Table 155. — Straight Bevel Gear Dimensions 
(D imensions in inches) 
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Machine axis 



Fig. 14&. — The Tooth Angle Is the Angle at the Machine Center 
between the Line to the Center of the Tooth and the Line to the 
Point of the Tool. 


Tooth filfei 



Fig. 14c. — Bevel Gear Nomenclature and Symbols. 


FORM SHEET DATA FOR ANGULAR STRAIGHT BEVEL 
GEARS 

Angular bevel gears are bevel gears whose shafts operate at angles 
other than 90 degrees. The formulas in Table isg are not directly 
applicable in calculating the dimensions of angular gears. There- s 
fore, a summary of procedure for angular gears is outlined below in 
order of calculation, with the item numbers referring to the items 
in Table isg. ^ 

Using item numbers i, 2, 3, 4, which are given, calculate items 5, 

6, 8, 10, 13 from the formulas given. 

14. Pitch Angles.— 'Case I — Shaft Angle (S) less than 90 degrees. 
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tan r = ' 


sin S 


tan 7 


sin 2; 


N 


+ cos 2) 


N 


+• cos S 


Case II — Shaft Angle (S) greater than 90 degrees. The formulas 
given below will apply only if the pitch angle F is less than 90 degrees. 
If r is greater than 90 degrees (internal gear) calculations should be 
referred to the Gleason Works. 


tan r = 


sin (180® — S) 


n 

w ■ 


tan 7 


cos (180° — S) 
sin (180® — 2J) 


N 


2 ) 


— cos (i8o‘ 

ru 

In either case above 

S (shaft angle) == F -h 7 
9. . . . Formulas same as given. 

II. Determination of the tooth, proportions necessitates comput- 
ing the equivalent 90® bevel gear ratio. 


Equivalent 90® ratio 




= V; 


iV’ cos 7 
n cos F 


= tan Fgo 


The value so computed should be used as the ratio when deter- 
mining the gear addendum for i diametral pitch in Table 

II, 12. . . . Formulas same as given. (See explanation in pre- 
ceding paragraph for item ii.) 

15, 16, 17, 18, 19. . . . Formulas same as given. , 

20, Cone Center to Crown 

Pinion — .do cos 7 — ixp sin 7 
Gear = Ao cos F — a(? sin F 

7. Pressure Angle. — The pressure angle for angular gears should 
not be taken from Table 15^. The calculated minimum pressure 
angle (<i>0 is given by the formula : 


sin 




bp 


A o tan 7 


The selected pressure angle ^ in item 7 should be made equal to 
or greater than Use either of the standard angles — 14 degrees 
30 minutes, 17 degrees 30 minutes, or 20 degrees. When is 
greater than 20 degrees, the job requires special consideration, 

21. . . . Formula same as given. However, th.^ value of^K in 
Table 1 must be determined using the number of teeth in the 
equivalent 90 degree bevel pinion and the equivalent 90 degree 
bevel ratio. The latter is computed above (item ii). 
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Number of teeth in equivalent 90 degree bevel pinion 


cos 7 

(tan Too = equivalent 90° ratio) 

22, 23, 24, 25, 26. , . . Formulas same as given. 

Angular gears require special ratio of roll gears for generating on 
the Gleason generators. The decimal ratio for the ratio gears is 
found by the following formula: 

Decimal ratio of gears = — 

37.S 

The work roll is found in the usual manner from the decimal ratio. 

THE HOBBING METHOD OF CUTTING GEAR TEETHi 

Hobbing is a machine process for generating gear teeth. All 
methods of cutting gear teeth fall into either one of two general 
classes— the forming method or the generating method. In the 
forming method, the tool is given a shape matching that of the 

D/recffonof 

hob feed ‘ 


Spur blank 




Index worm andgear UiJlllJlllJ 

Pulley 

Fig. I Gearing in Hobbing Machine 

desired tooth space; in the generating method, the tool has a shape 
conjugate to the form of the tooth when rolled in contact with it and 
frequently can be substantially straight, as in hobbing. 

The cutter in the hobbing process is called a ‘^hob.’^ The nature 
of a hob may be best understood by comparing it with a worm as 
shown in Fig. 15. In making a hob, a cylindrical blank is first 
turned and bored, then the helical thread resembling a worm thread 
is milled; in this state the hob is actually a worm. The cutting 
teeth are produced by milling gashes across the thread, either paral- 
lel to the hob axis or at right angles to the thread. The sides and 
tops of the individual hob teeth are relieved to provide cutting 

1 By Granger Davenport, Assistant Engineer, Gould and Eberhardt, 
Irvin^on, N.J. 
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clearances similar to milling cutters. After the hardening opera- 
tion, the hole, proof diameters, and the sides and tops of the teeth 
are aU ground. The hob is sharpened by grinding the ga;shes. 

A hob and blank being cut may be likened to a worm and worm 
gear in mesh as in Fig. 15. Hobbing is a continuous milling process 
in which the hob and blank both rotate in timed relation to each 
other. In addition to the rotary motion, the hob and gear blank 
are fed relatively to each other to produce the spur, helical, or worm 
gear. In the hobbing process the cutting action is continuous in 
one direction until the blank is finished. Modem hobbing machines 
have a high degree of accuracy built in that can be maintained over 
a long period of years by adjusting means incorporated therein. 
Hobbing is, therefore, widely used for cutting precision gears 
at a high rate of production. 

Rcvck or hob Hob teeth 

"-x 


Gear 


Fig. 16. — How Teeth Are Generated 

The hob for spur or helical gears is provided with a tooth form 
identical with that of an involute helical gear having only one tooth. 
This tooth form is theoretically curved to mesh properly with the 
curved involutes generated on the blank. However, the hob form 
so nearly approaches a straight-line rack-tooth shape that the 
difference is extremely slight. This is a fundamental advantage 
of the hobbing process, because hob teeth being straight-sided, or 
nearly so, are readily made to a very high degree of accuracy and 
are easily measured, as compared to curved cutter teeth used in 
some methods of gear cutting. 

Sections through a hob and gear blank at right angles to a pair of 
teeth in contact are represented in Fig. 16. The teeth in the hob 
section actually form the path of an ellipse, but, practically speaking, 
they are equivalent to a rack, because the degree of curvature of the 
ellipse within the arc of tooth contact is almost nil. 

Figure 16 also illustrates how successive hob teeth coming into 
contact with each tooth in the blank, generate gear teeth of involute 
form. Hobbing is not limited to the involute form, although for 
spur and helical gears this form is used almost exclusively at the 
present time. In the involute system a straight-sided rack will 
mesh properly with a gear or pinion regardless of the number of 
teeth. Consequently, one hob can be used to generate gears of any 
number of teeth, all of which will mesh properly with each other 
and with a rack. 
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Angular Setting of the Hob 

The axis of the hob for cutting spur gears is tilted according to the 
hob thread angle to have the hob teeth in line with the teeth of 
the blank, as in Fig. 17. In cutting helical gears, the hob is tilted 
an additional amount so that the teeth coincide with the inclination 
of the teeth being produced on the blank, also illustrated in Fig. 17. 
In this case the angle of tilt equals the helix angle of the gear minus 
the thread angle of the hob, when both are of the same hand. 
When they are of opposite hands, the angle of tilt is the sum of 
the two angles. 

A slight variation in setting the hob angle of tilt affects neither 
the tooth form nor the helix angle. An angular error of as much as 
several minutes can be tolerated with no noticeable effect on the 
product other than slightly thinner teeth and increased backlash. 
This is an inherent advantage of the bobbing method. 

The Gearing in a Hobbing Machine 

The arrangement of a hobbing machine may be readily under- 
stood by referring to the simplified gearing diagram shown in Fig. 



Fig. 17.— Angular Setting for Hobbing 


1$. The^ driving pulley uniformly rotates the blank through a 
master dividing worm and gear, commonly termed the index” 
worm and gear. The four bevel gears connected to the same pulley j 

shaft rotate the hob at a definite relative speed. Thus the hob and | 

blank are synchronized through gearing. As the hob is fed down- 
ward, parallel to the axis of the blank, by a feed screw (not shown) , 
one bevel gear slides along the vertical splined shaft. | 

Ordinarily, a machine simplified to the extent shown is obviously 
impractical unless limited to one number of teeth. By introducing I 
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change gears in the drive to the index worm, the relative ratio of 
rotation between the blank and hob may be changed to cut any 
number of teeth desired. To cut spur and helical gears of various 
pitches, additional mechanism must be introduced in the hob drive 
to permit tilting to the required angle. A feed screw and related 
mechanism driven from the index worm shaft feed the hob at a 
definite rate with respect to the rotation of the blank. Suitable 
change gearing is employed to vary the feed. 

The hob speed is changed to suit the cutting conditions by vary- 
ing the speed of the main drive shaft. This also is accomplished 
by change gears, which, in this case, alter the speed of the entire 
mechanism proportionately. For instance, if the speed of the hob 
is doubled, it is obvious from Fig. 15 that the speeds of the blank 
and feed are increased to the same extent and the production is 
doubled. 

Hobbing Spur Gears 

The first step in the preparation for cutting a gear is to mount a 
fixture on the work table or spindle. Second, a blank is accurately 
clamped to the fixture and indicated for running true. The hob is 
then clamped upon its arbor and tilted to the correct angle. Next, 
the proper change gears are selected and placed upon the machine 
according to the number of teeth to be cut and for the hob speed and 
feed required. 

The ratio of the index change gears depends upon the total ratio 
of the index and cutter gear trains. For example, if the machine 

ratio is 30, then the index formula is in which JSf equals the 

number to be cut and T equals the number of threads in the hob. 
Usually a chart is provided showing index change-gear combinations 
for a selected range of teeth. In other cases, the formula is applied 
by substituting values for iV and F, and splitting the result into two 
fractions suitable for change gears. The calculations must be exact. 

Next the feed change gears are selected from the chart or cal- 
culated by the feed formula. These change gears may be approxi- 
mate. In a similar manner, the hob-speed change gears are 
selected from the chart. 

The machine is then started and the feed engaged. After the hob 
has fed across the face of the gear, the cutting is completed and the 
gear is removed or the hob is returned to its initial position for a 
finishing cut. 

Hobbing Helical Gears— Non -Differential Method 

In hobbing helical gears non-differentially, the same fundamental 
type of machine described for spur gears is used. 

In this method the index and feed change gearing are so calculated 
that the blank and cutter are advanced or retarded slightly with 
respect to each other to produce the helix angle. The increase or 
decrease in relative rotation must be definitely correlated with the 
feed selected. Consequently, in both the index and feed formulas 
a factor, in the form of a constant, is introduced. The calculation 
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of this constant may be very approximate, as long as the same value 
IS used in both index and feed formulas. The index change gearing 
must be exact, as in spur-gear cutting, whereas the feed change-gear 
calculations should be carried to the fourth or fifth decimal place 
depending^ upon how close it is desired to approximate the theo- 
retical helix angle. It is unnecessary to describe this method fur- 
ther because instructions are furnished with each bobbing machine 
and should be consulted for details. 



Fig. I S.— Diagram of Hobbing Machine Layout 


Hobbing Helical Gears — ^Differential Method 

In the differential method, additional mechanism is required to 
obtain the increase or decrease of the relative rotation of the hob 
and blank to produce the heHx angle. This mechanism usually 
comprises a bevel-gear type of differential connected to affect the 
rotation of the blank and correlated to the feed motion through an 
extra set of change gears for the lead. The differential functions 
by imparting a supplemental motion to the existing direct drive 
to the work table. 

^ A schematic diagram of a hobbing machine, including a differen- 
tial and lead gears, is shown in Fig. 18. The differential and lead 
gears are shown in dotted lines to indicate the mechanism added to a 
non-differential machine for cutting helical gears by the differential 
method. The power originating at the motor passes through speed 
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change gears and branches to the hob and work spindles. The 
itTerential and index change gears are located in the branch drive 
to the work spindle. A branch to the feed screw is taken ofi 
between the index change gears and work spindle. The feed change 
gears are provided in this branch line, and drive both the feed screw 
and the differential. The lead change gears are located in the drive 
to the differential. 

In the differential method the index change gears are selected 
from a chart, the same as for spur gears. The feed change gears 
are also selected directly from a chart. The rate of feed can be 
changed at will without affecting the index or lead gearing, resulting 
in a greater flexibility in this respect than the non-differential 
method. The lead change gears connecting the feed to the differ- 
ential determine the helix angle. Therefore, the lead change-gear 
calculations must be correct to the same degree of accuracy as for 
feed change gears in non-differential bobbing in order to approximate 
the theoretical helix angle. 

Differential versus Non -Differential Hobbing 

When a helical gear is cut differentially and a second cut is 
required, it is merely necessary to disconnect the feed, move the 
cutter slide to the initial position, and proceed with the recut. In 
other words, the relation of the hob to the teeth of the blank being 
cut is always automatically maintained, as when recutting a spur 
gear. 

On the other hand, if a gear has been cut non-differentially and 
the feed is disconnected for the purpose of returning the slide to the 
initial position, the lead relation of the hob teeth to the blank 
teeth is destroyed, making it necessary to reset the cutter and blank 
very carefully to have the second cut clean up evenly on both sides. 
If &ere is a reasonable amount of stock left on the teeth for the 
finishing cut, this operation is comparatively simple. But if the 
finishing cut is to remove very little stock, the proper setting of 
the cutter becomes quite difficult. Various devices are employed 
to aid in resetting the hob for the second cut on non-differential 
machines. One is a clutch arranged to temporarily disengage the 
feed-screw drive until the hob teeth are seen to track exactly in 
the gear-tooth spaces. Another comprises a clutch in the index- 
worm drive and a set of three pointers and zero marks, enabling the 
work table, cutter spindle, and cutter slide, to be returned to their 
initial zero positions for the recut. However, none of these methods 
is as reliable as the differential method for very light recuts. Thus, 
it is evident that while a differential complicates the mechanism, it 
is valuable if helical gears are to be hobbed in more than one cut. 

There are still other advantages of the differential method. For 
instance, if mating gears are to be cut on the same machine or with 
the same lead change gearing, a considerable departure from the 
theoretical helix angle may be tolerated. Under these circum- 
stances the change-gear calculations need not be carried out to the 
high degree of accuracy required for non-differential hobbing of 
helical gears. However, if pinion and gear are cut on different 
machines with unlike lead formulas, tliese approximate calculations 
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wiU not suffice, and the same accuracy is required as for non-differ 
ential feed gear calculations. 

The non-differential machine is simpler and less expensive than 
one equipped with a differential. This is an important considera- 
tion for mass-production shops. 

Other advantages of the non-differential method are for certain 
combinations of pitch and helix angle beyond the range of a differ- 
ential Machine and for helical gears with large prime numbers of 
teeth. In special cases, it is possible to cut non-differentially and to 
engage the differential only while returning the slide for the recut 
thus maintaining the lead relation. ’ 

_ In general, to obtain the benefits of both differential and non- 
differential hobbing, the machine should be equipped with a differ- 
ential, which may be locked or disengaged when not needed. 

Hobs for Spur and Helical Gears 

The same hob used for spur gears is suitable for cutting helical 
gears of either hand and of any helix angle. If the helix angle is 
more than 10 or 12 degrees and the quantity of helical gears to be 
cut is large, it will be found advantageous to use two hobs, the hand 
of each corresponding to the hand of the gear being cut. When 
the helix angle is more than 20 or 25 degrees, it is preferable to taper 
the hob to relieve the load on the end teeth. 

For smaff lots, lie same hob is used for both roughing and 
finishing. For medium or large lots, it is more economical to rough 
mth an unground or rough-ground hob and to finish with a ground 
hob. A ground hob is one having the sides and tops of its teeth 
ground after" hardening. Under no circumstances should unground 
hobs be used for finishing either spur or helical gears, because the 
inaccuracies resulting from hob distortion in heat-treatment will 
seriously affect the tooth forms of the gears. 

Unless otherwise specified, finishing hobs are given a slight modi- 
fication in form for producing tip relief on the gear teeth This 
eases the gears into mesh and helps to quiet the gears during their 
imtial running-in period. 

One of the most important factors in the use of hobs is proper 
sharpemng.^ In sharpening, it is essential to mount the hobs on 
arbors runmng exactly true, to maintain exact spacing of the gashes 
and to maintain thefaces of the teeth exactly radial or to the originai 
nook angle. If hobs are properly sharpened, their initial accuracy 
ot lead and form will remain throughout their life. 

In mounting hobs on the hobbing machine, they must run true 
within 0.00025 inch (a quarter of a thousandth) indicator reading 
resffit otherwise inaccurate tooth forms and noisy gears will 

The cutting action of a hob is distributed over many teeth, pro- 
^^omg a large number of tooth inches before sharpening is required. 
When a hob shows signs of becoming dull, it should be shifted 
anally about one hnear pitch to utilize sharp teeth in a new zone: 
this should be repeated until the entire hob is dull, before sharpen- 
ing. The speaal tapered-end hobs for high-angle heUcal gears 
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cannot be shifted in this manner, hence they are made much shorter 
than standard spur-gear hobs and require more frequent sharpening. 

Multiple- thread hobs should be used for roughmg to save time. 
The cutting action of these roughing hobs is improved by having the 
teeth undercut or hooked, instead of radially gashed. 

Shear-t3q)e roughing hobs are particularly advantageous in 
cutting the higher carbon steels at fast feeds and speeds. The 
shearing action is obtained by making the hand of gash opposite 
to the hand of the thread, and hooking the teeth. In this t5q)e of 
hob the lead is modified to distribute the cutting action among more 
cutting teeth; this, however, restricts the range of teeth that may 
be cut by any one shear-cut hob. 

Speeds and Feeds for Spur Gears 

The speeds for cast iron vary from 40 to 100 feet per minute 
usually being about 80. For steel, the speed varies from 60 to 
150 feet per minute, averaging approximately 100. 

The feed per revolution of blank is ordinarily 0.030 to 0.050 inch 
for a single-cut job. For roughmg, it ranges from 0.060 to 0.200 
inch with special roughing hobs. For double-thread roughing 
hobs, the feed is reduced about one-third, and the index gearing is 
arranged for half the number of teeth, almost doubling the pro- 
duction. In finishing after roughing cuts, the feed ranges from 
0.040 to 0.060 inch according to the finish desired. 

Speeds and Feeds for Helical Gears 

The speeds for bobbing helical gears are the same as for spur 
gears. The feeds per revolution of blank given for spur gears 
should be reduced as the helix angle increases, to maintain the 
same quality of finish. In selecting a feed for a helical gear, the 
appropriate spur-gear feed is multiplied by the cosine of the helix 
angle. 

Coolant 

Sulphurized mineral oil in combination with lard oil is preferable 
for bobbing steel to attain maximum cutter life, improved finish, 
equalized temperature, and maximum production. • Soluble oil in 
water in sometimes used, but this is better suited for bronze and 
brass. No coolant is necessary for cast iron. 

Hobbing Worm Gears— Infeed Method 

Worm gears may be produced by the infeed method. The hob 
is fed in a radial direction toward the center of the blank instead of 
across the face of the blank as in spur-gear hobbing. When the 
proper center distance has been reached, as indicated by a scale 
and vernier on the machine, the feed is disengaged and the blank 
permitted to rotate at least one extra revolution until the hob stops 
cutting^ and the operation is completed. 

The index change gears for the infeed method are the same as for 
spur gears. The feed change gears may be approximate and are 
selected from a chart. 
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The hob is usually set at exactly right angles to the axis of the i 
woTm-gear blank. Sometimes the hob is tilted angularly when ^ 
either over- or undersized, to compensate for the slight change in 
thread angle. In any case, the angular setting of the hob arbor 
must be accurate if cross-cornered tooth contact is to be avoided- ■ 
this is an important difference in set-up as compared to spur or ' 
helical gear bobbing. ' ; 

should be an exact duplicate in tooth form and 
lead of the worm that is to mesh with the gear, except that the tooth 
height IS increased for clearance and the tooth thickness increased 
for the necessary backlash. 

Infeeding is only suitable when the thread angle of the worm does 
not exceed 6 or 7 degrees. On larger angles, infeeding destro3rs part 
of the useful tooth surfaces, and the tangential method is therefore 
preferable. 

Hobbing Worm Gears—Tangentlal Method 

In bobbing worm gears tangentially, the direction of feed is along 
a line tangent to the blank and parallel with the axis of the hob. In 
tms method the hob is set at the exact center distance and to one 
side of the center line to clear the blank entirely. The gear teeth 
are first roughed out by the leading end of the hob and finish cut as 
the hob passes through the blank. The index change gears and 

angular setting of the hob are the same as in inf ceding. 

Feeding the hob tangentially requires a supplemental rotative 
motion to the blank to synchronize the relation between the teeth 
of the hob and the blank. This is accomplished by a differential and 
lead change gearing calculated from the lead of the job. These 
calculations must be very accurate. 

The tangential method is inherently much slower than the 
imeed method; hence, it is common practice to precede the tangen- 
tial cut by a roughing infeed cut to save time. For this combined 
cutting, separate hobs may be used, mounted on the same arbor or 
one hob may serve both operations. ’ 

Hobs for Worm Gears 

Infeed hobs are cylindrical in shape and in general appearance 
resemble spur-gear hobs. 

Hobs for tangential feeding usually have the teeth at the entering 
end tapered in width and height to divide the load among several 
teeth and ease the cutting action. 

Roughing hobs and the roughing teeth on finishing hobs may be 
unground, but the finishing teeth or tooth should always be ground 
if satisfactory tooth forms are to be produced. 

Hobs of small diameters and coarse pitches are made with solid 
shanks to avoid small cutter arbors. This condition frequently 
occurs because, from a design standpoint, worms are made rela- 
t^ely small in diameter. Small worm diameters result in steep 
thread angles and consequently high worm and gear efficiency. 

Fly tools tangentially fed provide a means to cut a single gear or 
limited quantities without an expensive hob. The fly tool consists 
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of a single finishing hob tooth clamped in the cutter arbor and fed 
across the blank like a tangential hob but at a very much reduced 
rate of feed. 

The tooth forms of worm-gear hobs and fly tools may be involute 
or straight sided in an axial or normal plane, or they may be given 
special shapes conjugate to straight-sided milling cutters or grinding 
wheels of definite diameters. The choice of form depends upon the 
equipment available for making the worms. 

The successful operation of a worm and gear depends a great deal 
upon the care exercised in the shop to produce good contact between 
the worm and worm-gear teeth. Proper tooth contact is dependent 
particularly upon the precision of the worm, also upon the condition 
and setup of the bobbing machine and the accuracy of the worm- 
gear hob. The precautions in handling hobs, as outlined under spur 
and helical gears, are equally important for worm gears. 

Other Applications of the Hobbing Method 

Hobbing is by no means limited to the three general types of 
gears mentioned. It is also widely used for double helical or 
herringbone gears, helical gears for operation on crossed axes (some- 
times termed “spiral gears’’)? rotors, single- and multiple- 

threaded worms, sprockets, ratchet gears, straight-sided and 
involute splines, etc. Special worms and gears, such as the Hindley , 
hour-glass, and Cone types, are also manufactured on hobbing 
machines. 


Table 16. — Accuracy Required or Change-Gear Combinations 
ON Hobbing Machines 


Types of Gears 


Change Gearing 


Being Mobbed 

Index 

Feed 

Lead 

Speed 

Spur gears. 

Exact, from 
chart 

Approximate, 
from chart 


Approximate, 
from chart 

Helical gears cut 

Exact, from 

Approximate, 

Accurate as 

Approximate, 

with differen- 
tial. 

chart 

from chart 

possible; 

*approxi- 

mate 

from chart 

Helical gears cut 
non-differen- 

Exact 

Accurate as 
possible 


Approximate, 
from chart 

tially. 




Worm gears cut 
with infeed. 

Exact, from 
chart 

Approximate, 
from chart 


Approximate, / 

from chart 

Worm gears cut 

Exact, some- 

Approximate, 
from chart 

Accurate as 

Approximate, 

wi*h tangen- 

times from 

possible 

from chart 

tial feed. 

chart 



* Permissible only when same lead gearing is used for cutting both pinion 

and gear. 

The Barber-Colman Company, which specializes 
hobs, suggests the following: 

1 ^ ; 

in fine-pitch 
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Table i6a.—BAEBER-GoLM:AN Standard Fine Pitch Hob Sizes 
(Dimensions in Indies) 


D. P. 

Bore 

Diameter 

30 to S 4 

0.2362 (6 mm.) 
0.315 (8 mm.) 
0.3937 (10 mm.) 
0.500 

0.750 

t 7 

d / Y 

4 8 A 

I 

Is 

if 

SS to 84 

0.2362 (6 mm.) 
0.315 (8 mm.) 
0.3937 (10 mm.) 

0 . 500 

0.750 

l-i-i 

I 

If 

if 

85 to 129 

0.2362 (6 mm.) 
0.315 (8 mm.) 
0.3937 (10 mm.) 

0 .500 

0.750 

f 

l-f-i 

I 

if 

130 to 200 

0.2362 (6 mm.) 
0.315 (8 mm.) 
0.3937 (10 mm.) 
0.500 

0.750 

1 

i— l-i 

I 

if 

If 


FINE PITCH HOBS 


In manufacturing fine pitch hobs, size characteristics are deter- 
mined by the type and size of the machine on which they are to be 
used. Diameter and face are held as small as possible so that the 
number of teeth in the hob may be consistent with manufacturing 
operations required, and at the same time give desired finish on 
profile. If a hob is too large in diameter or too wide in cutting face 
the accuracy of the form cannot be maintained across the entire 
width because the forming tool or the grinding wheel would have to 
be reconditioned before this distance, is completed. For example, 
there are approximately 230 teeth on a 200 D.P., f-inch-diameter, 
|-inch-long ground hob. If the diameter or length were increased, 
it would add to difficulty in manufacturing. 

The fact that the pitch on these hobs is so fine actually provides 
a multiplicity of settings. Each setting requires only a slight shift 
in the position of the hob, depending on pitch and number of teeth 
in the work. There is, therefore, no necessity for a wide face hob. 
Unground hobs should not exceed approximately 300 cutting teeth 
ground hobs, 250 teeth, allowing for fewer gashes. 
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Ground hobs are furmshed up to 200 D, P. depending on the 
form; unground hobs up to 250 D. P. 

Importance of Frequent Hob Shifting 

Hobs should be shifted frequently and in short amounts in order 
to obtain the best possible cutting conditions and longest hob life. 
After a hob has been used in one position for any length of time, 
the operator can tell how many teeth have been in use and how 
much wear each one shows. From the amount of wear, the oper- 
ator can calculate the distance the hob should be shifted to get 
maximum life and uniform wear from all teeth. Many shops 
establish a maximum amount of wear to be permitted, and when 
the hob reaches this point it should be shifted to another position. 
k right hand hob, top coming, should always be shifted to the right; 
a ie/if hand hob to the 

All teeth used will not show the same amount of wear. Select a 
tooth around the lead which shows maximum wear. Consider 
this wear in terms of amount of stock which has to be removed to 
restore the hob to a good keen cutting edge. This should not 
exceed 0.003 inch to 0.006 inch, depending on the pitch and accuracy 
of profile. Shift the hob far enough so that the tooth with maxi- 
mum wear will clear the cut. It is not necessary to shift so far 
that all teeth used will clear in the new position; those showing 
minimum wear may be used again cutting in a different position. 

To set the hob properly be sure that either one hob tooth or one 
tooth space is centered on the center line of the gear blank. This 
position will produce symmetrical generating flats, and is usually 


Hob Hob 

accomplished by trial moving the hob endwise until a symmetrical 
form has been obtained, or with the aid of a gage. After this posi- 
tion has been obtained the hob should be shifted one full circular 
pitch each time. This is important and should be carefully observed 
if good pinions are to be obtained. 
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Table i6i . — Small Diameter Gear Hob Limit Chart 



30 to so Pitch 

SI Pitch and Finer 

Hob Runout 



Face within Class A 

> 0.0001 

0.0001 

Class B 

0.0002 

0.0002 

Unground 

0.0603 

0 . 0002 

O.D. within Class A 

0.0001 

0.0001 

, Class B 

0.0002 

0 . 0002 

Unground 

0 . 0004 

0. 0002 

Runout of O.D. Class A 

I 0.0007 

0.0005 

Class B 

0.0007 

0.0005 

Ungrouhd 

0.0015 

O.ooio 

Sharpening 

■ . 


Indexing flute to flute Class A 

0.001 

0.0010 

Class B 

0.001 

0.0010 

Unground 

0.0017 

0.0017 

Accumulated error in Class A 

0.002 

0.0015 

one revolution must Class B 

0.0025 

0,002 

not exceed Unground 

0 . 040 

0.003 

Radialism for depth Class A 

0.0003 

0 . 0003 

of form Class fi 

0.000s 

O.ooos 

Unground 

O.OOI 

0.001 

Thread 



Lead variation in one Class A 

0.0003 

0.0003 

complete turn must Class B 

0.0004 

0.0003 

not exceed Unground 

O.OOI 

0.0007 

Tooth to tooth Class A 

0.0602 

0.0002 

Class B 

0.0002 

0.0002 

Unground 

0.0005 

0.0004 

Three turns Class A 

0.0005 

o.ooos 

Class B 

0.0007 

o.ooos 

Unground 

0.001 

0 . 001 

Tooth Profile or Pressure Angle 



Must be symmetrical Class A 

0.0002 

0 . 0003 

within (plus or Class B 

0.0003 

0.0003 

minus) Unground 

0.0006 

0.0006 

Straight portion with- Class A 

0.0002 

0.0002 

in (plus or minus) Class B 

0.0002 

0.0002 

Unground 

0.0006 

0.0005 

Start of approach Class A 

0.002 


within (plus or Class B 

0.003 


minus) . Unground 

0.004 


Symm. of approach Class A 

0.002 


within (plus or Class B 

0.0025 


minus) Unground 

0.004 


Tooth thickness Class A 

— O.OOI 

— 0.0005 

Class B 

— O.OOI 

— o.ooos 

Unground 

— O.OOI 

— o.ooos 

Hole Class A 

H 

1-0.0002 —0.0000 

■4-0.0002 —0.0000 

Class B 

H 

-0.0002 —0.0000 

-4-0.0002 —0.0000 

Unground 

.Jl! 

-0.0003 —0,0000 

-4-0.0003 —0.0000 
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Table i6c.--“Gear Tooth Parts 

Fine Pitch Series 

(A. G. M. A. recommended practice) 


Diametral 

Pitcli 

Circular 

Pitch 

Circular 

Thickness 

Adden- 

dum 

Deden- 

dum 

Working 
i Depth 

Whole 
i Depth 

30 

0. 10472 

0.05236 

* 0.0333 

0.0420 

0.0667 

0 . 0753 

31 

0. 10134 

0.05067 

0.0323 

0 . 0407 

0 . 064s 

0.0730 

32 

0.09818 

0.04909 

0.0313 

0.039s 

0.0625 

0.0708 

33 

0.09520 

0.04760 

0.0303 

0.0384 

0 . 0606 

0.0687 

34 

0.09240 

0.04620 

0.0294 

0.0373 

0.0588 

0.0667 

35 

0.08976 

0.04488 

0.0286 

0.0363 

0.0571 

0 . 0649 

36 

0.08727 

0.04363 

0.0278 

0.0353 

0.0556 

0.0631 

37 

0.08491 

0.0424s 

0.0270 

0.0344 

0.0541 

0.0615 

3 S 

0.08267 

0.04134 

0.0263 

0.0336 

0 . 0526 

0.0599 

39 

0.08055 1 

0.04028 

0.0256 

0.0328 

0.0513 

0.0584 

40 

0.07854 

0.03927 

0.0250 

0.0320 

0.0500 1 

0.0570 

41 

0.07662 

0.03831 

0.0244 

0.0313 

0.0488 1 

0.0557 

42 

0.07480 

0.03740 

0.0238 

0.0306 

0.0476 i 

0.0544 

■■ 43 1 

0.07306 

0.03653 

0.0233 

0.0299 

0.046s ! 

0.0532 

44 

0.07140 

0.03570 

0.0227 

0.0293 

0.0455 

0.0520 

45 

0.06981 

0.03491 

0,0222 

0.0287 

0 . 0444 

0.0509 

46 

0.06830 

0.0341S 

0.0217 

0.0281 

0.043s 

0.0498 

47 

0.06684 

0.03342 

0.0213 

0,0275 

0.0426 

0.0488 

48 

0.06545 

0.03272 

0.0208 

0.0270 

0. 0417 

0.0478 

49 

0.06411 

0.03206 

0.0204 

0.0265 

0.0408 

0 . 0469 

SO 

0.06283 

0.03142 

0.0200 

0.0260 

0.0400 

0 . 0460 

SI 

0.06160 

0.03080 

0.0196 

0.025s 

0.0392 

0.0451 

S2 

0.06042 

0.03021 

0.0192 

0.0251 

0.0385 

0.0443 

S 3 

0.05928 

0.02964 

0.0189 

0.0246 

0.0377 

0.0435 

S 4 

0,05818 

0.02909 

0.018s 

0.0242 

0.0370 

0.0427 

SS 

0.05712 

0.02856 

0.0182 

0.0238 

0 . 0364 

0.0420 

56 

0.05610 

0.0280s 

0.0179 

0 . 0234 

0.0357 

0.0413 

57 

0.05512 

0.02756 

0 . 017 S 

0.0231 

0.0351 

0 . 0406 

58 

0.05417 

0.02708 

0.0172 

0.0227 

0.0345 

0.0399 

59 

0.05325 

0.02662 

0.0169 

0.0223 

0.0339 

0.0393 

60 

0.05236 

0.02618 

0.0167 

0.0220 

0.0333 

0.0387 

61 

0.05150 

0.02575 

0.0164 

0.0217 

0.0328 

0.0381 

62 

0.05067 

0.02534 

0.0161 

0.0214 

0.0323 

0.0375 

63 

0.04987 

0,02493 

0.0159 

0.0210 

0.0317 

0.0369 

64 

0 . 04909 

0,02454 

0.0156 

0.0208 

0.0313 

0 . 0364 

6s 

0,04833 

0,02417 

0.0154 

0.020s 

0.0308 

0.0358 

66 

0.04760 

0.02380 

0.0152 

0 . 0202 

0,0303 

0.0353 

§7 

0.04689 

0.02344 

0.0149 

0.0199 

6.0299 

0.0348 

68 

0.04620 

0.02310 

0.0147 

0,0196 

0.0294 

0.0344 

69 

0.04553 

0.02277 

0.014s 

0.0194 

0.0290 

0.0339 

70 

0.04488 

0.02244 

0.0143 

0.0191 

0.0286 

0.0334 

71 . 

0.0442s 

0.02212 

0.0141 

0.0189 

0.0282 

0.0330 

72 ' 

0.04363 

0.02182 

0.0139 

0.0187 

0.0278 

0.0326 

73 

0.04304 

0.02152 

0.0137 

0.0184 

0.0274 

0.0321 

■: 74 

0.0424s 

0.02123 

0.013s 

0.0182 

0.0270 

0.0317 
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Table i6c.-r~GEAR Tooth Parts . — Continued 

Fine Pitch Series 

(A. G. M. A, recommended practice) 


Diametral 

Pitch 

Circular 

Pitch 

Circular 

Thickness 

Adden- 

dum 

Deden- 

dum 

Working 

Depth 

Whole 

Depth 

75 

0.04189 

0.02094 

0.0133 

0.0180 

0.0267 

0.0313 

76 

0.04134 

0.02067 

0.0132 

0.0178 

0.0263 

0.0309 

77 

0.04080 

0.02040 

0.0130 

0.0176 

0.0260 

0.0306 

78 

0.04028 

0.02014 

0.0128 

0.0174 

0.0256 

0.0302 

79 

0.03977 

0.01988 

0.0127 

0.0172 

0.0253 

0.0298 

8o 

0.03927 

0.01964 

0 . 0 I 2 S 

0.0170 

0.0250 

0.029s 

8i 

0.03879 

0.01939 

0.0123 

0.0168 

0.0247 

0.0292 

82 

0.03831 

0.01916 

0.0122 

0.0166 

0.0244 

0.0288 

83 

0.0378s 

0.01893 

0.0120 

0.016s 

0.0241 

0.028s 

84 

0 . 03740 

0.01870 

O.OII9 

0.0163 

0.0238 

0,0282 

8S 

0.03696 

0.01848 

0.0118 

0.0161 

0.023s 

0.0279 

86 

o- 03653 

0.01827 

O.OII6 

0,0160 

0.0233 

0.0276 

87 

0.03611 

0.01806 

O.OII5 

0,0158 

0.0230 

0.0273 

88 

0 . 03570 

0.0178s 

0.0114 

0.0156 

0.0227 

0.0270 

89 

0.03530 

0.0176s 

0.0II2 

o.oiss 

0.0225 

0.0267 

90 

0.03491 

0.01745 

O.OIII 

0.0153 

0.0222 

0 . 0264 

91 

0.03452 

0.01726 

O.OIIO 

0.0152 

0.0220 

0.0262 

92 

0.03415 

0.01707 

0.0109 

0.0150 

0.0217 

0.0259 

93 

0.03378 

0.01689 

0,0108 

0.0149 

0.0215 

0.0257 

94 

0.03342 

0.01671 

0.0106 

0.0148 

0.0213 

0,0254 

95 ' 

0.03307 

0 . 0 i 6 S 3 

o.oios 

0.0146 

0.02x1 

0.0252 

96 1 

0.03273 

0.01636 

0.0104 

0.0145 

0.0208 

0.0249 

97 

0.03239 

0.01619 

0.0103 

0,0144 

0.0206 

0.0247 

98 

0.03206 

0.01603 

0.0102 

0.0142 

0.0204 

0.0244 

99 

0.03173 

0.01587 

O.OIOI 

0.0141 

0.0202 

0.0242 

100 

0.03142 

0 . 0 IS 7 I 

0.0100 

0.0140 

0.0200 

0.0240 

101 

O.03110 

0.0 1 555 

0.0099 

0.0139 

0.0198 

0.0238 

102 

0.03080 

0.01540 

0.0098 

0.0138 

0.0196 

0.0236 

103 

0.03050 

0,0152s 

0.0097 

0.0137 

0.0194 

0.0234 

104 

0.03021 

0.01510 

0.0096 

0.0135 

0.0192 

0.0232 

los 

0.02992 

0.01496 

0.0095 

0.0134 

0.0190 

0.0230 

io6 

6.02964 

0.01482 

0.0094 

0.0133 

0.0189 

0.0228 

107 

0.02936 

0.01468 

0.0093 

0.0132 

0.0187 

0-0226 

io8 

0.02909 

0.01454 

0.0093 

0.0131 

0.018s 

0.0224 

109 

0.028S2 

0.01441 

0.0092 

0.0130 

0.0183 

0.0222 

no 

0.02856 

0.01428 

0.0091 

0.0129 

0.0182 

0.0220 

111 

0.02830 

0.0141S 

0.0090 

0.0128 

0.0180 

0.0218 

II 2 

0.02805 

0.01403 

0.0089 

0.0127 

0.0179 

0.0216 

II 3 

0.02780 

0.01390 

0.0088 

0.0126 

0.0177 

0.0215 

II 4 

0.02756 

0.01378 

0.0088 

0.012s 

0.0175 

0.0213 

IIS 

0.02732 

0.01366 

0.0087 

0.0124 

0.0174 

0.0211 

ir6 

0.02708 

0.01354 

0 . 0086 

0.0123 

0.0172 

0.0210 

1 X 7 

0.0268s 

0.01343 

0.0085 

0.0123 

0.0171 

0.0208 

ii8 

0.02662 

0.0133 1 

0.008s 

0.0122 

0.0169 

0. 0206 

119 

0.02640 

0.01320 

0.0084 

0.0121 

0.0168 

0,0205 
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Table i6c.— Gear Tooth V Ams.—Continued 
Fine Pitch Series 

(A. G. M. A. recommended practice) 


Diametral 

Pitch 

Circular 
Pitch 1 

Circular 

Thickness 

Adden- 

dum 

Deden- 

dum^ 

Working 

Depth 

Whole 

Depth 

120 

0.02618 

0.01309 

0 . 0083 

0.0120 

0.0167 

6.0203 

12 1 

0.02596 

0.01298 

0.0083 

0.0119 

0.016s 

0,0202 

122 

0.02S7S j 

0.01288 

0.0082 

0.0118 

0.0164 

0.0200 

123 

0.02SS4 

0.01277 

0.0081 

0.01x8 

0.0163 

0.0199 

124 

0.02S34 

0.01267 

0.0081 

0.0117 

0.0161 

0.0197 

I2S 

0.02513 

0.01257 

0.0080 

0.0116 

0.0x60 

0.0196 

126 

0.02493 

0.01247 

0.0079 

o.oiis 

0.0IS9 

0.0X95 

127 

0.02474 

0.01237 

0.0079 

0.0114 

0.0X57 

0.0193 

128 

0.02454 

0.01227 

0.0078 

0.0114 

0.0156 

0.0192 

129 

0.0243s 

0.01218 

0.0078 

0.0113 

0.0X55 

0.0191 

130 

0.02417 

0.01208 

0.0077 

0.01x2 

0.0154 

0.0189 

I3I 

0.02398 

0.01199 

0.0076 

0.0X12 

0.0153 

0.O188 

132 

0,02380 

0.01190 

0.0076 

0.0111 

0.0152 

0.0187 

133 

0.02362 

0.01181 

0.007s 

O.OIIO 

0.0x50 

0.018s 

134 

0.02344 

0,01172 

0.0075 

0.01X0 

0.0149 

0.0184 

13s 

0.02327 

0.01164 

0 . 0074 

0 . 0109 

0.0148 

0.0183 

136 

0.02310 

0.01155 1 

0.0074 

0.0108 

0.0147 

0.0182 

137 

0.02293 

0.01147 ' 

0.0073 

0.0108 

0.0146 

0.0181 

138 

0.02277 

0.01138 

0.0073 

0.0107 

0.0145 

0.0179 

139 

0.02260 

0.01130 

0.0072 

0.0x06 

0.0144 

0.0178 

140 

0.02244 

0.0II22 

0.0071 

0.0106 

0,0143 

0.0177 

I4I 

0.02228 

O.OIII4 

0.0071 

0.0105 

0.0142 

0.0176 

142 

0.02212 

O.OIIO6 

0.0070 

o.oios 

0.014X 

0.017s 

143 

0.02197 

0.01098 

0.0070 

0.0104 

0.0140 

0.0174 

144 

0.02182 

O.OIO9I 

0.0069 

0.0103 

0.0139 

0.0173 

14s i 

0.02167 

0.01083 

0.0069 

0.0x03 

0.0138 

0.0x72 

146 

0.02152 

0.01076 

0.0068 

0.0102 

0.0137 

0.0171 

147 1 

0.02137 

0.01069 

0.0068 

0.0X02 

0:0136 

0.0170 

148 

0.02123 

O.OIO6I 1 

0.0068 

O.OIOX 

0.0135 

0.0169 

149 

0.02108 

0.01054 1 

0,0067 

O.OIOI 

0.0134 

0.0x68 

ISO 

0.02094 

0.01047 

0.0067 

0.0X00 

0.0133 

0.0167 

ISI 

0.02081 

0.01040 

0.0066 

0 . 0099 

0.0132 

0.0166 

IS2 

0.02067 

0.01033 

0.0066 

0 . 0099 

0.0132 

0.016s 

IS3 

0.02053 

0.01027 

0.006s 

0.0098 

0.0131 

0.0164 

IS4 

0.02040 

0.01020 

0.006s 

0.0098 

0.0130 

0.0163 

' ISS ' 

0.02027 

0.010x3 

0.0064 

0 . 0097 

0.0129 

0.0162 

IS6 

0.02014 

0.01007 

0.0064 

! 0 . 0097 

0.0128 

0.0161 

IS7 

0.02001 

O.OIOOI 

0.0064 

0 . 0096 

0.0127 

0.0160 

IS8 

0.01988 

0.00994 

0.0063 

0 . 0096 

0.0127 

0.0159 

XS9 

0,01976 

0.00988 

0.0063 

0.0095 

0.0126 

0.0x58 

160 

0.01964 

0 . 00982 

0.0063 

O.Q095 

0.0126 

0.0x58 

16 1 

0.01951 

0.00976 

0.0062 

0.0095 

0.0124 

1 0.0IS7 

162 

0.01939 

0.00970 

0.0062 

0 . 0094 

0.0123 

0.0156 

163 

0.01937 

0 . 00964 

0.0061 

0 . 0094 

0.0123 

! 0.0155 

164 

0.01916 

0.00958 

0.006X 

0.0093 

0.0122 

0.0X54 


HELICAL GEARS 

The term “spiral gears” was formerly applied to all gears in 
which the teeth were not parallel with the axis. They were also 
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called “skew gears.” Eater tke term spiral gears was applied to 
helical gears made to replace bevel gears and used on shafts that 
were not parallel in both planes. This designation was used in 
previous editions of this Handbook. The teeth of such gears are, 
however, helices instead of spirals, and the correct term has been 
adopted in the present edition. The only approach to a spiral 
gear in practice is the “spiral bevel,” and the term is retained for 
that form of gear only. 


Table 17.— Calculation oe 4S-Degs.ee Helical Geass 


Pitch 

of 

Gut- 

ter 

Pitch 

Diam. 

Pitch of 
Helical in 
Inches to 
One Turn 

No. of 
Teeth 
in Spur 
Same 
Curva- 
ture 

Out- 

side 

Diam. 

Thick- 
ness of 
; Tooth at 
Pitch 
Line 

(Normal) 

Depth 

of 

Tooth 

Clear- 

ance 

Cir- 

cular 

Pitch 

(Nor- 

mal) 


Multiply by Number of 
Teeth in Helical Gear 

Add to 
P.D. 





2 

0.70710 

2.22142 

2.828 

I. 0000 

0.7854 

1.078s 

0.078s 

I . 5708 

2i 

0.62855 

1.97464 

2.828 

0.8888 

0.6981 

b, 9 SS 7 

0 . 0699 

1.3963 

2i 

0.56566 

1.77707 

2.828 

0.8000 

0.6283 

0, 8628 

0.0628 

I 2566 

' 2f 

0.5 142 5 

1.61556 

2.828 

0.7273 

O.S7I2 

0.7844 

0.0572 

I . 1424 

3 

0.47140 

1.48094 

2.828 

0.6666 

0.5236 

0.7190 

0.0524 

I . 0472 

31 

0.40406 

1.26939 

2.828 

0.5714 

! 0.4488 

0.6163 

0.0449 

0 . 8976 

. , , 4 ■ 

0 . 3 S 3 S 5 

1.11071 

2.828 

0.5000 

0.3927 

0.5393 

0.0393 

0 7854 

5 

0.28283 

0.88853 

2.828 

0.4000 

1 0.3142 

0.4314 

0.0314 

0.6283 

6 

0.23570 

0.74047 

2.828 

0.3333 

0.0618 

0.3595 

0.0262 

0.5236 

7 

0.20203 

0.63469 

2.828 

0.2857 

0.2244 

0.3081 

0.0224 

0.4488 

8 

0.17677 

0.55534 

2.828 

0.2500 

0.196s 

0.2696 

0.0196 

0.3927 

9 

0.15714 

0.49367 

2.828 

0.2222 

O.I 74 S 

0.2397 

0.017s 

0.3491 

10 

0.14143 

0.44431 

2.828 

0.2000 

O.IS 7 I 

0.21S7 

0.0157 

0.3142 

II 

0.12856 

0.40388 

2.828 

0. 1818 

0. 142S 

0. 1961 

0.0143 

0.2856 

12 

0.11785 

0.37024 

2.828 

0.1666 

0.1309 

0.1798 

O.0131 

0.2618 

14 

O.IOIOI 

0.31733 

2.828 

0.1429 

0.1122 

0.1541 

0.0112 

0.2244 

16 

0.08836 

0.27759 

2.828 

O.I 2 SO 

0.0982 

0.1348 

0.0098 

0.1963 

18 

0.07855 

0.24677 

2.828 1 

O.IIll 

0.0873 

0.1198 

0.00S8 

0.174s 

20 

0.07071 

0.22214 

2.828 

O.IOOO 

0.078s 

0.1079 

0.0079 

0.IS7I 

22 

0.06428 

0. '20194 

2.828 

0.0909 

0.0714 

0.0980 

0.0071 

0. 1428 

24 

0.05892^ 

0.18510 

2.828 

0.0833 

0.0654 

0.0898 

0.006s 

0.1309 

26 

0.05437 

0.17081 

2.828 

0.0769 

0.0604 

0.0829 

0 . 0060 

0.1208 

28 

0.05050 

0.15865 i 

2.828 

O.O714I 

0.0561 

0.0770 

0 . 0056 

0. 1122 

30 

0.04713 

0.14806 

2.828 

0.0666 

0.0524 

0.0719 

0.0053 

0 . 1047 

32 

0.0442s 

0.13901 

2.828 

0.062s 

0.0491 

0.0674 

0.0050 

0.0982 

36 

0.03929 

0.12343 

2.828 

0 . 0 SS 5 

0.0436 

0.0599 

0 . 0043 

0.078s 

40 

0.03533 

O.I1099 

2.S28 

0.0500 

0.0393 

0.0539 

0 . 0039 

0 . 0873 

48 

0.02944 

0.09249 

2.828 

0.0417 

0.0327 

0 . 0449 

0.0033 

0-0654 


In considering "speed ratios for helical gears the driving gear can be 
taken as a worm having as many threads as there are teeth and the 
driven as the worm gear with its number of teeth, so that one 
revolution of the driver will turn a point on the pitch circle of the 
driven gear as many finches as the lead of the teeth of the driver. 
Divide this by the circumference of the pitch circle of the driven 
gear to get the revolutions of the driven. 

While the subject of helical gears is rather complex if considered 
broadly, most of the difficulties disappear when they have a tooth 
angle of 45 degrees. It is perhaps for this reason from from 75 to 90 
per cent of the helical gears used are made with this angle. 
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TMs has the added advantage of being the most durable, although 
there is but a trifling increase in wear down to 30 degrees, and the 
wear at 20 degrees is not serious. In cases of necessity.^ even 12 
degrees can be used without destructive wear. 

Where higher speed ratios than can be had with a 45-degree angle 
tooth are necessary, they can be laid out as will be shown later and 
can be cut on most milling machines. The usual change gears allow 
about two thousand different helices to be cut. 

Where the angles are not 45 degrees, the gear with the greatest 
angle must always be the driver. 

All the tooth parts are derived from the normal pitch, whereas the 
pitch diameters are derived from the circular pitch. These are 
never the same in two gears of a pair except when both are 45 
degrees. 

As the diameter of a helical gear does not indicate its speed ratio, 
the terms driver and follower are used in place of gear and pinion. 

45-Degree Helical Gear 

These gears are the simplest of all helices to lay out and to make, 
the required speed ratios being obtained by varying the diameters, 




Fig. 19.— Diagrams of 45-Degree Helical Gears 

precisely as with spur or bevel gears, the rules for the speed ratio 
being the same in both cases. Moreover, the various factors 
required in laying out and making such gears can be reduced to 
the simple table shown on page 2 76. This was calculated by the late 
E. J. Kearney. With it any one can quickly make the few calcula- 
tions connected vdth any pair of 45-degree gears having teeth 
between 2 and 48 diametral pitch. 

Example.-— Let it be desired to construct a pair of helical gears 
with 35 teetb in the gear and 16 teeth in the pinion, using a lo-pitch 
cutter. Using the table on page 276, we have for a lo-pitch cutter, 
under the proper columns, the following: 
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P.D.“O.I4I43X3S = 4-95o. 

O.D. = 4.950 + 0.200 = 5.150. 

Pitch in inches to one turn of spiral = ©.44431 X 35 = 15.550. 
Note.— A slight variation in one turn makes no practical differ^ 
ence; hence, the ordinary change gears furnished with a universal 
miller will usually be found sufficient. 

Number of teeth in spur with same curvature = 2.828 X 35 == 
98.980. 

Looking at Brown and Sharpe spur-gear-cutter list, we see that 
99 is between 55 and 134; therefore, we select a No. 2 cutter. 

In a similar manner, using 16 as a multiplier, we obtain the data 
for the pinion. This gives 2.262 as pitch diameter, so that the 

center distance = — — ^ 3.606. 

The various dimensions follow: 



Gear 

Pinion 

Number of teeth 

35 

4.950 

5-150 

xS-SSo 

45" 

10 

16 

Pitch diameter 

2.262 

Outside diameter. 

2.462 

7.108 

45° 

10 

Pitch in inches to one turn. .... 
Angle of helix.. 

Pitch of cutter 

Number of cutter. ............ 

2 

3 

Whole depth of tooth 

0.216 

0. 2t6 

Angle of shafts 

2 . 606 

Center distance of shafts 


1 



Figuring Helical Gears 

As there is no direct solution for a pair of helical gears, their 
calculation is a tedious process and the result must be found by 
trial. 

As numerous calculations are absolutely necessary, this formula 
should not involve division by large or fractional numbers and 
should contain the fewest possible operations. Such formulas are: 

Let C = center distance. 

P = &ametral pitch. 
iVi = number of teeth in the driver, 
iV2 = number of teeth in the follower. 

= helix angle of driver, 

.S'2 = helix angle of follower. 

Then 2C Si ISf 1) -f- (sec »S*2 2) 


That is, the sum of the secant of the driving angle times the number 
of teeth in the driver, and the secant of the follower angle times the 
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number of teeth in it, divided by the diametral pitch equals twice the 
center distance. Tliis formula is derived as follows: The secant of 
the helix angle times the pitch diameter of a spur gear of the same 
number of teeth and pitch equals the pitch diameter of a helical gear 
of that angle, the pitch of the spur gear being the same as the normal 
pitch of the helical gear. Now for a spur gear, the number of teeth 
divided by the diametral pitch equals the pitch diameter. There- 
fore, the secant of the helix angle X-p ^ the pitch diameter of a helical 

gear. The combined pitch diameters times the center distance 
are equal to 

I (sec Si X (sec X 

or (sec SiNi) + (sec for one diametral pitch. 

The quantity sec SiNi is the pitch diameter for the driver, and 
sec is the pitch diameter of the follower. To obtain the center 
distance for any other pitch, it is simply necessary to divide this 
last result by that pitch. 

A table of secants will furnish constants covering the entire range 
j of angles; and therefore, all possible solutions for a pair of gears, 
j After long experience in calculating helical gears these are recom- 
mended by C. H. Logue as the best and simplest for all cases. 

Points to Be Kept in Mind When Calculating Helical Gears 

i To assist in their use the following points should be kept in mind: 

I I, The diameter of a helical gear increases with its angle. 

I 2. Therefore, the diameter of the follower will reduce as the driving angle 

is increased, although not necessarily in the same ratio. 

3. It is quite possible for the center distance to remain practically con- 
stant through quite a ran^e of angles, the follower decreasing as the driver 
is increased. This is especially true when the gear having the greater number 
of teeth is the driver. 

4. If the center distance is too great when the driving angle is 4S degrees— 
it must not go below that in any case — a lower number of teeth must be 
selected for both driver and follower, while maintaining the same ratio, 

; and another trial made using a much higher angle for the driver. 

■ S. The center distance will increase with the angle of the driver. This 

increase: is more rapid when reducing than when increasing the speed of the 
: follower. This refers to parallel shafts. 

6. The number of teeth selected for each trial must be in proportion to the 
desired ratio. 

7. Forty-five degrees is commonly accepted as the most efficient driving 

! angle., 

Selecting Secants and Trial Numbers of Teeth 

' To calculate a pair of helical gears, select secants for the desired 
’ angles, assuming the normal pitch, try out the value of 2C with trial 

numbers of teeth for driver and follower. 

If the value 2C is too small, increase the number of teeth and try 
again. A very few calculations will show the number of teeth to 
secure the closest result. 

If the center distance thus found is not as desired the angles must 
be shifted, keeping in mind the general laws governing the change of 

i the center distance with the angle. 
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It is often found tliat when the desired center distance is reached 
the driving angle is too large to be desirable. The only alternative 
is to change the normal pitch and try again. A slide rule will give 
approximate results. 

When there are limitations placed on the diameter of one or both 
of the gears, the following formula is of value. It may also serve as 
a check on the above calculations. The pitch iameters are 
assumed, 

„ — driver X number of revolutions of driver) 

an 1 — follower X number of revolutions of follower)’ 

This will set a limit on the driving angle Si, to exceed which means 
that the gear will be too large. 

Real Pitches for Circular-Pitch HeHcal Gears 

The following Table i8, will be found convenient in figuring 
particulars for helical gearing, because it eliminates much of the 
work by shortening the process, thus making it quite an easy and 
simple matter to find the dimensions for either helical gears with 
axes parallel to each other or for gears with right-angle drive. 

Formulas for use with the table are as follows: Circumference on 
pitch line = real pitch multiplied by number of teeth. 

Lead of helix = circumference on pitch line divided by the 
tangent. 

Pitch diameter = circumference divided by 3.1416. 

For whole diameter add the same amount above pitch line as for 
spur wheels of the same pitch as the normal pitch. 

The following is an example of the use of the table: A pair of 
wheels is required to be: ratio, 6 to i; normal pitch, i inch; driver, 
6 teeth; follower, 36 teeth; angle for driver, 66 degrees; angle for 
follower, 24 degrees. 

Referring to the table, we find that the real pitch for the driver 
is 2.4585. 

2.4585 X 6 (teeth) == 14.751 (circumference on pitch Hne). 

Cir. 14.751 2.246 (tangent) — 6.567 (lead of helix). 

Cir. 14.751 3.1416 = 4.695 <(pitch diameter). 

For the follower the real pitch is 1.0946. 

1.0946 X 36 ~ 39.4056 (circumference). 

Cir. 39.4056 4 - 0.4452 (tangent) = 88.512 (lead of spiral). 

Cir. 39.4056 4- 3.1416 = 12.543 (pitch diameter). 

Another method of finding the lead of helix is to multiply the 
real pitch by the. number of teeth, but for this purpose take the 
real pitch of the mating wheel. 

In the above example we should have 

Real pitch of follower, 1.0946 X 6 — 6.5676 (lead of helix). 

Real pitch of driver, 2.4585 X 36 = 88.506. 

It will be noticed that there is a slight difference in the result, 
but this is unimportant, as it is only brought about by the dropping 
of a few decimal points in the tangent. 



Fig. 20.— Chart for Selecting Helical Gear Cutters 

Spur-Gear Cutters for Helical Gears 

To find the number of a spur-gear cutter to be used in cutting a 
given helical gear, locate the intersection of lines traced from the 
points representing the number of teeth and the helix angle on the 
two scales. The number in the area on the chart within which 
the intersection falls is the cutter number of Brown and Sharpe’s 
involute cutter system required. 




2Sia 


GEARING 


Measuring Helical Gears with Wires 

The measurement of helical gears presents several difficulties that 
are not present in measuring spur gears. The calculations are more 
difficult because of the fact that the teeth curve in a helix instead of 
being straight. Also the different methods of producing helical 
gears such as milling, shaping, and bobbing may produce teeth 
which differ slightly from a true involute form. 

In some plants steel balls are used to measure helical gears. They 
are theoretically preferable to measuring wires in that they do not 
rock when placed in the helical groove between the gear teeth. Steel 
balls, however, are available only in a few standard sizes in six- 
teenths or thirty-seconds of an inch, while measuring wires can be 
obtained in any special size which may be required to simplify 
calculations. 

In making a measurement over two measuring wires placed in a 
helical gear, the gear should be placed on a surface plate and the 
micrometer spindle and anvil should be aligned with the face of the 



Fig. aoa.-— Holding and Aligning Measuring Wires on a Helical 

Gear. 

gear with two equal gage blocks or parallels, as shown in Fig. 20a. 
Then if the gear is moved until a maximum reading is obtained the 
correct measurement will be obtained. 

Using Spur Gear Tables eor Helical Gears 
The following method of measuring helical gears, using a special 
size of measuring wires gear tables pre- 

viously given, is presented as one which appears to be approximately 
correct. It should, if possible, be supplemented by measurements 
over master gears. 


HELICAL GEARS 


281& 


Notes ON Helical Gears 


Given Mathematical Data 

Helical Gear 12 teeth — N cosine 45 degrees 

= 0.7071 I 

6 BP I 

2-inch pitch diameter cosine 45 degrees 

= 1.4142 

4 5 -degree helix angle I 

i4|-degree pressure angle (cosine 45 degrees)® 

= 2.828 

1. Find normal BP ~ ■ — = = 6 X 1.4142 

cosine 4S-degrees 

= 8.4852 

, . j. ^ 1.728 inch 1.728 inch 

2. Find wire diameter — a — 

Normal BP 8.4852 

== 0.20377 inch 

3. Find number of teeth 
in equivalent spur 

gear. N' = — p- — =12X1.4142 

4. Find number of teeth cosine 45 degrees — 16.9704 
for which cutter 

would be selected, n ~ - — ; = 12 X 2.828 

5. Find measurement for (cosine 45 degrees)® =33.94 

I BP. = If 

Use decimal only from table for teeth 

(33-94) 

Use nearest whole number 34 = 0.4526 inch 

Add iV' -p 2 = 18.9704 inches 

M = 19.4230 inches 

6. If for given helical __M _ 19-423Q 

gear “ Normal BP 8.4852 ^ 

= 2.2890 inches 

The above procedure is used for gears having an even number of 
teeth. For gears of an odd number proceed as outlined above but 
correct the measurements for the wires not being opposite by f 
tooth interval as follows: 

M for odd number of teeth = {M — wire diameter) 

X cos ^ 4- wire diameter 

The table for even tooth gears should be used for both even tooth 
gears and odd tooth gears. The decimal may he interpolated for 
the nearest whole number of N. For an instance the decimal for 

37 teeth would be the average for 36 and 38 teeth or — ‘ ^ 

2 

= 0.4585 inch. 


Find wire diameter 
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Table 17&.—OBD Tooth Helical Gears 
Values of for use only in measuring odd-tooth, gears* 


N 

90 degree 
cos— 

N 

90 degree 

N 

90 degree 

““ N 

cos 

5 

0.95106 

41 

0.99927 

71 

0.99976 

7 

0.97493 

43 

0.99933 

73 

0,99977 

9 

0.98481 

45 

0.99939 

75 

0.99978 



47 

0.99944 

77 

0.99979 

II 

0.98982 

49 

0.99949 

79 

0.99980 

13 

0.99271 





IS 

0,99452 





17 

0.99573 





19 

0.99658 

SI 

0.99953 

81 

0.99981 



S 3 

0.99956 

83 

0.99982 

21 

0.99720 

55 

0.99959 

85 

0 . 99983 

23 

0.99767 

57 

0,99962 

87 

0.99984 

25 

0,99803 

59 

0.99965 

89 

0.99984 

27 

0.99831 





29 

0.99853 





31 

0.99872 

61 

0.99967 

91 

0.9998s 

33 

0.99887 

63 

0.99969 

93 

i 0.99986 

3 S 

0.99899 

65 

0.99971 

95 

0.99986 

37 

0.99910 

67 

0.99973 

97 

0.99987 

39 

0.99919 

69 

0 . 99974 

99 

0.99987 


^ When N is over 100 use formula given for even-tooth gears. 
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To Find Helix Angle of Old Gear 

Find normal circular pitch by measuring whole depth of tooth 
and thickness at pitch line. Subtract twice the addendum to get 
the pitch diameter. Multiply pitch diameter by 3.1416, and divide 
by the number of teeth to get the real circular pitch. Divide the 
normal circular pitch by the real circular pitch which gives cosine 
of heHx angle on which gear is cut. 

To get the lead, multiply the circumference by the cotangent of 
helix angle, or divide by the tangent. 

Helical-Gear Table 

While it is better in every case to understand the principles 
involved before using tables as this tends to prevent errors, they can 
be used with good results by simply following directions carefully. 
The subject of heKcal gears is so much more complicated than other 
gears that many wiU prefer to depend entirely on the tables. 

Table 19 gives the circular pitch and addendum or the diametral 
pitch and lead of helices for one diametral pitch and with teeth hav- 
ing angles of from i to 89 degrees to 45 and 45 degrees. For other 
pitches, divide the addendum given and the helix number by the 
required pitch, and multiply the results by the required number of 
teeth. This will give the pitch diameter and lead of helix for each 
wheel. For the outside diameter add two diametral pitches Is in 
spur gearing. 

Suppose we want a pair of helical gears with 10- and 80-degree 
angles, 8-diametral-pitch cutter, with 16 teeth in the small gear, 
having a lo-degree angle and 10 teeth in the large gear with its 80- 
degree angle. 

Find the lo-degree angle of helix and in the third column find 
1.0154. Divide by pitch, 8, and get 0.1269, Multiply this by num- 
ber of teeth — 0.1269 X 16 = 2.030 — pitch diameter. Add 2 
pitches — two i = i and 2.030 4" 0-25 “ 2^28 inches outside 
diameter. 

The lead of helix for 10 degrees for small wheel is 18.092. Divide 
by pitch = 18.092 -r 8 = 2.2613. Multiply by number of teeth, 
2.2615 X 16 =s 36.18, the lead of helix, which means that it makes 
one turn in 36.18 inches. 

For the other gear with its 80-degree angle, find the addendum, 
5.7587. Divide by pitch, 8, obtaining 0.7198. Multiply by num- 
ber of teeth, 10, obtaining 7.198. Add two pitches, or 0.25, 
obtaining 7.448 as outside diameter. 

The lead of helix is 3. 1901. Divide by pitch, 8, obtaining 0.3988. 
Multiply by number of teeth to obtain 3.988 the lead of helix. 

When racks are to mesh with helical gears, divide the number in 
the circular pitch columns for the given angle by the required dia- 
metral pitch to get the corresponding circular pitch. 

If we want to make a rack to mesh with a 40-degree helical gear 
of 8 pitch: Look for circular pitch opposite 40 and find 4.1 01. 
Divide by 8, obtaining 0.512 as the circular pitch for this angle. 
The greater the angle, the greater the circular or linear pitch, as can 
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TABL» 19 .— -Helical-Geae Table 

Shaft Angles 90 Degrees for One Diametral Pitch 


Angle of Helix Degrees 

To obtain the circular pitch for 
one tooth, divide by the re- 
quired diametral pitch 

To obtain, the pitch diameter, 
divide by the requireddiametfal 
pitch and multiply the quotient 
by the required number of teeth 

To obtain the lead 
of helix, divide 
by the required 
diametral pitch 
and multiply 
quotient by the 
required number 
of teeth 

To obtain the pitch diameter, 
divide by the required dia- 
metral pitch and multiply the 
quotient by the required num- 
ber of teeth 

To obtain the circular pitch for 
one tooth, divide by the re- 
quired ^araetral pitch. 

Angie of Hehx in Degrees • 

Circular 

Pitch 

One 

Tooth or 
Addend. 

Lead of Helix 

One Tooth 
or 

Addendum 

Circular 

Pitch 

Small 

Small 

Small 

Small 

Large 

Large 

Large 

Large 

Wheel 

Wheel 

Wheel 

Wheel 

Wheel 

Wheel 

Wheel 

Wheel 

I 

3. 1419 

1.0001 

180.05 

3.1420 

57.298 

180.01 

89 

2 

3.143s 

1.0006 

90.020 

3.143s 

28.653 

90.016 

88 

3 

3.1457 

1.0013 

60.032 

3.1458 

19.107 

60.026 

87 

4 

3 -1491 

1 .0024 

45.038 

3.1492 

14.335 

45-035 

86 

5 

3 .IS 3 S 

1.003S 

37.077 

3.1527 

11.473 

36.044 

8s 

6 

3.1589 

I . 0055 

30.056 

3.1589 

9.5667 

30.055 

84 

7 

3.1652 

1.0075 

25.728 

3.1651 

8.2055 

25.778 

83 

8 

3.1724 

I .0098 

22.573 

3. 1724 

7.1852 

22.573 

82 

9 

3.1806 

1.0124 

20.082 

3.1807 

6.3924 

20.082 

8x 

10 

3.1900 

1.0154 

18.092 

3. 1901 

5.7587 

18.092 

80 

XI 

3.2003 

1.0187 

16.464 

3 . 2003 

5. 2408 

16.464 

79 

12 

3.214s 

1.0232 

15.076 

3. 2105 

4.8097 

IS. 104 

■ 78 

13 

3.2242 

1.0263 

13.966 

3.2294 

4.4454 

13.988 

77 

14 

3.2377 

1.0306 

12.986 

3.2378 

4.133s 

12.986 

76 


3.2522 

1.0352 

12.138 

3.2524 

3.8637 

12.138 

75 

16 

3.2679 

1.0402 

11-393 

3 . 2678 

3.6279 

11.397 

74 

17 

3.2848 

1.0456 

10.417 

3.2821 

3.4203 

10.745 

73 

18 

3.3116 

1.OS14 

10.192 

3.3032 

3.2360 

10.166 

72 

19 

3.322s 

1.0576 

9.6494 

3.322s 

3.071S 

9.6494 

71 

20 

3.3430 

1.0641 

9.1848 

3.3433 

2.9238 

9.1854 

70 

21 

3.3650 

1.07 I I 

8.7^2 

3.3652 

2.7904 

8.7663 

69 

22 

3.3882 

1.0785 

8.3862 

3.3833 

2.6694 

8.3862 

68 

23 

3.4127 

1.0863 

8.0399 

3.4129 

2.5593 

8.0403 

67 

24 

3.4451 

1 . 0946 

7.7379 

3.4391 

2.4585 

7.7242 

66 

■ 2 S 

3.4661 

1.1033 

7.4332 

3.4663 

2.3662 

7.4336 

6S 

26 

3.4953 

1,1126 

7 . 1664 

3.4952 

2.28x1 

7.1663 

64 

27 

3.5258 

1.1223 

6.9198 

3.5257 

2.2026 

6.9197 

63 

28 

3 . 5579 

1.1325 

6.6912 

3 . 5575 

2.1300 

6.69x6 

62 

29 

3.5918 

I.I433 

6.4799 

3.5919 

2.0626 1 

6,4799 

61 

30 

3.6276 

I. 1 S 47 

6.2778 

3.6277 

2.0000 

6.2832 

60 

31 

3.6650 

1 . 1666 

6.0979 

3.6652 

1,9416 1 

6.09971 

59 

32 

3.7043 

I.179I 

5.9282 

3.7044 

! 1.8870 

5.9282 

58 

33 

3.7457 i 

1.1923 

5 . 7710 

3.7459 

1.8360 

S.7680 

57 

; 34 ,' 

3.7894 ; 

1.2062 

5. 6181 

3.7826 

1.7882 

5.6178 

S6 

3 S 

3.8349 

1.2207 

5.4754 

3.8351 

1.7434 : 

S.4770 

SS 

36 

3 . 8830 

1.2360 

5 . 3431 

3.8834 

I. 7013 

5 . 3448 

54 

37 

3.9336 

1.2521 

5.2201 

3.9261 

i.66i6 

5.2200 

53 

38 

3.9867 

1.2690 

5.1028 

3.9921 

1.6242 

5.1026 

52 

39 

4.0482 

1.2867 : 

4.9866 

4.0416 

1.5890 

4*9920 

51 

40 

4.1010 

1.3054 

4.8873 

4.1012 

1-5557 

4.8874 

50 

41 

4.1626 

1.3250 

4.788s 

4.1540 

1.5242 

4.7884 

49 

42 

4.2273 

1,3456 

4.6949 

4.2272 

1.4944 

4.6948 

48 

43 

4.2956 

1.3673 

4.6065 

4.2956 

1.4662 

4.6062 

47 

44 

4.3671 

I. 3901 

4.5223 

4.367s 

1.4395 

4.5225 

46 

45 

4.4428 

1.4142 

4.4428 

4.4428 

r.4142 

4.4428 

4 S 
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be seen by trying an So-degree angle. Here tbe circular pitch is 
2.261 inches. 

Testing and Adjusting Spiral Bevel-Gear Drives^ 

The proper adjustment of bevel gears in assembly is a vital factor 
in obtaining quiet and durable gears. 

There are two distinct considerations in obtaining the proper 
tooth contact: one is the bearing along the tooth, the lengthwise 
bearing; the other, the bearing up and down the tooth, or profile 
bearing, and it is essential that the two be considered separately to 
obtain the proper results in combination. Diagram shows terms 
used. 

Graphic definitions of the terms used in describing the proper 
procedure to mount a pair of bevel gears are given herewith. 

Bevel gears are cut with a predetermined amount of backlash to 
suit the pitch and operating conditions, and this backlash should 

Outward Movement 
oFP/nhn 



[I not be altered by any great amount to obtain the proper tooth 

I contact, as the necessity of such a step indicates a fault either in 

I I the cutting or in the alignment of the supporting bearings. The 

1 1 usual amount of blacklash is from 0.004 inch on 8-pitch gears 

11 to o.oi 2 inch on 3-pitch gears. 

j';} Bevel gears mounted in a rigid testing machine should show a 

1 1 bearing toward the small end of the tooth, and the amount the 

j I bearing favors the small end is determined experimentally by the 

|j I stiflFness of the mounting in which the gears are to be finally assem- 

|l I bled. Any spring in the mounting of the gears under load will cause 

!, I the bearing to move toward the large end, and in no case should the 

1 1 bearing be heaviest at the large end of the tooth under the operating 

II load. Any extra load;^ such as induced by suddenly applying the 

II full load, will cause the bearing to become concentrated on the top 

1 1 corner of the large end of the tooth and breakage will ensue. The 

II figures below show typical tooth bearings as obtained in a testing 

|| I 1 By permission of the Gleason Works, Roehester, N. Y. 
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machine and when mounted in an automobile axle, also the effect of 
spring in the mounting on the apexes of the gear and pinion. It will 
be observed that the apexes do not coincide when the gear mount- 
ing has sprung under the working load. Therefore, when cutting 
the gears, it is necessary to make provision for this lift or spring. 

Bevel gears are commonly cut to run flush at the large end of 
the teeth and, as a first step, they should be so assembled in the 
mounting for an initial trial. Powdered red lead and any light 
machine oil should be mixed and spread over the working surfaces 
of the teeth with a brush to show clearly the tooth contact obtained. 

There is no difference in the method of adjusting spiral or straight 
bevels, and, while the following statements are particularly appli- 
cable for spiral bevels, they are also true for straight bevels. 

After mounting the gears flush with the proper amount of back- 
lash, they should be operated under load in each direction for a 
minute. In the automobile rear-axle driving gears, the rear axle 
should first be raised to have the wheels clear the floor, then the 



Fig. 22.— Effect of Mounting 


motor started and the wheels driven in both directions with the 
brakes applied to obtain the necessary load. 

All figures show the bearing on the gear tooth. With a right- 
hand spiral bevel gear (mating with a left-hand spiral pinion) 
mounted in an automobile, the driving side is on the convex side of 
the tooth, and the concave side of the tooth is used when in reverse. 

The tooth bearing, both lengthwise and profile, should appear as 
shown in A and B, Fig. 23, but a condition of tooth contact may 
be obtained, as indicated in C to N. The lengthwise bearing 
adjustments will first be considered. 

Figures C and D show what is called a cross bearing, which is 
caused by either a misalignment of the mounting or an error in the 
cutting. The mounting should be tested and, if found faulty, 
should be corrected. If the drive side has a toe bearing and the 
reverse a heel bearing, the gears are serviceable, provided the bear- 
ing is about five-eighths of the tooth length, but if the heel bearing 
occurs on the drive side, it should not be used, and the cutting 
conditions should be altered if the mounting is found correct. 

Figures E and F show a toe bearing on each side of the tooth and 
the gear must be moved away from the pinion to increase the length- 
wise bearing, which, on ratios i :i to approximately 4:1, will change 
the profile bearing to some extent and an adjustment of the pinion 
may be required. This movement of the gear will introduce more 
backlash, and the gear cutting should be changed in order to prop- 
erly locate the bearing if this increase in backlash becomes excessive. 
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Figures G and show a heel bearing ..on both sides, and the gear 
must be adjusted toward the pinion to increase the lengthwise 
bearing, which, on ratios i :i to approximately 4:1, will change the 
profile bearing to some extent and an adjustment of the pinion may 
be required. 

Figures I and / show a low bearing on gear tooth which may 
appear at any position along the tooth. The pinion should be 
moved away from the gear, and on ratios i:i to approximately 4:1, 
the gear should be moved toward the pinion to maintain .the proper 
backlash. This movement of the gear will alter the lengthwise 
bearing, and several adjustments for both lengthwise and profile 
bearing may be required to obtain the proper tooth bearing. 

Figures K and / show a high bearing on gear tooth which may 
appear at any position along the tooth. The pinion should be 
moved toward the gear, and on ratios i:i to approximately 4:1, 
the gear should be moved away from the pinion to maintain the 
backlash. This movement of the gear will alter the lengthwise 
bearing and several adjustments for both lengthwise and profile 
bearing may be required. 

Figures M and N show a lame bearing. It is possible to adjust 
the gears and obtain a fair driving condition, as shown at Fig. 23, 
but a poor coast or reverse. The only method of completely 
eliminating the trouble is to cut the gears properly. 

It must be borne in mind that the adjustment cited should be 
moderate, and if great amounts of adjustments are needed, the 
mounting and gear cutting must be carefully checked and the 
necessary steps taken to correct trouble in the making of the gears 
or mounting. The convex side of tooth should drive. 

TOLERANCES IN GEARING 

The tolerances (Table 20) were proposed by Harry Horsihgton, 
ordnance engineer at Rock Island Arsenal, in 1925. It is suggested 
that a very flexible feeler be used as a “not-go^’ gage in testing 
backlash in spur gears. 

It should be remembered that manufacturing tolerances of gages 
must be considered which will reduce the actual component or 
work tolerance. It will be observed that, in the tables shown, the 
clearances between the shafts have not been considered. Allowance 
has been made in the tables for close work and in order that the 
necessary oil film in the bearing will absorb part of the essential 
bearing clearance and the remainder will take care of the tolerances 
inthe gages. It should also be remembered that these tables are for 
production work and that closer fits may be secured by special 
fitting or selective assembly. 

Speeds and Feeds eor Gear Cutting 
Brown & Sharpe Mfg. Co. 

Feet PER Minute 


Carbon-steel cutters on cast iron. . ..... . ... .... 40-60 

Carbon-steel cutters on steel. . .... . ... . . ....... 30-40- 

High-speed steel cutters—cast iron. ... .... .... 80-125 

High-speed steel cutters — steel 65-100 



^ Table 20. — Proposed Tolerances eor Spur Gears and Supports 

Twenty-degree involute, closest practical work on production basis, presupposing high speed, hardened and 
ground gears or accurately cut gears. 
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Allowable Variation 
from Theoretical 
Center Distance of 
One Gear and Cor- 
rect Master Rack 

—0.0027 0.0061 

0.0027- 0.0061 

0.0021- 0.0055 
0.0017- 0.005 

0 . 0014- 0 . 0044 
0.0014- 0.0036 
0.001 - 0.0031 

0.001 - 0.0031 
0.0007- 0.0027 
0.0007- 0.0027 
0.0005— 0.G026 
0 . 0005- 0 . 002 
0.0015 
0.0015 

Greatest 
Allowable 
Backlash in 
Pair, 

Assembled 

_ ^ lo lo fo 

M 0 OnoO f>.'0 0 10 v> '<4- -ct fo 

HHHOOooooooooo 

00000000000000 

0 0* dodo d d d d d d d 0 

Backlash Re- 
sulting from 
Maximum 
Center 
Distance 

(N 0 OOOOOOOCO tOlOH ^s.vO 

wc<(nhhhhmmhOOOO 

88888888888888 

0 d d d d d d d d d d d d 0 

Necessary Al- 
lowed Varia- 
tion in Center 
Distance 

10 10 

to 

88888888888888 

0 0 0 0 0 do 0 0 0 0 0 0 0 

T” 

Maximum 
Amount Each 
Tooth Space 
is Widened, 
Including Half 
Clearance 

to to 

toto 'O’N'OWW 0\r**f0C^ 

■<4' fO ro cs « w H H H H 

88888888888888 

0 o' d d d d o' d d d d o' d d 

Allowable 
Variation 
in Each Gear 

.10 

lOtrjtocoC^vOtotOtOtoto 

88888888888888 

00000000000000 

Running 
Clearance Ex- 
pressed as 
Backlash 

0 . 004 
0.004 
0.003 
0.0025 
0.002 ’ 

0 . 002 
0.0015 
0.0015 
0.001 

0.001 

0.0008 

0.0008 

0.0006 

0.0004 

Diameter 

Pitch 

00 

^ . ''to, ■ H 

csi c** >0 CO to\o t^oo o\ 0 4*0 

. H M, H, <N ' 



Table 21. “Proposed Tolerances eor Sfdr Gears and Supports 
Twenty-degree involute, ordinary conditions with cut gears — ^not hardened. Good center distance fixtures. 
Assembling without fitting or selection. Suitable for gun-carriage elevating and traversing-gear trains. 
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Allowable Variation 
from Theoretical 
Center Distance of 
One Gear and Cor- 
rect Master Rack 

In. H N Tf « fo i>» to Os'-© <N 

0 00 10 ito t}- CO to w W 

S88888888888 

ooodoododooo 

1 

<N i-., jk (kols -Ir w oL i!o to ^ 

VOtOCOMWHHHOOOO 

QOQOOQQQOOOO 

000000000000 

ooooooooodoo 

1 

Greatest Re- 
sulting Back- 
lash in Pair, 
Assembled 

W CO On On 

H J>. to •'t- W 0 00 JC^NO to rt CO 

c^hmwhwOOOOOQ 

OOOOOOOOOOOO 

000000000000 

Backlash Re- 
sulting from 
Maximum 
Center 
Distance 

H OnWOOOO totOH 

lOrtri’tOWMHWHWHO 

8 8 8 8 8 8 8 8 8 8 8 8 
d d d d d d d d d d d d 

Necessary Al- 
lowed Varia- 
tion in Center 
Distance 
of Shaft 

-f-0.007 

0.0065 

0.006 

0,005 

0.0034 

0.003 

0.0025 

0.0025 

0.002 

0.002 

0.0015 

0.001 

Maximum 
Amount Each 
Tooth Space 
is Widened, 
Including 
Clearance in 
Column 2 

-I-0.0078 

0.0063 

0.0052 

0.0045 

0.0039 

0.0038 

0.0031 

0.0027 

0,0024 

0,0021 

0.0019 

0 . 0016 

Allowable 
Variation in 
Width of 
Space. Either 
Gear 

CO to to to to to H onoo t>. to <n 
c^«n<n<ncmcj<nhhhhh 

888888888888 

dooooooooood 

Running 
Clearance Ex- 
pressed as 
Backlash, In 
Pair 

0.010 

0.0075 

0.0054 

0.004 

0.0028 

0.0026 

0.002 

0.0017 

0.0012 

0.0008 

0.0008 

0.0008 

Diameter 

Pitch 

to 

M N CO CO 'OVO i >.00 On 0 cni 

H. M. 
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The most economical feed is not the fastest which tlie cutter will 
stand without burning or breaking. This is due to the fact that 
with a very high rate of feed the cutter must be ground frequently, 
and this consumes considerable time. There is also the risk of a 
ruined cutter. A slightly slower feed in such a case will not greatly 
decrease the rate of production, but it will, on the other hand, 
allow the cutter to hold its edge much longer. The result will 
be that the net production per cutter will be greater at the slower 
feed, and the production per day will be as great. This reduces 
the cutter cost, inasmuch as the cutters last much longer under the 
slightly slower feed. 


Diameter Pitch 

2 

2^ 

3 

4 

5 

6 

7 

8 

id 

12 

16 

Peed in inch- 

1 

Cast iron. ...... ^ 

4 

4, 

4l 

S 

6 

6 

7 

7 

8 

9 

II 

es per min- 
ute 

Steel 

2i 

2i 

3 

3 

3l 

zi 

4l 

4§ 

5 

6 

8 


Grinding Gear Teeth.— Gear teeth have been ground for many 
years, but the practice was not common until some automobile 
builders adopted it for transmission gears. There are several 
types of machines: one using a wheel shaped to the space between 
the gear teeth, grinding both sides at once; another using the per- 
pendicular side of a thin wheel, the gear being roiled past the wheel 
and the outside of the wheel being set to or near the bottom of the 
tooth space; another, using a wheel shaped like a theoretical rack 
tooth, grinding both sides at once; and stiU another, grinding with a 
narrow edge at the side of the wheel. Two of these machines use 
bands, a third uses a master gear and rack, and the fourth operates 
much as the conventional rotary-type gear cutter. These machines 
correct the distortion due to hardening and can produce a true tooth 
form. 

Shaving, Burnishing, and Lapping Gears. — Machines have been 
developed for shaving gear teeth after cutting to improve both 
contour and surface before hardening. Shaving tools are either 
hardened racks or hard gears with fine serrations on the teeth. 
Fellows, Michigan, and National machines are used. 

Gears are also burnished by being run under pressure with hard- 
ened master gears. In some cases, gear teeth are lapped after 
hardening by running mating gears together with a fine abrasive 
compound, but this is not common practice. They are also lapped 
by reciprocating inside an internal gear of same size and pitch. 

Spline Hobbing.— Spline hobbing experience seems to apply in 
gear hobbing as well. R. B. Haynes finds that 

1. Climb bobbing always yields a finish on the sides of tbe splines obvi- 
ously superior to that obtainable by conventional cutting. This superiority 
is observed so easily that customers, during the early stages of the application* 
brought much pressure to bear to hasten the completion of the project. 

2 . Climb hobbing is accompanied invariably by an increase in hob life. 
This increase normally amounts to from 20 to 30 per cent more pieces 
per hob. 
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3. Climb bobbing consumes less power per cubic inch of metal removed. 
This decrease normally will be in the ratio of i.oo horse-power for climb 
bobbing to 1. 10 horse-power for conventional bobbing. 

4. CUmb bobbing produces little or no burr on the splines, thereby 
reducing, or in some cases eliminating, subsequent burring operations. 

5 . The value of climb bobbing as a production process is not affected 
materially by coolants, speeds, feeds, or other factors in the operation, 

Nomnetallic Gear (Composition Gears). — ^Many gears are now 
made of rawhide or a cotton fabric impregnated with compositions 
of the Bakelite order and are made under several well-known 
trade names. They reduce noise when meshed with metal gears 
and are sufficiently elastic to cushion shocks that might break 
cast-iron gears. They are quite effectively impervious to oil or 
water but should not be run in water. 

The composition can be machined much like metal, but much 
faster. In sawing, a band saw with s| teeth per inch and 0.04 inch 
thick is suggested. Drills will cut a trifle small and heat and are 
frequently ground off-center to prevent this. Reamers tend to 
leave holes from 0.001 to 0.002 below size. 

Cutting off or trepanning tools should have plenty of side clear- 
ance. An 8-degree clearance behind the cutting edge and 5- to 
lo-degree top rake are recommended. 

A cutting emulsion is sometimes used in drilling and reaming. 

The teeth of composition gears without metal backing can be 
cut at a very fast rate. It is best to have a support at the back of 
the gear to support the rim as the cutter or holes break through. 

NONMETALLIC GEARS AND PINIONS! 

Preferred Pitch 

The pitch of the gear or pinion should bear a reasonable relation 
to the transmitted horse-power and speed, or to the applied torque. 

Two preferred pitch tables are given, their choice being optional. 
Table 23 is based on the horse-power load at a given pitch-line 
velocity, while Table 24 is based on the applied torque. 

The torque used in Table 24 is the pounds torque at a i-foot 
radius, which for any given horse-power and speed can be obtained 
from the formula; 

T ^ 

r.p.m. 

These preferred-pitch tables are applicable to both rawhide and 
phenolic laminated materials. 

Bore Sizes 

For plain phenolic laminated pinions, that is, without metal end 
plates, a drive fit of 0.001 inch per inch of shaft diameter should be 
used. Above 2.5 inches diameter shaft, the fit should be constant 
at 0.0025 to 0.003 inch. 

Where metal reinforcing end plates are used, the drive fit should 
be of the same standard as used for metal. 

1 AdoiDted as recommended practice by the American Gear Manufacturers 
Association. 






BORES AND KEYWAYS 


Table 23 



* Pitch-line velocity. 


Table 24 


Torque in Foot-Pounds 
Minimum and Maximum 


4 SO- 100 . 

3 100- 200 

2I 200- 450 

2 450- 900 

900-1,800 

I 1,800-3,500 

Relation of Bore to Pinion Diameter 

The root diameter of the pinion of phenolic laminated type should 
be such that the minimum distance from the edge of the keyway 
to the root diameter shall be at least equal to the depth of tooth. 

For rawhide pinions, this point is covered under the American 
Gear Manufacturers Association, Adopted Standard for Rawhide 
Gears,” revision of 1933. 

Keyway Stresses 

On a plain phenolic laminated gear or pinion, the key way stress 
should not exceed 3,000 pounds per square inch. 

The keyway stress is calculated by the formula 

^ 33,000 X H.P. 

P.L.S. X A 

If the key way stress formula is expressed in terms of shaft radius 
and revolutions per minute, it will read: 

_ 63,000 X H.P. 
r.p.m. XfXA 
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where 5 = unit stress, in pounds per square inch. 

H.P. =5 horse-power transmitted. 

P.L.S. — peripheral speed of shaft in feet per minute. 

A == area of keyway in pinion, in square inches. Length by 
height. 

r = shaft radius. 

When the design is such that the key way stresses exceed 3,000 
pounds per square inch, metal reinforcing end plates may be used. 
Such end plates should not extend beyond the root diameter of the 
teeth. The distance from the outer edge of the retaining bolt to 
the root diameter of the teeth shall not be less than a full tooth 
depth. 

The use of drive keys should be avoided, but if required, metal end 
plates should be used on the pinion to take the wedging action of 
the key. 

Mating Gear 

The mating gear shoqld be of cast iron or hard steel. Soft steel, 
brass, or soft bronze should be avoided. The teeth should be cut 
and in good condition for best results. 

For phenolic laminated pMons, the face of the mating gear 
should be the same as, or slightly greater than, the pinion face. 

A.G.M.A. FORMULA FOR COMPUTING THE HORSE-POWER 
OF NONMETALLIC SPUR GEARS COMPOSED 
OF LAMINATED PHENOLIC MATERIALS 
OR RAWHIDE 

Adopted May, 1926 — Revised May, 1927 
_ 0.00009s X S.W.S. X F.W. X F X P.L.V. 

D.P. 

where H.P, = horse-power. 

S.W.S. == safe working stress of material (varies with speed; see 
value of S.W.S. in table following). 

F.W. = face width in inches. 

F — constant depending upon number of teeth (see values 
of F in table following). 

P.L.V. = pitch-line velocity in feet per minute. 

D.P. = diametral pitch. 
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Values of S.W.S. for Pixcn-LiisrE Speed lEf Feet per Minute 


P.L.V. S.W.S. P.L.V, S.W.S. 



... 1 . . . 




4 .SOO 

700 

2,500 

1,700 

1,974 

4,071 

800 

2,400 

1,800 

1,930 

3,750 

900 

2,318 

1,900 

1,929 

3.500 

1,000 

2,250 

2,000 

1,909 

3,300 

1,100 

2,192 

2,200 

1,875 

3,136 

1,200 

2,143 

2,300 

1,860 

3,000 

1,300 

2,100 

2,400 

1,846 

2,885 

1,400 

2,063 

2,600 

1,821 

2,786 

1,500 

2,029 

2,800 

1,800 

2,625 

1,600 

2,000 

3,000 

1,781 


6,000 pounds was used as the safe working stress for static load 
and with the fornaula 




in the table. 


Values of F 

14I- and 20-degree Involute 



i 4 r 

2C 

0.100 

0.3 

0.102 

0. 

0. 104 

0. 

0,107 

0.3 

O.IIO i 

0. 

O.II 2 1 

0.3 

0.XI4 

0. 3 

0.II6 

0.3 

0,118 i 

0.3 

0.120 

0.3 

0.122 

0. 3 

0.124 

0.3 


Values for F same as used in Lewis formula. 

The formula was derived from the Lewis formula for horse-power 
as follows: 

H.P. - WX PX.V. 

35,000 

IF - S.WpS, X C.P, X F.W. X F. 
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Substituting 
HP. = 


S.W.S. X C.P. X F.W. X T X P.L.V. 


Changing C.P. to D.P. 


33,000 


H,P. = 


D.P. 


(S.W.S, X F.W. X T X P.L.V.). 


Clearing fractions 


SS,ooo 


„ „ 0.00009s X S.W.S. X F.W. X T X P.L.V. 

H.P. 


THREADS OF WORMS 

Worms are often cut with threads having an included angle of 
29 degrees similar to the Acme thread. This is true for single and 
double threads in particular, but for worms, for a greater number 



of threads, 40-degree included angle, and sometimes a 60-degree 
included angle, is used. It is also a common practice to use a 
straight-sided cutter of the respective included angle for the worms, 
and in this case the worm-thread sides will be curved and will not 
be like the cutter. 

The design of worms is intimately involved with the worm gears 
with which it is to run and also with the hob with which the gear 
is cut, and while a few simple rules cannot cover them, the recom- 
mended practices of the American Gear Manufacturers Association 
will answer for most worms and gears. 

The general industrial range is from i to 2 inches linear pitch, 
from single to quadruple and from 10:1 to 100:1 gear ratios. The 
standard-thread form is that produced by a straight-sided milling 
cutter of not less than the outside diameter of the worms or more 
than I i diameters. For single- and double-thread worms the side 
angle of cutter is 14I degrees, and for triple- and quadruple-thread 
worms the side angle is 20 degrees. Single- and double-thread hobs 




Terms | Symbols I Single and Double Triple and Quadruple 
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To find the pitch and root diameters of any worm, see data on Worm Threads on page si. For P.D. deduct 0.6366 X D.P, 
Lches from O.D. For R.D. deduct 2 X 0.6866 X L.P. in inches and add 0.005 in clearance on each side — or o.ox in. total. 
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may be fluted parallel to axis. Triple- and quadruple-thread hobs 
should be fluted normal to the thread angle at outside diameter. 
Standard linear pitches in inches are: 

i A, iv i i i, I, li, if, 2. 

These, with multiple-thread worms, give 44 worms for various uses. 
Formulas for worms and worm wheels follow. Proportions are 
shown in Fig. 22. 

Example. — What are the dimensions of a i inch linear pitch 
double-thread worm which engages with a 50-tooth gear? 

Symbol Formula ^ Dimension 

L.P. Predetermined as i in. 

P.D. = 2.400 X I 4 - 1. 1 or 3.5 in. 

O. D. = 3.036 X I 4 - or 4.136 in. 

R.D. = 1.664X14-1.1 or 2.764 in. 

H.D. = 1.664 X I -j- I or 2.664 in. =■ 

max. B.D. » 14-0.625 or 1.625 

P. L. « i or S-S m. 

H.E. « L.P. or I in. 

H.L. « S.S -h 2 X I or 7-S m. 

Ky. « To A.G.M.A. Std. 

A. =1 0.318 X I or 0.318 in. 

W.D. « 0.686X1 or 0.686 in. 

cot V.L. 3-5 ^|:i4i6 or 0.49785 “ 10 degrees 19 minutes 

N.T.T. “ 0.5X1X0.9838 or 0.4919111. 

T.Ro. “ 0.05 X I or 0.05 in, 

L. <=» I X 2 or 2 in. 

V.N.P. » Predetermined as 14^ degrees 

FORMULAS FOR STANDARD WORM GEARS 

The proportions recommended for worm gears are based on the 
gears meshing with standard worms. 



Table 26 . — Formulas for Gear 
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Circular pitch = (Worm Linear) 
Number of teeth 

Pitch diameter 

Throat diameter 

Outside diameter 

Hub diameter 

Ke;^ay 

Face width 

Hub extensions 

Hub length 

Radius of wheel face 

Radius of wheel rim 

Edge round 

Center distance 

Normal pressure angle 
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Example.— What are the dimensions of a i in. linear-pitch gear 
having 50 teeth and engaging with a double- thread worm? The 
bore is 2 inches. 


Symbol Formula Dimension 

L.P. Predetermined i in. 

N. Predetermined so 

P.D. = 0.3183 X I X SO or IS.915 in. 

T.D. = 1S.91S + (0.636 X i) or 16.S51 in. 

O.D. = 16.SS1 + (0.477s X i) or 17.028 in. 

H.D. = 1.87s X 2 or 3.7S0 in. 

Ky. = A.Cj.M.A. Std. or | X i in. 

F.W. = 2.38 X I + .2S « 2.63 or 2f in. 

H.E. = 0,2s X 2 « o.s in. 

H.L. =» 2.62s + o.S X 2 = 3.62s in. 

R.Pa. = 0.882 X I 4* o.SS ^ 1*43 or 

R.Ri. = 2.2 X I + o.SS = 2.7s or 2| 

E.Ro. = 0.2s X I “ 0.2s in. 

Ct.D. « 1S.91S + 3*5 X o.S = 9.707 in. 


Face of Wheel 

For wheels engaging with single- or double-thread worms, the 
width of face should not be greater than the chord of the worm 
outside circle which is tangent to the worm pitch circle plus one- 
half of the linear pitch. For wheels engaging with triple and 
quadruple thread worms, the width of face should not be greater 
than the chord of the worm outside circle, which is tangent to the 
worm pitch circle plus one-quarter of the linear pitch. 


Outside Diameters 

For wheels meshing with single- or double-thread worms: 

O.D. = P.D. -f (3.5 X ^). 

For wheels meshing with triple or quadruple thread worms, where 
the pressure angle is 20 degrees or greater: 

O.D. = P.D. + (3 X ^). 

For wheels meshing with triple or quadruple thread worms, where 
the pressure angle is less than 20 degrees: 

O.D. = P.D. + (2.75 X ^). 


Worm Pitch Diameter 

The worms, of course, must be made to correspond to the pitch 
diameter of the hob in order to secure proper contact. 

Length of Worm Face 

The length of the worm may be made in accordance with the 
formula for standard worms: 

F,t.-L.P.x(4.5+|). 
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The hub extensions may be made in accordance witb the formula: 

H.E. =L.P. 

TOP ROUND OF WORM THREAD 

The radius which joins the outside and the sides of the rim of 
the wheel has been called the top round, and it is recommended that 
this be made equivalent to one-quarter the linear pitch. 

Figures 26 and 27 show application of recommendations. 

The top edge of the worm thread should in all cases be rounded 
to avoid cutting action in case the gears are not mounted on exact 
theoretical centers. The amount of the rounding may be made 
equivalent to 0.05 of the linear pitch. 

A.G.M.A. Recommended Practice for the Design of Worm Gearing : 
Using Existing Hobs 

For wheels meshing with single- or double-thread worms: 

F.W. » 2 X V(P.Dw. + A) X A + (0.2s X L.P.) 

. -1- X A -i- (o.s X L.P.) 

S X A 



Fig. 26 Fig. 27 

Designs of Worm Gearing 

For wheels meshing with triple- or quadruple-thread worms: 
E.Ro. = 0.25 X L.P, 

Where the pressure angle is 20 degrees or greater: 

O.D. = P.eg + 2.7s X A. 

Where the pressure angle is less than 20 degrees: 

=P,Dg. + 3XA, 

(See Lead Gears for Diametral Pitch Worms, Sec. I. 
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Wom/L Am WORM GEAR TOLERANCES 

The standard practice adopted by the American Gear Manufac- 
turers Association, but subject to periodic revisions, is intended to 
form a practical basis upon which gears can be manufactured, 
inspected, sold, or purchased, although it is not necessarily a rigid 
specification. It is emphasized that ultimate performance is the 
final criterion in the acceptance or rejection of gears, regardless of 
{ whether they meet arbitrary tolerances. In other words, if gears 
i run smoothly and carry their rated load without breakage or 
I appreciable wear, they will be acceptable for many applications. 

I But when gears fail to perform satisfactorily, definite inspection 
I methods and tolerances are invaluable in locating the cause, 
j An important consideration is that of the relation of cost to 
I accuracy. Production of gears to the closer tolerances always costs 

; more. In some instances stipulation of the closest tolerances when 

j they are not needed may result in a cost several times what it 
J should be. 

I Profile errors of worm gear teeth cannot be measured directly 
because of the change in pressure angle across the face of the gear. 

So reliance is placed on observation of contact with a master worm 
or with a mating worm. This places responsibility on the judg- 
ment of the inspector. 

i The pitch range considered is from | to 4 axial pitch, arranged in 
geometrical progression, such as |, i, i, i, 2 and 4. Tolerances for 
other pitches may be interpolated. The types of errors considered 
are runout, pitch error, accumulated error, and required initial area 
of contact. 

Pitch Error 

I Pitch error of a worm is the maximum difference between any two 
successive tooth-to-tooth readings in an axial plane between corre- 
sponding sides of adjacent teeth. It refers particularly to multiple-# 
thread worms because it indicates the spacing error between 
successive threads. 

[ In checking pitch errors of multiple-thread worms, an axial plane 
has been selected as the plane of measurement. Readings may be 
taken directly in this plane if the lead angle is low, but at higher 
angles it is preferable to set the indicator and finger to read in a 
i plane normal to the threads, and to convert the readings to an axial 
; plane for purposes of comparison and standardization by dividing 
i by the cosine of the lead angle. 

I Another method involves the use of master gage blocks to meas- 
“ ure directly from one tooth to another in an axial plane. 

! Pitch error of a worm gear is the maximum difference between 
any two successive tooth-to-tooth readings taken in the plane of 
rotation at the pitch circle between corresponding sides of adjacent 
I teeth., : 

Profile Error 

; Profile error of a worm tooth is the difference between the highest 
j and lowest readings of a dial indicator moving along a path repre- 

1 /'■.I 



* All readings in ten-tjiousaiidtlis of an indi. 
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senting the desired tooth form. It may be measured in an axial or 
normal plane depending upon the basic tooth form selected. 

A considerable departure in form may be acceptable on a worm, 
provided a corresponding departure is present on the mating worm 
gear, as indicated by the area of initial tooth contact. Frequently, 
the form of the worm or the worm gear hob teeth are intentionally 
modified with respect to each other to concentrate the tooth con- 
tact away from the top and bottom of the teeth. This should be 
given consideration in applying the profile tolerances, because 
obviously if there is a satisfactory contact between a worm and gear 
the profile error may be ignored. 

1 Profile error is substantially independent of worm diameter, 
j Lead Error 

i Lead error of a worm is expressed either as the total variation in 
lead for one convolution, or in the total length of the worm. In the 
latter case it is assumed that the worm is a reasonable amount longer 
than the minimum necessary to attain proper length of contact, in 
i accordance with good design. 

Accumulated Error 

I Accumulated error of a worm gear is the maximum accumulation 
of pitch errors obtained by algebraic addition of tooth-to-tooth 
1 pitch errors. 

i In deriving the accumulated error, the tooth-to-tooth pitch errors 
must be corrected with reference to the true pitch. 

Unless otherwise specified, accumulated error is checked over 
the entire 360 degrees, and expressed as the maximum error between 
any two teeth. ^ In some cases it is measured only for one-half or 
one-third of a circle, and occasionally tolerances are set for accumu- 
lation over any three or four adjacent teeth. 

Required Initial Area of Contact 

; The initial area of contact between a worm and worm gear is 
determined by operating the set at proper center distance, and side 
I and angular relations, under average operating loads for a short 
I time, then observing the contact on all the worm gear teeth. If 

; means are not available for operating a worm and worm gear under 

load, the contact area must be judged by hand testing. In either 
case, the percentage of contact is a matter of judgment by eye, 
because precise methods of measuring such areas are not available. 

If the set is to operate in one direction only, then the contact need 
be checked only on the one set of profiles. 


1 
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LINK-BELT SILENT-CHAm BIOVE BATA 

Link-Belt silent ckains may be run with equal efiSciency in either 
direction and are reversible. 

Where exceptionally quiet drives are required, use wheels with 
23 or more teeth, short pitch, wide chain; also recommended are 
encasing and running in oil. 

Most practical and economic chain speeds are between 1,000 and 
\ 1,600 feet per minute. 

I For drives under 1,000 feet per minute use roller chain; for drives 
over 1,600 feet per minute, submit your problem to the makers. 

Minimum center distance equals four-fifths difference in diameter 
I of wheels. ■ ' 

I Speed ratios up to 15:1 are economical and practical. Higher 
i ratios are possible, but a double reduction or speed reducer is more 
desirable for large ratios. 

I Lubrication of chain is essential; always use a good grade of oil. 
Bo not use grease. When run in oil bath the lowest point of the 
chain, while operating, should be immersed about i inch. 

Duplex or “back type’’ silent chain is arranged for operating 
sprocket wheels on both faces of the chain, permitting the operation 
of wheels either clock- or counterclockwise in the same drive. 

Any number of sprockets may be employed on either side of a 
single duplex chain. It is recommended that not less than a 90- 
degree arc of contact be provided for. 

The automatic adjustment and vibration damper maintains 
; the correct operating tension on a chain drive, creating an ultra- 
smooth operation. It is especially desirable on fixed-center drives 
with the duplex chain. 

Recommendations for Design 

It is desirable to have an even number of links in the chain and 
an odd number of teeth in the sprockets. 

Use sprockets with more than 130 teeth only when necessary for 
large speed ratios. 

' Adjustable centers are desirable but not always necessary. 

For very short centers without adjustment the pulling strand 
should be on top. 

For pulsating loads, such as compressors, spring sprockets are 
I advisable unless sufl&cient flywheel is provided to maintain fairly 
j uniform rotation. 

^ For occasional sudden overloads, shear pin sprockets should be 
; used to safeguard the drive and all the machinery. 

1 Approximate weight of chain per foot per inch of width equals 
two times the pitch. 
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Table 3o« — M orse Chain Drives 

The distinctive feature of construction is ^e rocker joint which provides rolling instead of friction in the joint. 
While 1,500 ft. minimum is common, much higher velocities are good practice under favorable conditions. 

Data to Be Used in Design oe Morse Chain Drives 
With Small Sprocket Driver 
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STAKDARB ROLLER CHAIN DIMENSIONS 


Roller diameters are approximately f P. 

Widths,— UlciQ width, is defined as the minimum distance between 
the inside plates. In the wide series the width is the nearest binary 
fraction to f P. In the narrow series it is the nearest binary frac- 
tion to 0.41 P. The narrow chains are seldom used and are not 
recommended except for unusual cases. 

Pin diameters are approximately P or one-half of the roller 
diameter. 

Thickness of inside plates for the standard series is approximately 

iP. 



Table 3 2. —General Chain Dimensions 



Standard Series 

Extra 

Heavy 

Series 

Pitch 

P 

Roller 

Diam- 

eter 

A 

Width 

I W 

'Pin 
! Diam- 
eter 

B 

Thick- 
ness of 
Inside 
Plate 
H 

Test 

Load, 

Lb. 

Meas- 
; nring 
i Load, 

! Lb. 

Stand- 

ard 

Chain 

No. 

Thick- 
ness of 
Inside 
Plate 
H 

f 

0.200 


0.141 

0.050 

S 5 S 

17 

35 N 


i 

A 

A 

0.156 1 

0 . 060 

740 

23 

40 


I 

0.400 

t 

0.200 

0.080 

1,400 

44 

SO 


1 


1 1 

0.234 

0.094 

2,018 

63 

60 

0 . 125 

I 


I 

0.312 

0 .I 2 S 

3,820 

119 

80 

0.156 


f 

1 

0.375 

0.156 ! 

5,626 

176 

100 

0.187 

i| 

1 

I 

0.437 

0.187 

7,760 

. 242 

120 

0.219 

If 

I 

I 

0.500 

0.219 

10,220 

319 

140 

0.250 

2 


If 

0.562 

0.250 

13,008 

406 

160 

0.281 

2} 


If 

0.781 

0.312 

25 , 34 P 

792 

200 

0,375 

3 

1.90 

^.i| 

0.937 

0.375 

36,634 

1,14s 

240 

0.500 


P.D. of sprocket == P 


jgo® 

sin -j;— > where P is the pitch, and T is 


the number of teeth. 

Bottom diameter of sprocket 


P.D. — roller diameter. 


/ i8o^\ 

O.D. of sprocket (minimum) == Pf 0.6 cot -^ j- 
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Table 33.— Standabb Pitcb: Diameters and Outside Diameters 
OF Sprockets, i-Inch Pitch Roller Chain ‘ 

For other pitches multiply these values by the pitch. 

To obtain bottom diameters subtract diameter of chain roller 
from pitch diameter. 

(AU Dimensions in Inches) 


No. 

Teeth 

Pitch 

Diam- 

eter 

Out- 

side 

Diam- 

eter 

No. 

Teeth 

Pitch 

Diam- 

eter 

Out- 

side 

Diam- 

eter 

No. 

Teeth 

Pitch 

Diam- 

eter 

Out- 

side 

Diam- 

eter 

6 

2.0000 

2.332 

46 

14.6536 

IS. 219 

86 

27.3807 

27.962 

7 

2 . 3048 

2.677 

47 

14.9717 

15.538 

87 

27.6989 

28.281 

8 

2.6131 

3.014 

48 

15.2898 

15.857 

88 

28.0171 

28.599 

9 

2.9238 

3.347 

49 

15.6079 

16. 176 

89 

28.3354 

29.918 

10 

3.2361 

3.678 

SO 

15.9260 

16.495 

90 

28.6536 

29.236 

11 

3.5495 

4.006 

SI 

16.2441 

.16.813 

91 

28.9718 

29.554 

12 

3 . 8637 

4-332 

52 

16.5019 

17.132 

92 

29.2900 

29.873 

13 

4.1785 

4.657 

S 3 

16.8803 

17.451 

93 

29.6082 

30.191 

14 

4.4940 

4.982 

54 

17.1984 

17.769 

94 

29.9264 

30.510 

15 

4.8097 

5.305 

55 

17.5166 

18.088 

95 

30 . 2446 

30.828 

16 

5 .I 2 S 9 

5 . 627 

S6 

17.8347 

18.406 

96 

30.5628 

31.146 

17 

5.4423 

5.950 

57 

18.1529 

18.72s 

97 

30.8811 

31. 40s 

18 

5.7588 

6.271 

S8 

18.4710 

19.044 

98 

31 . 1994 

31.783 

19 

6.0756 

6.593 

59 

18.7892 

19.363 

99 

31.S177 

32.102 

20 

6.392s 

6.914 

60 

19.1073 

19.681 

100 

31.8360 

32.420 

21 

6.7095 

7.23s 

6 r 

19.4255 

20.000 

lOl 

32.1543 

32.739 

22 

7 . 0266 

7.555 

62 

19.7437 

20.318 

102 

32.4726 

33.057 

23 ' 

7.3439 

7.875 

63 

20.0618 

20.637 

103 

32.7909 

33.376 

54 

7.6613 

8.196 

64 

20.3800 

20.955 

104 

33-1091 

33.694 

25 

7.9787 

8.516 

65 

20.6982 

21.274 

105 

33.4274 

34*012 

26 

8 . 2962 

8.836 

66 

21.0164 

2 I.SD 3 

106 

33-7457 

34-331 

27 

8.6138 

9.156 

67 

21.3346 

21.911 

107 

34.0640 

34.649 

28 

8.931s 

9.47s 

68 

21.6528 

22.230 

108 

34.3823 

34.908 

29 

9.2491 

9.795 

69 

21.9710 

22.548 

109 

34.7006 

35.286 

30 

9.5668 

10.114 

70 

22.2892 

22.867 

110 

35.0189 

35.60s 

31 

9-8845 

10.434 

71 

22.6074 

23.18s 

111 

35.3371 

35.923 

32 

10.2023 

10.753 

72 

22.9256 

23.504 

112 

35.655 

36.241 

33 

10.5201 

11.072 

73 

23 . 2438 

23.822 

II3 

35.974 

36.500 

,34 

10.8380 

11.392 

74 

23.5620 

24. 141 

1 14 

36.292 

36 . 878 

35 ' 

II. 1558 

11.711 

■ 75 , j 

23,8802 

24.459 

115 

36.610 

37.197 

36 1 

11. 4737 

12.030 

76 

24.1984 

24.778 

1 16 

36.929 

37. SIS 

37 

11.7917 

12.349 

77 

24.5160 

25.096 

117 

37.247 

37.833 

38 

12.1096 

12.668 

78 

24.8349 

25.415 

118 

37.565 

38.152 

39 

12.427s 

12.987 

79 

25.1531 

25.733 

1 19 

37.883 

38.470 

40 

12.7455 

13.306 

80 

25.4713 

26.052 

120 

38.201 

38.788 

41 

13.0635 

13.625 

81 

25.789s 

26.370 

121 

38.519 

39.106 

42 

13.3815 

13.944 

82 

26.1078 

26 . 689 

122 

38.837 1 

39.425 

43 

13.6995 

14.263 

83 

26-4260 

27.007 

123 

39.156 1 

39.743 

44 

14.0175 

14.582 

84 

26.74431 

27.326 

124 

39.475 1 

40.062 

45 

14.3356 

14.901 

85 

27.062s 

27.644 

125 

39.794 

40.381 


Conversion of Number of Pitches to Inches and Feet 

In ordering chains, the exact length, including connecting link,' 
should be specified in feet and inches, as well as in pitches. 

To convert pitches to feet, multiply the number of rollers by the 
pitch and divide by 12. To convert feet to pitches, multiply by 
12 and divide by the pitch. 
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MAXIMUM SPROCKET SPEEDS AND CHAIN VELOCITIES 

On May 4, 1935, the A.G.M.A. approved the maximum sprocket 
speeds (Table 35) and maximum chain velocities for various numbers 
of teeth in the smaller sprocket. Hitherto the maximum chain 
velocity has been considered to be about 1,600 feet per minute, 
regardless of the weight of the chain or the number of teeth in the 
sprocket. Also, the maximum revolutions per minute has been 
taken as 


Max. r.p.m. = 


1,920, 




A 

WfP' 


regardless of the number of impacts of the roller per minute. P =? 
pitch, A = projected area of the roller, and Wf = weight per foot 
of chain. 

Observations of many chain drives have shown that higher chain 
velocities are permissible under certain conditions and that lower 
sprocket speeds should be used under other conditions. The 
figures in the table are computed from three formulas, each express- 
ing a separate limiting condition affecting sprocket speeds and chain 
velocities. 

The upper figure in each square is the maximum number of 
revolutions per minute, and the lower figure is the corresponding 
maximum chain velocity which is found by multiplying the maxi- 
mum number of revolutions per minute by the product of the 
number of teeth and the pitch, and then dividing by 12. Figures 
in the upper left-hand block are calculated from the formula: 

2,000^ / A 

Max. r.p.m. = . 

based on the theory that the allowable energy of roller impact per 
tooth per minute should not exceed a certain maximum. P = 
pitch; A = projected area of the roller, and Wf = weight per foot 
of chain. 

Figures in the lower block are calculated from the formula: 


Max. r.p.m. = 


WfP 

based on the theory that the allowable energy of a single roller 
impact should not exceed a certain maximum. 

Figures in the upper right-hand block are calculated from the 
formula: 


Max. r.p.m. = 


9.516 


4 


NWf 


based on the theory that the maximum allowable centrifugal force 
for one chain link is proportional to the projected area of the roller, 
N - number of teeth in smaller sprocket. 




The tabulated figures are in each case the least of those yielded 
by the three formulas. 

Examination of the table will show that, for chain No. 41 running 
over sprockets with not less than 54 teeth, the chain velocity can be 
as high as 3,195 feet per minute, while a 2i-mch pitch chain over a 
9-tooth wheel should not run at a velocity exceeding 450 feet per 
minute. Also, it will be seen that in the case of chain No. 50, 
operating over a is-tooth sprocket, the maximum revolutions per 
minute is 1,900, whereas a 54-tooth sprocket has a permissible speed 
of only 1,028 revolutions per minute. 

Moving-Picture Projector Sprockets 

Both cameras and projectors for moving pictures require great 
accuracy in the gearing used. The standards of the Society of 
Motion Picture Engineers for 8-, 16- and 35-millimeter projector 
sprockets are given, together with the tolerances permitted,, in 
Tables 36, 37, and 38. 

The standard speed for silent films is 16 frames per second, and 
for sound pictures, 24 per second. In the sound pictures the 
distance between the center of the picture and the corresponding 
sound is 20 frames on the 35-millimeter film, and 26 frames on the 
16-millimeter film, this being the spacing between the lens and the 
sound-reproducing apparatus. 
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Table 36.— American Standard eor 8-Millimeter Film 
8-Tooth Projector Sprockets 



Millimeters 

Inch Equivalents 

! 4 

5.72 ±0.03 

0.225 ± 0.001 

! .B 

9.42-1-0.00 

0.371 4-0.000 


— 0.05 

— 0.002 

1 ^ 

1.02 -j- 0.00 

0.040 4“ 0.000 


— 0.05 

0.002 

D 

I.I4 -{- 0.08 

■ * . 

0.045 + 0.003 


— 0.00 

— 0.000 

E 

45 0 ■ 

to.s' 

■ Recommended Practice 

f 

2.54 

0.100 


0.13 

0.005 


0.51 

0.020 V 


11-33 

0.450 
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Table 37. — American Standard for i 6-Millimeter Film 
Projector Sprockets 


Number^of Teeth 



N 

B 

E 

3 

4 

5 

6 

C 

C 

C 

C 

Mm. 

In. 

Mm. 

In. 

Mm. 

In. 

Mm. 

In. 

Mm. 

In. 

’TO 

6 

14.38 

0.566 

60V 

±0.5'' 

1.02 

0.040 








8 

19.23 

0.757 

45 * 0 ' 

± 0 . 5 ' 

1.02 

0.040 

0.91 

0.036 






12 

28.93 

1. 139 

30V 

± 0 . 5 ' 

1.02 

0,040 

0.91 

0.036 

0.79 

0.031 

0.69 

0.027 


16 

38 . 63 

1.521 

2 2 ’*30' 

± 0 . 5 ' 

1.02 

0.040 

0.91 

0.036I 

0.79 

0.031 

0.69 

0.027 

^ <3 

6 

14. IS 

0.557 

60V 

±0.5' 

1.02 

0.040 








8 

18.92 

0.74s 

45 V 

±0.5' 

1.02 

0.040 

0.91 

0.036 






12 

28. so 

1. 122 

30V 

±0.5' 

1.02 

0.040 

0.91 

0.036 

0.79 

0.031 

0.69 

0.027 


16 

38.0s 

1.498 

22 ® 30 ' 

±0.5' 

1.02 

0.040 

0.91 

0 . 036 

0.79 

0.031 

0.69 

0.027 

+ a 

6 

14.30 

0.563 

60V 

±0.5' 

1.09 

0.043 







e-S 

8 

19 - 13 

0.753 


±0.5' 

r.09 

0.043 

r ,02 

0.040 





0 d 

12 

28.78 

1. 133 

30 0' 

±0.5' 

r.09 

0.043 

1.02 

0 . 040 

0.94 

0.037 

0.86 

0.034 

0 fl 

16 

38.43 

1. 513 

22‘’30' 

' ±0.5' 

1.09 

0.043 

1.02 

0.040 

0.94 

0.037 

0.86 

0,034 


[' 




Millimeters 

Inch Equivalents 1 


A 

12.22 + 0.05 

0.481 + 0.002 1 



— 0.00 

— 0,000 t 


D 

1.22 + 0.00 

0,048 + 0.000 ; 

For All 


— 0.08 

. — 0.003 \ 

Sprockets 

r 

s 

1.27 

0.08 

0.050 ! 

0,003 ■ 


t 

B - 0.3. Max. 

B — 0.0 1, Max. 


u 

1. 00 

0.039 


V 

B + 1.52, Max. 

B + 0.060, Max. 

, , -Notes , .--f' 


N number of teeth on sprocket. 

Tolerance for B and C, +0,000 to —0.025 millimeter, or +0.000 to • 
—0.001 inch. ^ 

Dimensional standards indicated by capital letters. I 

Recommended practice indicated by lower case letters. ! 

Values of C are omitted in cases where the angle of wrap on the sprocket | 
would exceed 180 degrees. \ 
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Rack Teeth 

Rack teeth are generally cut with a gang of circular gear cutters 
or by the Fellows gear-shaping method, in which the rack is fed past 
the reciprocating cutter at the proper rate to generate the teeth, as 
with a gear. The Fellows machines have independent motors for 
each function. The main drive motor is 3 horse-power; table 
traverse, J horse-power; depth of feed, | horse-power; and the 
coolant pump, i horse-power. The ram speed varies from 66 to 
403 strokes per minute. 

Racks are sometimes cut in a regular shaper, using a form tool 
and suitable means for spacing the distance between the teeth. 


Measurement of Racks 


In measuring a .rack, the distance that a 1.728 Inch diameter wire 
projects above the pitch line of the teeth for a i diametral pitch 
rack is as follows: 


Degrees 

14I 

1 

17I 

'1 

20 


30 

Inches , . . 

1.2779 J 

1.2463 

1.2323 

I . 2241 

1.2316 



For any other diametral pitch (p) divide the values by ^ and use 

ires inches in diameter. 

P 

To find the distance the wire projects above the tops of the teeth 
f a ip rack subtract i from the above values. 






j 



SECTION IX 


^ TURNING AND BORING 

Turning and boring include some of the most important shop 
operations, from heavy roughing cuts to the single-point boring 
now used in much precision work. Single-point tools are being 
standardized as to both shapes and nomenclature. Cemented 
carbide tips are also standardized in size and are becoming more 
I economical on much work. Except in extremely heavy work, such 
I as tire turning, standard toolholders and bits are common practice. 

I ■' ' , , ■ 

I SINGLE-POINT TOOLS 

f The following definitions of single-point tools and their cutting 
I angles were adopted in June, 1938: 

! Terminology and Definitions — Single-Point Cutting Tools: 

; for Lathes, Planers, Shapers, Turret Lathes, Boring Mills. Etc. 

I Tool Elements 

Size- — The size of a tool of square or rectangular, section is expressed by 
giving, in the order named, the width of shank, the height of shank, and the 
total tool length, in inches, such asf X X12 inches. The same method 
: of designation is used for tool bit holders to which is added the size of the 

bits. 

Shank. — The shank is that part of the tool on one end of which the point 
is formed or the tip or bit is sxmported. The shank in turn is supported 
on the tool post of the machine, Pigs. I, 2, and 3 (see American Standard for 
toolholder shanks and tool-post openings, Sec. XVIII). 

I Base. — The base is that surface of the shank which bears against the 

I support and takes the tangential pressure of the cut, Pigs, i, 2j and 3. 
j Heel. — The heel is the edge between the base and the flank immediately 

I below the face. Figs. I, 2, and 3. 

I Face. — The face is that surface on which the chip impinges as it is cut 

I from the work. 

Point. — The point is all that part of the tool which, is shaped to produce 
t the cutting edges and face. 

I (putting Edge.-y-The cutting edge is that portion of the face edge along 

f which the chip is separated from the work. The cutting edge consists 
usually of the side-cutting edge, the nose radius, and the end-cutting edge, 
j Figs. I, 2, 4, and $. 

Nose.-;— The nose is the curve formed by joining the side-cutting and 
end-cutting edges. : ' 

Shape. — The shape of the tool is the contour of the face when viewed in 
I a direction at right angles to the base. 

f Flank. — The flank of the tool is the surface or surfaces below and adjacent 

to the cutting edge. Pig. x. 

Neck. — The neck is an extension of the shank of reduced sectional area. 
A relatively small point, as required in boring, is sometimes attached to the 
shank by a neck. Fig. 4. 

Flat. — The flat is the straight portion of the cutting edge intended to 
produce a smooth machined surface, Fig, 5, 



322 


TURNING AND BORING 


^ Chip Breaker or Control. — The chip breaker is an irregularity in the farik 
of a tool, or a separate piece fastened to the tool or toolholder, to cause tS 
chip to break into short sections or curl, Fig. 6. c i-ne 

Types of , Tools 

Orotund Tool.-— ground tool is one in which the point is formed on tliA 
end of a bar (shank) of tool steel by grinding, Pig. i. 




CvH-inof 


, iFJanJi: 

. . 'I tieeH 

^ ec/ge^ 


Fig. I 


Toof bif p^]bo/bo/c/er 



^A/ose 

•Fpfce. 


'^Bcfse "Feel 

Fig. 2 


shcfnk\ 



pn v— ^ 

^ Facet’s 


Too/ ho/ofer angle 
Fig. 3 


Chip breaker 





f^Neck 


Fig. 4 




Section A-A 
Fig. 6 


S/o/e cufHng -' edge angler 

Emd relief angle 
End clearance angle 

"^Base 
Fig. s 


Figs, i to 6.: — Single-Foint Tools 

Forged Tool,-— A forged tool is one in which the point is forged roughly to 
shape on the end of a bar (shank) of tool steel before hardening and grinding, 
Jbig._2.., ^ . 

Tipped Tool.— -A tipped tool is one with a tip of cutting material, perma- 
nently attached to a shank of noncutting material. The tip is ground to 
form the cutting edges and face of the tool, Figs, s and 6. 

Curved Cutting-Edge Tool. — A curved cutting-edge tool has variable 
side-cutting-edge angles. Fig. 2. ^ , 

Raised-Face Tool*— A raised-face tool is one having its face above the 
top of the shank. Forged tools, as in Fig. 2 , frequently have the face 
raised above- the shank top sd that less material need be removed in regrind- 
ing the point. The details of forged tools should be shown by drawings. 
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Bit Tool.— A bit tool is one in which small parts of the tool materials, of 
sqtiare, rectangular, or other section, or forged to special shapes, are held 
in the end of a holder or shank. Pig. 3. 

Toolholder.— *A toolholder is a tool shank designed to hold a removable 
point or tool bit, Fig. 3. 
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Fig. 10 
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Working relief angle 
Fig. II 


^Shank angle 
,'Feed 

'"Work surface 

'Deplhofcoh 
^^^'-Enlerlng angle 



Machined 
surface 

Fig. 12 

Figs. 7 to 12. — ^Angles of Single-Point Tools 


_ Tool Bit.— *A tool bit is a relatively small piece of cutting material, clamped 
in a tool shank or holder in such a way that it can readuy be removed and 
replaced, Figs. 3, 7&, and 9. 

Straight Tool. — k. straight tool has the point on the forward end of a 
straight shank, Pigs. I and 5. 

Bent Tool. — A bent tool has the point bent to the left or right. Figs. 
7 ® and 7&, to make its operation more convenient. These tools are called 
left-bent tools if the point is bent to the left when looking at the tool from 
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the poiat end with the face upward and the shank pointing away, and tke 
versa, ' 

Offset Tool.— -An offset tool has the point at either side of, hut parallel 
to, the shank. It is known as a right-offset tool if the point is offset to the 
right of the shank when looking at the tool from the point end with the 
face upward and the shank pointing away. Figure 8 illustrates a left- 
offset tool. 

Right-Cut Tool.i~~A right-cut single-point tool is one which, when 
viewed from the point end of the tool, with the face up, has the cutting 
edge on the right side, Figs, i, 2, 4, yu, 7&, and 10. 

Left-Cut Tool.— A left-cut tool has the cutting edges on the left when 
looking at the point end with the face upward, Figs. S, 6, 8, and 9. 

End-Cut Tool. — An end-cut single-point tool is one having its principal 
cutting edge on the end. 


Tool Angles 

■ Toolholder Angle. — -The toolholder angle is that angle between the bottom 
of the bit slot and the base of the toolholder shank, Pig. 3. 

Shank Angle. — The shank angle is the angle by which the point of a bent 
tool deviates from the straight portion of the shank. Figs. 7 and 12. 

Back-Rake Angle. — The back-rake angle is the angle between the face 
of a tool and a line parallel to the base of the shank or holder measured in a 
plane parallel to the center line of the point and at right angles to the base. 
The angle is positive if the face slopes downward from the point toward the 
shank and is negative if the face slopes upward toward the shank, Fig. 9. 

Side-Rake Angle.— The side-rake angle is the angle between the face of a 
tool and a line parallel to the base. It is measured in a plane at right 
angles to the base, and at right angles to the center line of the point, Fig. 9. 

Relief Angle. — The relief angle is the angle between a plane perpendicular 
to the ^ base of a tool or tool holder and the ground portion of the flank 
immediately adjacent to the cutting edge. Figs. 5 and 9. 

Side-Relief Angle. — The side-relief angle is the angle between the portion 
of the flank immediately below the cutting edge and a line drawn through 
this cutting edge perpendicular to the base. It is measured in a plane at 
right angles to the center line of the point. 

End -Relief Angle. — The end-relief angle is the angle between the portion 
of the end flank immediately below the cutting edge and a line drawn 
through that cutting edge perpendicular to the base, Figs, s and 9. It is 
measured in a plane parallel to the center line of the point. 

Clearance Angle. — The clearance angle is the angle between a plane per- 
pendicular to the base of a tool and that portion of the flank immediately 
adjacent to the base. The side clearance angle is measured in the plane 
of the side-rake angle. The end clearance angle is measured in the plane 
of the back-rake angle, Figs, s and 9. 

The surfaces of the tool below the cutting edge are usually forged or rough 

g round before hardening so as to reduce the amount of grinding on the 
ank, Fig. 2. The ground flank sometimes extends to the heel, Fig. i, in 
which case there is no clearance. 

Side-Cutting-Edge Angle. — The side-cutting-edge angle is the angle 
between the straight side-cutting edge and the side of the tool shank, Fig, 10. 
In the case of a bent tool this angle is measured from the straight portion of 
the shank. 

End-Cuttog-Edge Angle. — The end-cutting-edge angle is the angle 
between the cutting edge on the end of the tool and a line at right angles 
to the side edge of the straight portion of the tool shank. Pig. 10. 

As the setting angle is changed, the relation of the end-cutting edge to 
the work also is changed. See under “Working Angles.'’ 

Nose Angle. — The nose angle is the angle included between the side- 
cutting edge and end-cutting edge, Fig. 10. 


Working Angles 

Working Angles. — The working angles are those angles between tool and 
work, which depend not only on the shape of the tool, but also on its posi- 
tion with respect to the work, Fig. ii. 

1 When such a tool is used in an engine lathe, the cutting edge is on the 
left side. It is fed into the work from right to Mt, as when cutting a right- 
hand screw thread. 


r 
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Setting Angle. — The settinjg angle is the angle made by the straight por- 
tion of the shank of a tool with the finished surface of the work, Fig. 12, 

Entering Angle.— The entering angle is the angle which the side-cutting 
edge of a tool makes with the finished surface of the work, Figs. 7a and 12. 

True -Rake Angle.— The true-rake angle (or “top-rake"), under actual 
cutting conditions is the actual slope of the tool face toward the base from 
the active cutting edge in the direction of chip flow. It is a combination of 
the back-rake and side-rake angles and varies with the setting of the tool 
and with the feed and depth of cut, Pig. ix. 

Cutting Angle.— The cutting angle is the angle between the face of the 
tool and a tangent to the machined surface at the point of action. It equals 
90 deg. minus the true-rake angle, Fi^. ii. 

Working-Relief Angle. — The working-relief angle is the angle between 
the ground flank of the tool and a line tangent to the machined surface 
passing through the active cutting edge, Fig. ii. 

Working-End-Cutting-Edge Angde. — The working-end-cutting-edge angle 
is the an^le between the straight-end cutting edge and a plane tangent to 
the machined surface at the point of cutting. 

Lip Angle. — The lip angle is the included angle of the tool material between 
the face and the ground flank measured in a plane at right angles to the 
cutting edge. When tneasured in a plane perpendicular to the cutting edge 
at the end of the tool, it is called the end lip angle. When measured at tne 
point of chip flow, it is called the true lip angle, Fig. ii. 

General Terms 

Cutting Speed. — The cutting speed is the peripheral or surface speed of 
the work with respect to the tool. In turning, it is usually measured on the 
uncut or work surface of the work ahead of the tool. See Pig. ii. 

Example. — Cutting speed S in turning in feet per minute ■=» 3.i4i6Z>W 
in which D » diameter of work in feet. 

N = revolutions per minute of work. 

Depth of Cut. — The depth of cut is the distance between the bottom of the 
cut and the uncut surface of the work, measured in a direction at right angles 
to the machined surface of the work, Figs. 7, 8, ii, and 12. This is the 
difference in height between the machined and work surfaces. 

Feed. — The feed is the relative amount of motion of the tool into the work 
for each revolution, stroke, or unit of time. Pig. 12. 

Machined Surface. — The machined surface is the surface left by the 
cutting tool, Figs. 7, 8, ii, and 12. i 

Work Surface. — The work surface refers to the surface to be machined. 
Figs. 7» 8, II, and 12. 

Symbols 

Recommended Symbols. — -A recommended system of symbols for brevity 
in catalogs, purchase orders, etc., follows: 

JRC-5 — Right-cut, single-point tool, with straight shank. Pig. i. 

XC-S— -Left-cut, single-point tool, with straight shank, Fig. 5. 

RC-RiJ— Right-cut, single-point tool, with right-bent shank. Fig. 7b. 

RC-XF— Right-cut, single-point tool, with left-bent shank. Fig. 7a. 

LC‘R& — ^Left-cut, single-point tool, with right-bent shank. 

LC~LB — Left-cut, single-point tool, with left-bent shank. 

RC-RO — ^Rightccut, single-point tool, with right offset shank. 

RC-LO — Right-cut, single-point tool, with left offset shank. Fig. 8, 

XC-RO— Left-cut, single-point tool, with right offset shank, 

XC-XO-— Left-cut, single-point tool, with left offset shank. 

Figure 13 shows the similarity between the best known cutting 
tools. 

CONSTAI^TS FOR CUTTING TIME 

An estimate of the time required for turning or boring work is 
often necessary. Multiplying the diameter in inches by 3.1416 and 
dividing by 12 gives the circumference in feet. Dividing the length 
of the cut in inches by the rate of feed per revolution gives the 
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number of turns the piece must make. Multiplying the circum- 
ference by the number of revolutions gives the number of feet of tool 
travel. Dividing this by the cutting speed in feet per minute gives 
the actual cutting time in minutes. 

EnGfcuH-fng-eofgeangh-'s^ f^^ose omg/e 
Nose rad^. / /Eace 

Rake angle. Cu fling _ 

, / ^ Side cuff ing- edge angle ^"“~Snank 

WOOD PUNE BIT I 

4U ''Base 

Side relief ang/e^'' '"Clearance ang/e 

SINGLE POINT CUTTING TOOL 


FORMED 

CUTTING 

TOOLS 
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\ H Relief 

Land^^LRelief & 

Circular Dove+ailed 
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Rake or helix, angle., V d Viand i .Clearance Enlarged 
/V'ecA-5|;|, diam. 7®*^ 

Rcke <y^.,Rib 

<Shank^’^~ -Bods- — 41 \ single v/r/.,/- 
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Chamfer. 


<^Shank^'— Bods-'-^l-tp \ angle '' 

<'“-~’'-f)rilllengfn >1 "Margin 

<--Jbengfh overall — 

TWIST DRILL 'I’AP 

Fig. 13. —Names of Parts of Various Cutting Tools 


The figuring can be resolved into the following formula: 
Diameter X 3.1416 X length in inches , . 


12 X speed X feed in inches 


~ time in minutes. 


The known factors in the case can be resolved into a constant 
which is directly dependent on the feed and speed; hence, a table 






CUTTING-TIME CONSTANTS 327 ' 

covering a wide range of speeds and feeds is necessary for tlieir 
proper use.'; ■ ■ 

One part of the table gives constants for two cuts at and 
^-inch feed, up to i- and J-inch feed, at any speed from 20 to 65 
feet per nainute. The rest of the table gives constants for one 
cut at -^-inch feed up to and including i-inch feed, also at any speed 
from 20 to 65 feet per minute. 

A t3npical computation is as follows: 

A piece 4 inches in diameter, 10 inches long, is turned with two 
cuts at xg- and ^-inch feed, each with a cutting speed of 20 feet 
per minute. Diameter X length in inches X constant = time in 
minutes. 4 X 10 X 0.6283 — 26 minutes. 

If, for the purpose of accuracy it is thought advisable, in connec- 
tion with these two cuts, to run another cut over, the constant 
0.6283 is added to a constant for the third feed used. If this feed is 
inch, then we have 0.6283 + 0.8378 — 1.4661, the constant for 
three cuts, one of 1^-, one of and one of -^-inch feed. 


Table I.— Constants eor Cutting Time in Minutes 


Feed, 


'utting Speed, in 

Feet per Minute^Turning 

in Inches 

20 

2$ 

30 

35 

45 

55 ■ 

65 

Two cuts at: 








and i?>r 

I. 2 S 7 

1 . 005 

1 0.8378 

0.7181 

0.5581 

0 . 4 S 72 

0.386 

^ and * 

0.6283 

0.5027 

0.4189 

0.3590 

0.2793 

0.2286 

0.193 

^ and f 

0.3142 

0.2513 

0 .2094 

0.1795 

0.1396 

0.1143 

0.097 

i and i 

0 .IS 7 I 

O.I 2 S 7 

! 0.1047 

0.0898 

0.0698 

! 0.0571 

0.048 

One cut at: 



' 






0.8378 

0.6702 

0.5585 

0.4787 

0.3723 

0.3046 

0.257 


0.4189 

0 . 33 SI 

0,2793 

0.2394 

i 0.1862 

0.1523 

0 . 128 

. 

0.2094 

0.1676 

0.1396 

0.1197 

1 0.0931 

0.0761 

0 . 064 

t 

0 . 1047 

0.0838 

0,0698 

0.0598 

I 0.046s 

0.0381 

0,032 

i 

0.0524 

0.0419 

0.0349 

0.0299 

1 0.0233 

i . 

0.0191 

i 

0.016 


The cutting speeds given were selected so that many others can 
be easily secured. Constants for any multiple of these can be 
found by dividing these constants by the multiplier used. Thus 
constants for 200 feet per minute are found by dividing those given 
in the 20 column by 10. For 19s feet cutting speed divide the 
constants in the 65 column by 3. For 210 feet divide constants in 
the 35 column by 6. 

Table Has Wide Applicatioiis 

There is hardly a combination of feeds and speeds that is not 
possible to secure by inspection from Table i. By interpolation 
an added number can be secured. 

The table can be adapted, on account of its wide range, to the 
known individual performance of any lathe or boring mill in the 
shop. No slide rule or any special operations are necessary to 
secure the desired results, merely a knowledge of multiplication. 
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For flange facing it is possible to use the table with the same ease 
as for boring and turning by figuring on the mean diameter. 

Rotary Gutting Speeds 

An easy method of calculating the cutting speed of a lathe tool 
or boring cutter is to divide the number of revolutions by 4 and 
multiply by the diameter in inches. This gives the approximate 
speed in feet per minute. This also applies to milling cutters. 

Let D = diameter of work, cutter or boring bar. 

N — revolutions per minute. 

C = cutting speed in feet per minute. 

C = D X -• N = D = 

4 N 

Figuring Turning Speeds 

A short-cut rule for quick mental calculation of turning speeds 
on a lathe or boring mill is: Multiply one-half the revolutions (per 
minute) by half the diameter (in inches). Add i for every 25 in 
the product. This result is the cutting speed in feet per minute. 

Example. — ^W hat is the cutting speed on a li-inch diameter at 
400 revolutions per minute? 

Solution.— 200 X f = 150; 150 25 === 6; 150 + 6 = 156 feet 

per minute. 

Frequently the following statement of the same formula is 
more convenient, as it avoids dividing the diameter, which some- 
times makes a troublesome fraction: Multiply one-quarter the 
revolutions (per minute) by the diameter (in inches). Add i 
for every 25 in the product. The result is the cutting speed in 
feet per minute. 

Example.— W hat is the cutting speed on a ij-inch diameter at 
440 rev. per minute? 

Solution.— no X | = 124; 124 -^ 25 = 5; 124 -f 5 = 129 feet 
per minute. 

To see how closely this '‘rule of thumb^’ formula approximates 
the theoretical formula in accuracy, reduce both to similar terms 
in the latter example: 

Practical formula: i X 44© X | X or 440 (revolutions) X 
I (diameter) X 0.260. 

Theoretical formula: 3.1416 X 440 X | X or 440 (revolu- 
tions) Xf (diameter) X 0.262. 

This comparison shows that When both formulas are reduced 
to siimlar terms, the discrepancy between the ‘‘constants’’ is only 
the difference between 0,260 and 0.262. This difference represents 
the amount of error, which is usually so much less than the error in 
roughly measuring the diameter or the revolutions per minute 
that it is negligible. Tables 2, 3 and 4 will save time. 

Lathe Tool Tests 

In testing steels for lathe and similar tools it has become custom- 
ary to use standard material, speeds, feeds, and depth of cut. In 
some cases tools are run until they break down; in others, they are 
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passed if they stand up for a specified time. A so-point carbon 
Steel is often selected and cuts 1 inch deep with to |-inch feed at 
cutting speeds of from 6o to 90 feet per minute. 

The United States Navy Department specifies that a |-inch lathe 
tool shall stand up for 20 minutes with a j^-inch cut and i?^-inch 
feed at 60 feet per minute without regrinding; the material must be 
at least 80,000-pound tensile, and so,ooo-pound elastic limit with a 
25 per cent elongation in 2 inches. The steel is annealed before 
the test. 

Accurate Tool Setting with Compound Rest 

A compound rest fitted with a micrometer dial may be used to 
take very minute cuts by swiveling the rest to the proper point. 
Starting with the rest set to feed straight in and moving to the 
right, the in-feed will be the cosine of the angle. If the rest is 
moved 30 degrees from center, the in-feed, or cut taken, will be 
0.86603 of the feed as shown on the dial.^ Or, for every o.ooi in. 
on the dial the actual in-feed is 0.000866 in. at 30 deg. With a 60 
deg. setover the actual advance is one-half the amount shown on 
dial. The formulas are: 

A = actual advance of tool in radial direction. 

B = amount removed on diameter of work = 2A. 

C == number of degrees of setover of compound rest, from center. 

D = advance as read on dial in O.OOI of inch. 

A = D X cos C. B = 2A. 

A A 

cos of C = ^ or C = angle whose cos is 

Cutting Lubricants 

Cast iron is usually worked dry, but when hard cast-iron gears 
are to be cut, as with three cutters, the first cut through will work 
better with strong soda water. It makes an objectionable mess, 
but the work will be done faster and the cutters keep sharper longer 
than with the dry process of cutting. 

Brass and babbitt are usually cut dry, but to hand-ream brass and 
babbitt is sometimes difficult if the reamer is a little dull. Kerosene 
and turpentine are used with good results. Cast iron can be hand- 
reamed easily with tallow and graphite, mixed, and the hole will 
be kept just the size of the reamer. Copper can be worked well 
with lard oil and turpentine mixed. 

In boring babbitt bushings and rod boxes in a lathe or boring 
mill, it is very difiScult to work the material dry as the chips have a 
great tendency to roll around the tool and into a hard ball, tearing 
the metal and making a rough ragged hole. In this case kerosene 
and lard oil mixed will work well. 

Tu]T)entine is good in some cases where fitting is done, such as 
scraping lay-out plates, or face plates. Oil will form a coating so 
that marks cannot be seen plainly, but turpentine will prove bene- 
ficial on this kind of work if used freely. The marks can be seen 
plainly, and the work is a great deal easier to scrape than with an 
oil surface, as the oil glazes over the surface and makes it hard to 
start the scraper cutting. 
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■Table 3. —Time Reotoreb eor Tool to Travel 1 Inch 

When Feed Is Hoo 


Diameter^ 

inches 


Surface Speed per Minute 


45 

so 

60 

M. 

S. 

M. 

S. 

M. 

S. 

0 

9 

0 

8 

0 

7 

0 

IX 

0 

10 

0 

9 

0 

13 

0 

12 

0 

10 

0 

IS 

0 

14 

0 

12 

0 

17 

0 

16 

0 

13 

0 

19 

0 

18 

0 

IS 

0 

22 

0 

20 

0 

16 

0 

24 

0 

22 

0 

18 

0 

26 

0 

24 

0 

20 

0 

28 

0 

26 

0 

21 

0 

30 

0 

28 

0 

23 

0 

33 

0 

30 

0 

25 

0 

35 

0 

32 

0 

26 

0 

39 

0 

35 

0 

29 

0 

43 

0 

39 

0 

33 

0 

48 

0 

43 

0 

36 

0 

52 

0 

47 

0 

39 

0 

56 

0 

SI 

0 

42 

I 

I 

0 

55 

0 

46 

I 

S 

0 

59 

0 

49 

I 

9 

I 

3 

0 

52 

I 

13 

I 

6 

0 

55 

I 

17 

I 

II 

0 

58 

I 

22 

I 

IS 

I 

2 

I 

26 

I 

19 

I 

5 

I 

35 

I 

27 

I 

za 

I 

44 

I 

34 

I 

18 

1 

S3 

I 

42 

I 

ss 

2 

I 

1 

SO 

1 

31 

2 

10 

I 

58 

1 

38 

2 

18 

2 

6 

X 

44 

2 

27 

2 

13 

I 

SO 

2 

35 

2 

21 

I 

S6 

2 

44 

2 

29 

2 

3 

2 

52 

2 

37 

2 

10 

3 

II 

2. 

54 

2 

24 

3 

28 

3 

9 

2 

36 

3 

46 

3 

2S 

2 

SO 

4 

2 

3 

40 

3 

2 

4 

21 

3 

S8 

3 

16 

4 

36 

4 

II- 

3 

27 

4 

S3 

4 

27 

3 

40 

5 

II 

4 

42 

3 

S3 

S 

28 

4 

58 

4 

6 

s 

47 

5 

16 

4 

20 

6 

1'.' 

5 

28 

4 

31 

6 

23 

5 

48 

4 

47 

6 

37 

6 

I 

4 

58 

6 

55 

6 

18 

5 

14 

7 

13 

6 

34 

5 

as 

7 

31 

6 

SO 

5 

38 

7 

43 

7 

I 

S 

47 

8 

4 

7 

20 

6 

3 

6 

19 

7 

33 

6 

14 

8 

38 

7 

50 

6 

29 

9 

0 

8 

10 

6 

44 

9 

13 

8 

23 

6 

55 
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Table 4 .— Lathe akd Boring-Mill Time 


8i 

34 

181 

8 

S4S 

4 

273 

9 

36 

191 

9 

048 

4 

524 

9i 

38 

202 

9 

550 

4 

77 s 

10 

40 

212 

10 

053 

5 

027 

loi 

42 

223 

10 

556 

S 

278 

II 

44 

234 

II 

058 

s 

529 

Hi 

46 

244 

II 

S6i 

5 

781 

12 

48 

255 

12 

064 

6 

032 

I2i 

SO 

266 

12 

S6o 

6 

283 

X3 

52 

276 

13 

069 

6 

535 

i3i 

S4 

287 

13 

572 

6 

786 

14, 

SO 

297 

14 

074 

7 

037 

i4i 

58 

308 

14 

577 

7 

289 

IS 

60 

319 

IS 

080 

7 

540 

I Si 

62 

329 

15 

582 

7 

791 

16 

64 

340 

16 

08s 

8 

042 

x6i 

66 

351 

16 

S88 

8 

294 

17 

68 

>361 

17. 

090 

8 

■ 545 

i7i 

70 

.372 

17. 

593 

8 

.796 

18 

72 

,382 

18. 

096 

9 

.048 

i8i 

74 

393 

18. 

598 

9 

.299 

19, 

76 

.404 

19. 

lOI 

9 

• SSO 

i9i 

78 

.414 

19. 

604 

9 

.802 

20 

80 

• 42 s 

20. 

106 

10 

• 053 

21 

h 

.446 

21 . 

I12 

10 

.556 

22 

88 

.467 

22. 

117 

II 

.058 

23 

92 

.489 

23. 

122 

II 

.561 

24 

96 

.510 

24. 

127 

12 

.064 

25 

100 

.53 

25. 

133 

12 

.560 

26 

104 

• 55 

26. 

138 

13 

,069 

27 

108 

.57 

27. 

143 

13 

.572 

28 

112 

.59 

28, 

149 

14 

.074 

29 

1 16 

.62 

29, 

IS4 

14 

.577 

30 

120 

.64 

30 

159 

IS 

.080 


6.702 

8.378 

10.053 

11.729 

13.404 

IS. 080 

16.75s 

18.431 

20.106 

21.782 

23.457 

25.133 

26.808 

28.484 

30.159 

31 . 83 s 

33.510 

35.186 

36.861 

38.537 

40.212 

41.888 

43.564 

45.239 

46 . 91 s 
48.590 
50.266 
5 1. 941 
53.617 
55. 292 
56,968 
58.643 

60.319 

61.994 

63.670 

65.345 

67.021 

70.372 

73.723 

77.074 

80 . 42 s 

83.776 

87.127 

90.478 

93.829 

97.180 

100.53 
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Table 4. — Lathe and Boring-Mill Urns,— Continued 



Cutting Speed, Feet per Minute 

Diam. 

of : 
Work 

35 

40 

Feeds, Inches per Rev. 

Feeds, Inches per Rev. 


A 

i 

• 1 - 

■5^ 

i 

i 

1 


2 

2-i 

•3 

3i 

4 
4i 

5 

6i 

7 

7h 

8 

9 

9 i 

10 

loi 

11 
iii 

12 
i2i 

13 

14^ 

Ml 

15 
isi 

16 
i6i 

17 

I7l 

18 

i8| 

19 

I9i 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


5 • 745 

7.181 
8.617! 

I0.0S3 
II .489 

12.92s 

14.362 

15.798 

17.234 

18.670 

20,106 

21.542 

22.979 

24.415 

25.851 

27.287 

28.723 

30.1591 

31.596 

33.032! 

34.468 

35.904 

37.340, 

38.776 

40.212 

41.649 

43.08s 

44-521 

45.957 
47 . 393 
48.829 
50.266 
51.702 
53.138, 
54.5741 
56.010 
57.446, 
60.319 
63.191; 
66.063; 
68.936 
71.808 
74.680 
77.553 
80.42s 
83.297, 
86.170 


1.436 

I. 795 
2.154 
2.5131 
2.872 
3.231 
3.590 
3.949 
4.308 
4.668 

5.027 
5.386 
5. '745, 
6. 104 
6.463' 
6.822 

7.181 

7.540 

7.899 

8.258 

8.617 

8.976 

9.33s 

9.694 

10.053 

10.412 

10.771 

II. 130 
11.489 
11.848 
12.207; 

I2 .s 66| 

12.925 

13.284 

13.644 
14.003 

14.362 
15.080 
15.798 
16.516 
17.234 
17.952 

18.670 
19.388 

20.106 
20 . 824 
21 . S42 


0.718 

0.898 

1.077 

1.257 
1.436 
1. 616 
1. 795 

1.975 

2 . 154 

2.334 

2.513 

2.693 
2.872 
3.052 
3.231 
3.411 
3.590 
3.770 
3.949 
4.129I 
4.308 
4. 488 
4.668 
4.847 

5. 027 
5.206 
5. 386 
5.56s 
5.74s 
5.924] 

6. 104 

6.283 
6.463 
6.642 
6.822 
7.001 

7.181 
7.540, 
7.899 

8.258 

8.617, 

8.976 

9.33S| 

9.694 

10.053 
10.412 
10 . 771 


0 . 359 
0.449 

0.539 
0.624 
0.718 
0.808 
0 . 898 
0.987 
1.077 
1,167 
1. 257 
1.346 
1.436 
1.526 
1. 616 
1. 70s 

1. 795 
1 . 885 
1 . 975 
2 .064 
2. 154 
2.244 

2.334 

2.424 

2.SI3 

2.603 

2.693 

2.783 

2.872 

2.962 

3.052 

3.142 

3.231 

3.321 

3.411 

3. SOI 
3.590 
3.770 
3.949 
4.129 

4.308 
4.488 
4.668 
4.847 
5. 027 
5. 206 
5. 386 


5. 027 

6.283 
7 . 540 

8.796 

10.053 
II. 310 
12.566; 
13.823 
IS. 080 

16.336] 
17.593 
18.850 

20. 106 

21.363 
22.620 
23.876 

25.133 
26.389 
27 . 646 
28.903 

30.159 
31.416 
32.673 
33.929 
35.186 
36.443 
37.699 
38.956 
40.212 
41.469 
42.726 
43.982 
45.239] 
46.496 
47.752 
49.009 
50.266 
52.779 
55. 292 
57.805 
60.319 
62.832 
65-345, 

67.859] 

70.372 

72.885 

75.398 


1. 257 
1. 571 

I. 88s 
2.199 

2.513 
2.827 
3.142 
3.456 
3.770 
4; 084 

4.398 
4.712 

5. 027 
5.341 
5.655 
5.969 

6.283 
6.597 
6.912 
7.226 
7.540 
7.854 

8.168 
8.482 
8.796 
9. Ill 
9.425! 
9.739 

10.053 

10.367 

10.681 

10.996 

II. 310 
11.624 
11.938 
12.252, 
I2.s66| 

13.19s 

13.823 

14.451 
15.080 
I 5. 708 
16.336 
16.96s 
17.593 
18.221 
18.850 


0.628 
0.78s 
0.942 
1 . 100 
1.257 

1. 414 
1. 571 
1.728 
1.88s 
2 . 042 
2.199 
2.356 
2.S13 
2.670 
2.827 
2.98s 
3.142 
3.299 

3- 456 

3.613 

3.770 

3.927 

4.084 

4.241 

4.398 

4- SSS 
4.712 
4.869 
5. 027 
5. 184 
S.341 
5.498 
5.655 
5.812 
5.969 
6. 126 
6.283 
6.597 
6.912 
7.226 
7.540 
7.854 
8.168 
8.482 
8.796 
9. HI 
9.42s 


0.314 

0.393 

0.471 

o.sso 
0,628 
0.707 
0.78s 
0.864 
0.942 
1. 021 
1. 100 
1 . 178 
1.257 
1.335 

1 .414 
1.492 
1.571 
1.649 
1.723 
1.806 
1.88s 
1.964 
2,042 
2. 121 
2.199 
2.278 
2.356 
2.435 

2.S13 
2 .592 

2.670 
2.749 

2 . 828 
2.906 
2.98s 
3.063 
3-142 
3-299 
3.456 
3.613 
3.770 
3.927 

4.084 

4.241 

4.398 

4.555 

4.712 


For speeds of So, 60, 7o, and 80 feet per minute, divide these time values 
by 2. For speeds of 7S» 90 , loS, and 120 feet per minute, divide by 3. 
Other speed values can be found in the same way. 
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LtmRICANTS FOR Thiieading 

Alimiiniiin. — For aluminum, kerosene with enough cutting oil to 
give it a body. For many purposes a soluble cutting oil is 
satisfactory. 

Basic Steel. — ^The same good mineral lard oil that was used 
for threading Bessemer steel has worked well for basic steel. 

Bessemer Steel. — In cutting the regular grades of Bessemer 
steel a good mineral lard oil has been used with results wholly 
satisfying. Sometimes the mineral lard oil has been mixed with 
a certain percentage of ordinary kerosene oil, ranging from 25 to 
50 per cent, according to the nature of the work. 

Copper. — Frequently cut dry, but good cooling compound 
preferred. 

Cast Iron. — Mineral lard oil. 

Hard rubber and fiber are threaded without any lubrication. 

Monel Metal. — In threading monel metal a compound of white 
lead and oil has been used successfully. Others claim better 
results from red lead and oil. If the lead and oil are mixed to the 
consistency of thin glue and applied to the work, there would 
probably be no difficulty in cutting monel metal successfully, so 
far as the lubricant is concerned. 

Phosphor Bronze Studs. — Mineral lard oil straight or diluted 
with 2$ per cent kerosene oil. 

Soft Drawn Steel and Soft Steel Forgings. — Prime lard oil, or 
the compound for general threading, given here: 

Compound FOR General Threading 


A British lubricant for thread cutting is made of 33 parts tallow, 
23 parts white lead, 3 parts graphite, 41 parts fatty oil. 

Lubricants for Machine Threading 
(Landis Machine Company) 

Tool steel \ 

Vanadium steel I 

Nickel steel I A heavy sulphur-base oil will give the best 
Open-hearth steel [ results, due to its cooling efficiency. On the 
Machine steel > freer-cutting steels mineral oil or paraffin 
Bessemer steel 1 oil can be used, when sulphur-base oil is 
Screw stock 1 objectionable 
Merchant pipe I 
Seamless tubing / 


Cast iron 
Malleable iron 

Phosphor bronze 
Copper 
Drawn brass 
Aluminum 
Lead 

Cast brass 
Hard mbber 

Bakelite 


'I Mineral oil or compound, of a mixture 40 
Wallons water, 10 gallons mineral lard oil, and 
j 2I pounds of soda ash 

I Mineral lard oil diluted with 30 to 40 per 
if cent kerosene 





Table 5. — Cutting Fluids Application Chaet^ 
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Table 5. — Cutting Fluids Application Chart ^ — Continued 
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Monel 

Metal 

9 

\OHH 
(N in 

H Tt* 

M 

'41' 

(M Ul 

H "t 


W 

A 

9 

A 

i 6-E 

0 

MiJi 

A A* 

0 

A 

1 6-C 

0 

A 

1 6-B .. 

9 

A 

5 

!6-D 

1 6-K 



Stainless 

Steel 

p 

A 

M 

vOM 
« in 

M 

w 

N in 

w rj* 


M 

A 

W 

A 

m 

:i 

0 

9 ^ 

A A" 

0 

A 

0 

A 

0 

A 

M 

A 

W 

A 

A* 

P 

A 

w 

A 



Heat- 

Treated 

Steel 

p 

fO 

w 

Ol-H 

N m 

H "V 

w 

Am 
w m 

H 4 


M 

A 

A 

m 

A 

0 
W in 

A A* 

0 

A 

0 

1 

'O 

0 

A 

w 

A 

W 

A 

T 

A 

p 

A 

W 

A 



Tool 

Steel 

Annealed 

p 

M 

Am 

N m 

H 4 

W 

Am 

<N in 


W 

A 

M 

A 

A 

0 

M in 

A A* 

0 

A 

0 

A 

0 

A 

w 

A 

W 

A 

2 

P 

A 

W 

A 



Axle 

Steel 

p 

M 

AO 

N in 

H Tt" 

W 

Am 

N ^ 

H 


M 

A 

w 

A 

9 

A 

0 

W in 

A A- 

0 

A 

0 

A 

— 

0 

9 

A 

W 

A 

H-j 

vO 

P 

A 

M 

A 



Cold- 

Rolled 

Steel 


AO 

« in 

H 

w 

AO 

A in 
w 4 


M 

A 

M 

A 


0 

A A 

0 

A 

0 

A 

0 

A 

PQ 

A 

9 

A 

T 

vO 

P 

A 

W 

A 



Malle- 

able 

Iron 

0 

M 

AO 

N 10 

H 

W 

AO 

<N in 

w rr 


M 

A 

M 

A 


WO 
A in 
w A 

0 

A 

0 

A 

0 

ili 

■ 

« 

A 

W 

A 

A 

P 

A 

M 

A 


L_ 

Cast 

Iron 


0 

in 

4ir 

0 

in 

4 

M 


1 

i 

1 

0 I 

ih ■ 

A ■ 

0 

A 

0 

A 

0 

j'A ■ 

9 

A 

9 

A 






Copper 

P 

Win 

? n 

H 

w 

AQ 

H A* 

W 

A 

A 

« 

M 

W 

A 

A 

A 

N 

W 

A 

A 

H 

P 
W A 
A A 

!p 

!A 

0 

A 

r 

0 

[A 

9 

A 

9 

A 

A 

Q 

A 

9 

A ■ 


p 

A 

Alumi- 

num 

1 

ro 

fOO 

N xrtp:^ 
M 


A 

9 

A 

fe 

A 

ptH 

A 

9 

in 

A 

A 

5 

In 

A 

T 

'O 

T 

lO 

A 

9 

A 

9 

A 


(Xh 

A 

Type of Machine Tool 

Thread millers 

Vertical boring mills 

Horissontal boring mills 

Planers and shapers j 

Vertical milling machines I 

Horizontal milling machines 1 

Slotters and key seaters 

Drill presses 

2 

Q, 

& 

Internal grinding machine | 

Cylinder and horizontal grind- 
ing machines 

Lapping machines 

Honing machines 

Broaching machines 1 

Power saws 

Draw presses 

Punch presses 



1 J, G. Roney and G. L#, Sumner of the Westinghouse Electric & Mfg. Co. 
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A cutting lubricant or coolant is best determined by cuttin? 
action of material and machine on which threading is done. On 
steel a loss in production and tool upkeep often offsets the difference 
in price between a good coolant and a cheaper one. 

ESTmAXmO MACHmmG TIME 

These speeds and feeds will be found conservative for average 
work with high-speed steel tools. 6 


Table of Cutting Speeds for Estimating Purposes 


Material 

Cast iron. 

Cast steel 

Malleable iron. 

Machine steel forgings (15- to 20-point carbon) ....... . 

Machine steel bar stock.'. 

Tool steel forgings .'. 

Steel alloys containing nickel and chromium 

Yellow brass. 

Composition brass. 

Bronzes— manganese and phosphor bronzes usually 
require speeds approximating those for cast iron. 
Speed depends considerably on whether lubricant 

is used or not. , 

Aluminum — aluminum alloys usually cut freely with 
lubricant, but the nature of the alloy and the shape 
of the tools are important factors 


Cutting 
Speed in 
Feet per 
Minute 
50-60 
60 
70 

60-70 

60-70 

35-40 

30-50 
150-200 
I 20-150 


30-80 


150-300 


Stellite tools will run satisfactorily at greater speeds and with 
coarser feeds in the majority of cases. 

It is difficult to give thoroughly reliable data on feeds, but a few 
examples may be of interest. For estimating purposes, and 
always assuming that the normal finish allowance is provided, the 
following notes may be used as a basis in setting feeds. There are 
so many factors to be taken into consideration, however, that 
variations of from 20 to 30 per cent from the figures given are often 
correct under certain conditions. 


Cast Iron 

For roughing cuts on diameters up to 8 inches, the feed may range 
from ^ to ^ inch. Feeds for finishing cuts may be about the 
same, and the speeds increased 25 per cent or more, or the feeds 
may be doubled, using a slight increase of speed and broad-nosed 
tools. On diameters where the finish allowance is from J to f inch, 
the feeds for roughing cuts may vary from to i inch, and for 
finishing cuts higher speeds can be used with finer feeds, or slower 
speeds with an increase of feed, if broad-nosed tools are used. 
On large work, final finishing cuts are sometimes taken at cutting 
speeds 50 per cent higher than for roughing cuts, and with a feed 
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of from i to f inch’ per revolution with very broad-nosed tools and 
when great accuracy is not required. These statements are based 
on actual practice, and, although they cannot be considered as 
positive in their nature, they will be found to answer very well for a 
great proportion of cast-iron work. 

Cast Steel 

Roughing cut feeds on diameters up to 8 inches will vary from 
0.020 to 0.040 inch. Finishing feeds should be decreased by 25 to 
50 per cent, while speeds can be correspondingly increased. ^ For 
larger diameters, where the finish allowance is from J to inch, 
the feeds for roughing may vary from 0.040 to 0.060 inch, and for 
finishing cuts on large diameters, where considerable accuracy is 
required, the feeds should be 50 per cent finer with speeds increased 
25 per cent or more. Broad-nosed tools cannot be used to advan- 
tage for finishing steel castings, as they are inclined to tear the 
metal and leave it rough. The use of lubricant is assumed when 
cutting steel castings, and the tools must be lipped and ground to 
suit the material. 

Malleable Iron 

Roughing cuts on diameters up to 8 inches can be made with feeds 
from ^ to ^ inch, and finishing feeds are about the same as for cast 
iron. The use of lubricant for malleable iron is recommended. 

Machine-Steel Forgings 

The feeds will range from 0.020 to 0.040 inch for roughing cuts on 
diameters up to 8 inches. For finishing, the feeds should be 
decreased from 20 to 30 per cent, and the speeds can usually be 
increased from 30 to 50 per cent. For larger diameters, when the 
finish allowance is considerably greater, the maximum feed can 
seldom be over ^ inch, and in many cases not more than ^ inch 
is permissible. Finishing cuts on large diameters are generally 
about the same as for cast steel, always assuming that a plentiful 
supply of lubricant is provided, 

Machine-Steel Bar Stock 

It is difficult to give feeds on this class of work, because diameters 
are frequently reduced by taking a very deep cut with a fine feed, 
but when box tools or universal turning tools are used, and when the 
stock reduction is not more than to J inch, a feed of from 0.020 
to 0.040 inch can often be used. In forming cuts and for greater 
stock reductions, the feeds may vary from 0,002 to 0.015 inch, 
depending upon the shape of the form to be cut and the method of 
applying the tools. Finishing cuts are seldom made with a coarse 
feed, but speeds are increased in many cases as much as 50 per cent, 

Tool-Steel Forgings 

Roughing cuts on small diameters up to 6 or 8 inches with a 
depth of cut not exceeding J inch can usually be machined with 
feeds from 0.012 to 0,020 inch, and occasionally a feed of 0.030 inch 
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can be used, if the forgings have been thoroughly pickled and 
annealed. For finishing cuts, the feeds must be finer, although the 
speeds can usually be increased about 25 per cent. On large 
diameters, feeds from A- to inch are possible in some cases 
when the depth of the cut does not exceed | inch, but in estimating 
work of this kind it is seldom safe to exceed a feed of inch for 
roughing cuts. Finishing cuts for large diameters can be slightly 
coarser, if great accuracy is not required in the product and if the 
appearance of the work is not of primary importance. Otherwise 
fine feeds must be used and the tools ‘‘lipped” to curl the chip, in 
order to remove the metal easily and leave the surface smooth and 
clean. Lubricant must always be used on this kind of work and 
any boring tools for deep holes must be designed so that lubricant 
can be carried to the cutting edges. 

Steel Alloys 

Roughing cut feeds are usually about the same as for tool steel 
forgings. It is safe to follow the procedure noted in the preceding 
paragraph, unless it is possible to obtain a sample of the alloy on 
which tests can be made to determine the feeds and speeds possible. 

Yellow Brass 

For roughing cuts on work up to 8 inches in diameter and having 
a finish allowance of from to | inch, feeds from 0.020 to 0.040 
inch can be safely used. It is not advisable to go much beyond 
these feeds, as there is danger of tearing the metal, so that the 
finishing cuts will not remove the marks made in roughing. For 
finishing cuts, tools should be ground with a “drag,” and, when 
only a small amount is allowed for the finishing cuts, the feeds can 
be quite coarse, even with Yery high speeds. For roughing cuts on 
large diameters when the finish allowance does not exceed i inch, 
feeds as coarse as tV or even inch can be used in extreme cases! 
It is not advisable, however, to attempt to use too coarse feeds for 
the reason previously stated. In finishing large diameters, the 
same rule applies as that mentioned for small diameters, that is, 
coarse feeds and high speeds, provided the tool is ground with a 
drag. Some operators prefer to use finer feeds in finishing, but 
this is not necessary if judgment is used in grinding tools. 

Composition Brass 

Roughing and finishing cuts are approximately the same as for 
yellow brass, although they should be slightly more conservative, 
as the composition is generally somewhat harder than ordinary 
brass. 

■ , Bronzes. ' 

For roughing work up to 8 inches in diameter where finish 
allowances do not exceed ^ to inch on a side, feeds from 0.020 
to 0.040 inch can generally be used, depending considerably on the 
nature of the alloy. Phosphor bronze and manganese bronze are 
hard in their composition and the feeds used must not be too great. 
In addition to this, the scale on bronze castings is extremely hard 
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and has a strong abrasive action on the tools, so that they dull very 
rapidly. The speeds and feeds used in finishing can be consider- 
ably increased, but if good work is required, it is not advisable to 
use very coarse feeds, and an increase of 25 per cent over the 
roughing cuts will usually be found satisfactory. For larger 
diameters, when the finish allowances approach i to Jf inch, the 
feeds for roughing can frequently be 0,030 to 0.060 inch. In 
finishing large diameters slightly coarser feeds can be used than 
for the smaller sizes, but really coarse feeds cannot be applied to 
advantage if a good finish is desired. 


Aluminum 

The feeds for roughing this class of material vary greatly on 
account of the difference in the composition of the alloy. In 
general, very coarse feeds can be used for both large and small 
diameters, provided the tool is suitably ground. The writer has 
seen aluminum castings 10 inches in diameter machined dry at a 
cutting speed of 300 feet per minute and with a feed of | inch per 
revolution. It would not be advisable, however, to use speeds and 
feeds of this kind for estimating, because the nature of the alloy 
might easily make a great difference. Feeds for the majority of 
roughing cuts on small diameters, when the finish allowance is 
approximately I inch, can vary from 0.040 to 0.080 inch, and in 
extreme cases even more than this. Finishing cuts are possible at 
feeds from I to inch per revolution, when broad-nosed tools are 
used. For large diameters an increase of about 25 per cent is per- 
missible, in both roughing and finishing. It is advisable to be some- 
what conservative in setting feeds for this class of work, but it will, 
in general, be found that the production time is much better than 
the estimated time, provided the operator uses judgment and tries 
to obtain the highest possible production. 

Boring and Drilling in the Ford Plant 

Single-Point Boring — Ford V-8 Cylinders 

Metal removed 0.014 iticli 

Roundness and straightness 0 . 0002 inch 

Bores per grind of tool $00 

Speed: 520 revolutions per 
minute or 430 feet per 
minute. 

Peed o . 007 inch per spindle revolution 


Drilling — Ford 

Bronze. 

Copper 

Aluminum.. 

Malleable iron. 

Cast iron: 

Machined surface. .............. ... . 

Scale surface. 

Deep holes. 

Steel: 

Brinell 402 to 404 

Brinell 302 to 3S7 

Brinell 202 to 293 

Brinell loi to 196 

Brinell less than roo 


250 feet per minute 
ISO feet per minute 
300 feet per minute 
80 feet per minute 

100 feet per minute 
80 feet per minute 
80 feet per minute 

40 feet per minute 
SO feet per minute 
60 feet per minute 
70 feet per minute 
80 feet per minute 
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Feed pee Revolution— Fo]rd 


■" J 

'' .1-, 

1; 


I 

0.006 

0 . 008 

o.dio 

O.OII 0.012 

0.014 


li, 

g. 2i 3 


Power for drilling steel is about 2^ times that for cast iron. 

Power for feeds in steel is about 2 times that for cast iron. 

Cast Ieon 

Power for drills . . . F”'"' I I F" i if 2 "iF 

Horse-power. 0.14 0.29 0.57 0.87 i> 16 1-45 1-74 2.03 2.32 2.9 3. 1; 

Steel 0.36 0.72 ^ FTss 4.27 5 • 70 8^55; 

Peed horse-power for 


Feed horse-power for 
steel. 


0.36 

0.72 

2.8s 

4.27 

5.70 

8 - 55 

0.004s 

0.0059 

0.0071 

0.0078 

0.0084 

0 . 0093 

0.0081 

0.0109 

0.0130 

0.014s 

o.oiss 

0.0171 


: 6 . — SxANDAED Shapee Time Tables— Cutting 

For all cuts except keyways 


t inch, 
ough 
Cut 

0.062-In. 

Feed 


S-B 

S 2 o 


I Inch, i Inch, i Inch, 
Rough Rough Finish 

Cut Cut C.I. 

0.037-In. 0.02S-In. 0.200- In. 
Feed Feed Peed 


Finish. 

Cut, 

0.02S-In. 

Peed 


Head Head 

Peed, Feed, 

Rough Finish 

0.020 In. 0.010 In. 




O (U |£j 




itf wt 


IEel. 

In. 1180.13 


1180.13 


3 I18 0.13 


4 83 0. 19 

5 ^ 0. 19 

6 50 0-^7 

7 _ SPOyg? 

8 40 0.40 

9 40 0.40 

10 27 0- 5 €> 

11 270.59 

12 27 0,59 


2*0 ^ S a’o 2 o S o’© ^ & e 0 

|s I- |s ja |i3 |s 


59 I0.46I 83 [0.4 


40 0.68 59 0.68 27 0, 19 

40 0.68 40 1 .00 27 0. 19 

27 1. 00 40 1 .00 27 0.19 

27 1. 00 40 1. 00 19 0.26 

27 1. 00 27 1.40 19 0 • 26 

19 1.41 27 1.40 19 0.26 


118 

0.34 

118 

0.42 

II8 

I18 

0.34 

118 

0.42 

II8 

1 18 

0.34 

118 

0.42 

II8 

I18 

0.34 

83 

0.60 

II8 

118 

0.34 

83 

0.60 

II8 

118 

0.34 

59 

0.88 

II8 

83 

0.48 

59 

0.88 

83 

83 

oj 

40 

I. 25 

83 

83 

0.48 

40 

1. 2 Sl 

83 

59 

0.68 

271 

1.50 

59 

59 

0.68 

27! 

I . SO 

59 

'39! 

0.68 

271 

X.so 

59 
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Finish. Cut Based on ^j^^-Inch Depth 
Table Based on Gutting of Cast Bron 
Gonyersion Factors tor Other Materials 



M. S. & 

M. I. 

Forg 

St. 

Br. 

1 Cu. ■■ 

Tool 

Steel 

Cut 

I 

I 

1 ■ ■ 

I 

2 

Cut-Off or Part 

3 

3.9 


6 


Table 7. — Standard Shaper Time Tables— Setup 


Job Allowances, in Minutes 
Per Job: 

Table setup. 8 

Simple vise setup. ..... s 

Dividing head 10 

Angle iron 8 

Simple fixture. 10 

Complex... IS 

Dijff. fixture. , .......... 35 

Large angle plate. ...... 8 

Small angle plate. ...... 7 

V-blocks. 7 

Set Tool on First Piece: 

This will be/„i„‘ _ 

used mostly I | 

Tool Adjustment per cut: 

’•'Change tool and set cut 

with measure 1.20 

’•‘Set first cut with meas- 
ure same tool 0.8 s 

Raise tool by head feed 

(rough). o.io 

and start next cut 

(accurate). ........ 0. 18 i 

Raise tool by head feed I 
and return table for 

next cut..... 0.30 

Shift head 0.35 

^Rate Setter’s note. — 
These two units can be applied 
in the setup or in the per piece 
time, depending on the job re- 
quirements. 


Measuring Allowances, in Minutes 
Per Piece: 

Usitig scale { f 

Using micrometers i 

Using verniers 1.5 

Using bevel protractor. ....... 2 

. ^ (simple. ...... . I 

Using indicator medium 2 

( difficult. ..... 5 


Using gage. , . . . , 
Level and Square Up: 
+/ — ^ inch. ... 


-{-/ — 0.010 inch. 


+/— 0.00s inch. . 
■+•/ — 0.000s inch. 


Place, Remove, and Handle per Piece: 

Rough Finish 

Vise. .. ... o.so 0.75 

Shift piece in vise or 0.25 

Shift piece on angle (one 
bolt).. 0.2s 

1 . Straight clamp or bolt 0,7s 0.95 

2. Straight clamp or bolt 1.25 1.50 

3. Straight clamp or bolt 1.75 2.00 

4. Straight clamp or bolt 2.25- 2.50 

1. C clamp...... ... 0.90 I. IS 

2. C clamp 1.64 1 . 89 

3. C clamp. 2.38 2.63 

4. C clamp. ... 3.12 3.40 

Extra C clamp. ....... . 0.50 

Extra-straight clamp .. . o.6s 

Jacks I. o.is 0.30 

2 . . ..... 0.35 o.SS 

3. . ■ . ■ ■ • o.SS 0.80 

4 - 1. 00 i.so 


TURRET LATHE SPEEDS AND FEEDS 
Warner and Swasey recommend the speeds and feeds in Table 8 
for turret-lathe work, as a general guide for average work. 



* Water-soluble oil lubricant. f Kerosene lubrieant. t Cobalt 18-4-: 






NEGATIVE RAKE TOOLS 


ADVANCES m TURNING PRACTICE 

Two wartime developments in turning practice have been the 
wide use of carbide tools on steel and of tools with negative rake 
both for plain turning and especially for interrupted cuts. As with 
the new milling practice, the real advantage of the negative rake is 
the protection of the cutting edge of the tool. This is especially 
true in work with interrupted cuts, as it brings the first contact, or 
blow, behind the point of the tool where it is well supported. 



Fig, 13 a. — Zero and Negative Rake Turning Tools. 


In all high-speed work it is necessary to have the tool rigidly 
supported, a uniform feed, and sufficient power to pull the cut. 
Bearings and slides must be well fitted to prevent vibration. Tool 
shanks should be heavy, particularly on interrupted cuts, and steels 
that resist bending are recommended. 

The effect of back rake on cuts of different types can be seen in 
Fig. i$a. As seen at A, the side cutting angle protects the point 
by having the first contact with the work about the center of the 
carbide^ tip. The other illustrations show different conditions 
depending on the shape of the tool and of the work as it makes con- 
tact. In plain turning, as at A and some consider the zero rake 
desirable, while others prefer negative rake in nearly all cases where 
the cut is very heavy. 

Illustrations C, D and ^ show different contacts with interrupted 
cuts in which the angle of contact varies with the work itself. Her e 
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^ angle of degrees is preferred. Others prefer greater angles 
The main object is to secure a shear cut beginning behind the cut- 
ting point. This has been very successful in machining armor 
plate for tanks and elsewhere. One difficulty in turning armor 
plate is the tendency to work harden so that tools should be as free 
cutting as possible. Armor plate castings also flex rather easily 
under pressure and return to shape after pressure is released. 

^ In comparing turning and milling cutter speeds it must be remem- 
bered that in milling each tooth is free of the work for a portion of 
the time, while in turning there is constant contact, except in inter- 
mittent cuts. The nose of a turning tool, buried in the work 
inevitably heats far more than the tooth of a milling cutter. ’ 
Higher turning speeds can be used on many old machines if their 
bearings and other moving parts are in good shape. It is frequently 
only a question of having sufficient power to remove the metal at the 
high rate. It is also necessary to consider the relative importance 
of the cutting time as compared to the total time needed on the 
work.^ On short cuts, such as many turret lathe jobs, the time for 
handling the work is greater than the cutting time, so that the total 
time may not be materially reduced by speeding up the cut. In 
such cases it is often possible to shorten the handling time by using 
faster working chucks and fixtures. In many cases cutting speeds 
can be greatly increased, but experiment is necessary to determine 
the best speed for the particular job and for the machine being used 
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GEOTilLAL MACHIHmG OF FTONFERROUS METALS 

The growing use of such nonferrous alloys as aluminum, mag- 
nesium, and monel metal and of the various plastics, frequently 
grouped under the head of bakelite, makes it seem advisable to 
group the suggestions from various sources, as to tools and methods 
of machining these, under one heading. This seems to be more 
I convenient than to divide the information among the sections deal- 
ing with the various operations to be performed. 

Tools for High-Kickel Alloys 

Correct combinations of tooling, speeds, feeds, and cutting com- 
pounds give satisfactory results in machining such materials as 
monel, nickel, and Inconel. Monel contains approximately two- 
thirds nickel and one-third copper. Inconel is approximately 78 
per cent nickel, 14 per cent chromium, 6 per cent iron, 2 per cent 
other elements. 

Tungsten high-speed steels of the 18-4-1 type, with 6.70 to 0.75 
per cent carbon content, are most satisfactory for general machining. 
Tools should be of 58 to 60 Rockwell C hardness for machining 
operations where cutting is intermittent and the tool is subjected 
to impact and for heavy roughing. For light smooth lathe turning 
I and for automatic machining, tools with 61 to 63 Rockwell C hard- 

f nesses are best. For light cuts and high-speed machining, the 

super high-speed steels, containing cobalt and molybdenum, give 
best results. 

Because of high heat generated in machining high-nickel alloys, 
carbon tool steels are not satisfactory. . Stellite, tungsten, carbide, 
and tantalum carbide, properly used, are best. Grind with a 
j slightly larger true rake angle than for mild steel. Figures 14, 15, 

I and 16 show tools for various operations on high-nickel alloys, 
j In machining the harder alloys. Inconel, and K monel, the clear- 

i ance angle ^should be kept at a minimum. On heavy, rough 

[ machining, it is best to grind a land about ^ inch wide at the cut- 

I ting edge. 

! Rough turning, rough planing, and shaping may be done dry, but 

j it is essential to use a cutting oil for all other cutting operations, 

* This increases the machining speed from 25 to 50 per cent, and 

f results in a smoother finish. 

Sulphurized oils give best results. Any tarnish is readily 
removed by soaking the work for 20 to 30 minutes in a cold 10 per 
cent solution of sodium cyanide. 

All lubricants should be thoroughly removed from the machined 
pieces if they are to be subjected to high temperatures either during 
f subsequent fabrication or in service. 

Automatic Screw Machine WorkA 

In Table 9 are recommended speeds and feeds for automatic 
1 screw machine turning on R monel. 

J I W. F. Burchfield^ Research Department, International Nickel Company. 

I ' 

I 
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Standard twist drills have proper angles for general-purpose work. 
Only high-speed or super high-speed steel drills should be used, with 
polished flutes. Sulphurized cutting oils give best results. Recom- 
mended speeds for regular monel and nickel are between 40 to 60 
feet per minute with the same feeds for mild steel. R monel may 
be drilled at a speed of 60 to 75 feet per minute. Lower the drilling 


Table 9.— Recommended Speeds and Feeds eor Automatic 
Screw Machining op Grade R Monel 


Operation 

Width of 
Cut, in 
Inches 

Peed, in 
Inches 

Speed, in 
Feet per 
Minute 

Box tool; 




Roughing. 

( 

0.006 

125 

i rW 

0.005 

0 . 004 

125 

125 

Finishing 

U 

0.005 

0.010 

125 

Cut-off: ” i 

Circular tool \ 

^ to i 

0.001 

125 

Straight tool 

Stock under | inch diameter 


0.0005 

125 

Forming tool: 




0.0006 

1 : t2S 

Circular. 

Ji to i 

0 . 0005 

\ 125 


) f to i 

0 . 0004 

i 125 

Balance turning tool: 

U 

0.00025 

125 

Turned diameter under inch. 

\ $ 

0 . 006 

125 



0.005 

125 

Over inch. 

1 i 

0.012 

125 



0.010 

125 


Speed to 30 to 45 feet per minute for Inconel and to 20 to 30 feet per 
minute with 75 per cent standard feed for soft K monel. 

Helical-fluted high-speed steel reamers with narrow lands and 
well-polished flutes are best. Reamers must be kept sharp. Speeds 
for reaming are 25 to 35 feet per minute for monel and nickel and 
10 to IS feet per minute for K monel and Inconel. Reaming feeds 
are about twice the drill feed for the same size hole. 

Thread chasing should be done with self-opening dies, which 
should have a 15-degree hook, as shown in M, Fig. 14. In thread 
chasing, turn the rod slightly smaller than standard as the high- 
nickel materials will flow into the grooves of the dies, giving fuU size 
threads. A speed of 20 to 25 feet per minute is suggested for thread 
chasing monel and nickel. For K monel and Inconel 10 to 15 feet 
per minute. For R, speeds are 25 to 35 feet. 

In lathe threading monel, the tool should have a back rake angle 
of 6 to 9 degrees and a side rake angle of 9 to 12 degrees, as at N, 
Fig. 14, V threads may be machined in monel and nickel at 25 feet 
per minute with light cuts, and Acme or straight threads at approxi- 
mately 10 to 1$ feet per minute. For K monel and Inconel, reduce 
these speeds to 15 feet per minute for V threads and to 5 to 10 feet 
per minute for straight or Acme threads. 


I, 
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In tapping, use a drill of slightly larger diameter than standard 

National standard, four-fluted high-speed steel, plug taps, with 
ground threads and 7-degree helical flutes or four-fluted hehcal 
pomted plug taps are best for machine tapping. The plug taps ha 4 
a four- or five-thread chamfer, more is better. The flutes^srive a 
15-degree hp, and the tap should be “backed off.’^ Omi inch and 
larger sizes, the skip-thread tap gives excellent results. 

Regular monel and nickel may be tapped at a speed of oq to 
25 feet per minute; K monel that has not been heat-treated and 
inconel at 12 to 15 feet per minute; R monel at 25 to feet npr 

minute in automatic machines. ” 

Lathe aM Planer Work 

The only instruction is that the cutting edge of the tool be set 
above the center of the work. But, when turning K monel or 

jn ,'Mafencrl /"x2"HS.sfee/ 
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LATHE TOOL SET-UP 


Fig. 15. — Tools for High-Nickel Alloys 

Inconel with tools ground with a land, the cutting edge of the tool 
must be set on center. 

The cuts, feeds, and speeds given for lathe turning in Table 8 are 
merely guides. They are based on wet cutting and should be 
reduced 20 to 35 per cent for dry cutting. These speeds must be 
reduced for boring operations. 

The ^tup for planing or shaping is no different than for mild 
steel. Roughing is usually done dry, but a cutting oil for finishing 
cuts and for parting gives a better surface. 
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I Correct designs of planer and shaper tools a.re shown in Fig. 14 at 
GyHy l and J, and in Fig. 15 at JS. Table 11 lists some feeds, 
cuts, and speeds used on production jobs and will serve as a guide 
in setting up for planing. 

Milling chips from these materials do not break up but tend to 
curl. To facilitate the removal, the cutter should be ground with a 
! 10- to is-degree back rake from the cutting edge. Coarse-tooth 

! cutters are preferred. Plain or barrel milling cutters should be of 

the heavy-duty helical-fluted type. Alternating tooth or inter- 
locking side millers are best for deep holes or for slitting. If only 
straight-tooth milling cutters are available, the sides of the teeth 
should be cut on a slight taper, widest at the cutting edge. For 
narrow slotting, high-speed-steel slitting saws with alternate teeth 
chamfered are most satisfactory. This type of circular saw, which 
is used for cutting copper, is ground concave on the side for clearance. 
I For general practice, in milling monel metal and nickel, use an 
average cutting speed of 50 to 65 feet per minute, with a feed of 
0.005 to 0.010 inch per tooth, depending on the depth of cut. 
With Inconel and K monel that has not been heat-treated, the sur- 
face speed of the cutter must be reduced to around 40 feet per 
' minute with a feed of from 0.003 to 0.006 inch per tooth. 

I TABI.E 10,— Recommended Cuts, Feeds, and Speeds por Lathe 

Turning ' 


Cut, in inches . . 

it 

"is 

' is ' ■ 

1 


1 

Peed, in inches . 

isf iit 

ity -hy is 

isf is 

it, -h, is, i 

is, is, i 

is, i, is 

Wrought monel 

170, 140 

IIS, 100 , 

9 S, 80, 

8s. 70, SO, 

5 S. 45 , 

35 , 30. 

nickel 


8s 

SS 

45 

35 

25 

Wrought K 
monel' (un- 

I2S, 90 

7 S. 6s. 

60, 45 , 

SO, 40, 37 . 

35 . 30, 

25, 20, 

hardened ) 


SO 

1 35 

I 30 

25 . 

IS 

Inconel 



■ 

1 




Cutting speeds in feet per minute. 


Table ii. — Feeds and Speeds for Planing (Heavy Work) 



Roughing 
Tool, 
Fig. 7 

Finishing 
! Tool, 

! Fig. 8 

i ■ ■ ' ■ 

Parting 
Tool, 
Pig. 6 

Depth of cut, in inches 

Feed, in inches 

is i 
is ^ 

4 

4 

0 . 020 

W 

0.015 

■h 

0.010 

I 

0,005 to 
0.010 

Forged monel metal — nickel. ...... 

Forged unhardened 2K monel — 

25 25 

25 

25 

25 

35 

30 

30 

Inconel. . .... , 

IS IS 

IS 

IS 

IS 

25 

20 

20 


Cutting speeds in feet per minute. 


Monel metal shrinks J. inch to the foot in castings; should be 
poured at 28oo°F. Gores should be made of washed silica sand and 
raw linseed oil, about 25:1 for large cores and 60:1 for small cores. 

Pickling. — For heavily scaled monel, soak in 10 per cent (by 
weight) hydrochloric acid for 30 minutes at i8o°F.,, then dip in a 


352 


TURNING AND BORING 


sodium dichromate solution for s to lo minutes at room tempera- 
tures.^ This solution is made by dissolving o.i gallon of sulphuric 
^6°B6.) and i.i pounds sodium dichromate in i gallon of water 
For unsealed monel, use i gallon of water, 1.5 gallons of sulphuric 
acid (66°B6,), 2.2 gallons of nitric acid (sS^B^J, cool, and add o 2 
pound sodium chloride. 

_ Welding.— Monel metal welds readily by gas or electric method. 
Monel rods should be used. Welding tip should be one size larger 
than for steel. An electric welding flux has been specially devel- 
oped. Monel metal rods make a machinable weld on cast iron. 
Monel metal is easily soldered and brazed; clear Surfaces are 
necessary. 

Drawing and Punching. — Reduction of diameter and depth of 
draw are about as for steel, but corners of dies should have a larger 
radius to prevent tearing. Metal is sticky’^ and tends to adhere 
to soft dies. The diameter of the first cup is usually about two- 
thirds that of the blank. Reduction of 30 per cent in gage may be 
had in one draw with slight reduction in diameter. Clearances are 
usually greater thp for steel; runs 0.010 to 0.015 inch on metal from 
0.1021 to 0.078 inch. Greater power required than with steel 
Proper adjustment of pressure plate and blank holder prevents 
wrinkling. Anneal at 1400 degrees between draws. Punches are 
designed about 75 per cent stronger than for steel, with same 
clearance angles. 

Spinning.— Owing to toughness, monel metal is harder to spin 
than copper, brass, steel, or silver and requires more frequent 
annealing. Spinning tools should be brass, bronze, wood, or tool 
steel, not soft steel. Lubricate with tallow. No change necessary 
from ordinary speed of lathe. 

Nichrome 

Nichrome is a trade name for a specific mixture of nickel and 
chromium. It retains strength at high heats and resists continued 
or repeated exposure to heat, as in annealing and carburizing boxes; 
it also resists nitric, hydrochloric, and sulphuric acids. Its prop- 
erties are: 


Tensile strength 64,000 pounds 

Elongation in 2 inches. — 3|- per cent 

Reduction in area 2 per cent 

Melting point. 25oo®F. 

Specific gravity. ................. 8 . 06 

Weight per cubic inch (cast) 0.29 pound 

Brinell hardness. ...................... 157-187 

Rockwell hardness. B-83-“94 

Scleroscope hardness. .............. 30 


Nichrome welds readily by arc or flame. Preheating is necessary 
pd the weld surface must be clean. Flux is needed in flame weld- 
ing, but not in arc. Nichrome cannot be cut successfully with a 
torch, because it does not oxidize readily; a hack or cold saw is 
better and cheaper. 
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Niclirome castings can be macMned readily with any good higb- 
speed cutting steel at a speed of about 1 8 feet per minute. Because 
of tbe toughness of the alloy, the tools must be ground with special 
angles. These particular angles have 
been worked out, and Fig. i6 shows 
how tools should be ground for machin- 
ing and threading Nichrome and Cimet 
castings. 

Machining Aluminum and Its Alloys 

Successful machining of aluminum 
and its alloys requires different tools 
than for steel and free-cutting brass. 

The tools should have appreciably 
more side and top rake than the tools 
for cutting steel; they should have very 
keen edges supplemented by hand ston- 
ing with an oilstone and used with 
suitable cutting compounds. 

Except for aluminum alloys high in 
silicon content, carbon steel and high- 
speed steel tools may be used satisfactorily. Carbon steel tools 
may generally be maintained with a keener cutting edge. Ce- 
mented tungsten carbide tools are necessary for machining the 
high-silicon alloys, notably *‘Lo-Ex^* No. 132 piston alloy. Carbide 
tools are also superior to carbon and high-speed steel tools in 
production because keen edges are maintained over long periods 
without regrinding. Diamond tools are often used for boring holes 
where a fine, accurate finish is desirable, such as piston pin holes. 

Cutting Speeds.-— Aluminum can be machined best by using high 
speeds and fine to medium feeds. Surface speeds from 500 to 800 
feet per minute are possible under some conditions with ordinary 
carbon steel tools, and appreciably higher speeds with high-speed 
steel and carbide tools. The feed may vary from J inch for rough- 
ing cuts to a few thousandths for finishing cuts. An increase in the 
amount of metal removed from the stock can often be obtained to 
better advantage by increasing the speed rather than the feed. 
The work should be cooled before calipering and finishing to size. 

Cutting Lubricants. — ^For many purposes a soluble cutting oil is 
good. Ordinary carbon oil or kerosene will often serve but #orks 
better when mixed with lard oil, usually in equal parts. For heavy 
cuts and. slow feeds, such as in roughing work or tapping, pure 
lard oil is good. Cutting compounds of parafl&n oil are unsatis- 
factorj^. For milling, sawing, and drilling, the soluble cutting oils 
are satisfactory and more economical than kerosene or kerosene and 
lard oil lubricants. ^ ^ ^ 

Lathe Tools.— Using the round-nosed toolj Fig. 1 7, the tool 
should be set to have proper clearance and not curl the chip more 
than necessary. Before &iishing with the tool, its edge should be 
restoned. Set the tool considerably higher on the work than when 
machining brass or steel, preferably on a diameter of the work, 
making an angle of 45 degrees with the horizontal. The tool shown 
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Figs. i> to sa.—Cutting Tools for Aluminum 

Rwharpen by holding the bit by its shank in the chuck or collet 
Of a tool grmder or a lathe and grinding outside diameter. After 
each grmdmg, the tool should be stoned. The bit in the holder may 
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be rotated to various positions and adjusted to dilferent working 
conditions. Tbis form may be used for both rough turning and 
finishing cuts. Parting tools should have from 12 to 20 degrees top 
rake and be stoned. Front clearance angle should be decreased to 
about 3 or 4 deg. Facing tools should have a side rake similar in 
amount to the top rake of the outside tools. 

Planer and Shaper Tools. — The tool in Fig. 19 may be adapted 
to planer and shaper work by using a holder, Fig. 20. This tool 
may be used for both roughing and finishing. For heavy roughing 
cuts, a side cutting tool, Fig. 21, can be used. The roughing tool 
should do nearly all of its cutting on the side of the tool, whereas for 
finishing work, the cutting should be done with the front or bottom 
edge of the tool. Finishing tool, Fig. 22, should be used for light 
cuts with fine feeds only. 

Milling Cutters. — Milling cutters, straddle mills, end mills, and 
similar cutters work to best advantage if they are of the coarse- 
tooth helical type and have considerable top rake. Milling cutters 
with nicked teeth assist in decreasing the chip size. Inserted tooth 
face-milling cutters should be designed with appreciable top and 
side rake. Helical milling cutters work well if the cutting edges are 
provided with suitable top rake. 

Threading Tools.— It is desirable for threading dies or thread 
chasing tools to provide special rake and clearance. Threads may 
be chased in' the softest aluminum, using a single-pointed threading 
tool with considerable top and side rake. Hand and machine taps 
will produce smooth and accurate threads if they have helical flutes. 
Such taps should have a right-hand helical flute when intended to 
cut a right-hand thread. The gun tap, Fig. 23, will often work 
satisfactorily when there is room for the chips to be forced ahead 
of the tap. Slightly oversize taps assist in maintaining required 
dimensions of holes in aluminum and its alloys. Thread chasers 
for self-opening dieheads and collapsible taps should be ground with 
appreciable top and side rake. Generally speaking, tapping speeds 
are slow and depend upon the size of the tap drill used, the depth 
of the tapped hole, and the alloy tapped. In some cases, tapping 
speeds approximately equal to those used for steel may be used. 
Screw machine products are generally provided with about 67 per 
cent of full thread. 

Twist drills sometimes give trouble. They should have keen 
edges and a copious amount of cutting compound. For some work, 
the single-fluted twist drills are superior to the usual form of drill. 
Drills with a sharp helix angle work well. Reamers with helical 
flutes are best. 

Saws.~-Saw teeth should have considerable top rake and some 
side rake. Saws of the alternate side-rake type or those of the chip- 
breaker type (teeth of alternate square and rounded front profile) 
may be used. A side rake of 15 degrees is recommended for the 
former. For either type, a front dr top rake of 10 to 25 degrees is 
recommended. To use a saw with much front rake, the sawing 
machine must be provided with a positive feeding device to prevent 
the saw from feeding into the work too rapidly. 
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Machining Nonmetallic Materials 

Generai. 

Gemented-carbide tools are preferred for machining Formica 
Micarta, and Textohte because these materials are abrasive’ 
High-speed steel tools are frequently used for small-quantity work 
but carbon steel tools are not employed. Diamond tools are rarelv 

‘ ^ some coS 

effect for toUmg operations and is useful in removing chips and dust 
in this and other operations. ps ana oust 

Formica 

Formca fa a laminated gear material made by the Formica 
Insulation Company, Cmcinnati, Ohio. The material is mad 7 ?f 
cotton duck impregnated With a phenolic resin. 
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Fig. 24.— -Tools for Formica and Similar Materials 

outside ^ameter and sides of gear blanks are 
f Such tools must have 3 to 5 

degrees more rake and clearance than are common for metal turning 
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tools. Speeds up to 750 feet per minute can be used successfully. 
Cut can be from ^ to | inch, but the feed should be 0.030 inch, 
regardless of the cut. The tool should overlap the feed. Provision 
should be made in grinding the tools so that they clear themselves. 

Threading. Chasing tools require special rake and clearance 
from 3 to 5 degrees more than is common practice with metal. 
Bieheads do not require special rake and clearance. They are 
operated at a relatively slow speed and are backed off a short 
distance in every inch of threading. Neither taps nor dies require 
special grinding. High-speed and ground taps produce the best 
results. Tap-drill sizes recommended are the same as those com- 
monly used for metal. 

DriUing.— The cutting point of the drill should have an included 
angle of about 55 degrees. Rapid feed prevents the drill from 
lagging. For holes more than J inch deep, the drill should be with- 
drawn momentarily to cool and remove the chips. The minimum 
preferred speed is 1,200 revolutions per minute. 

Gear Cutting.-— Teeth may be cut on a hobbing or milling machine 
or a shaper. Assuming a 3-inch hob with 10 teeth, the speed would 
be ISO feet per minute and the feed from 0.090 to o.no inch per 
revolution. 

MicartA', 

Micarta is a product of the Westinghouse Electric & Mfg. Co. It 
is made of either a paper or fabric base and a synthetic resin. The 
data following are from the company's experience. 

Tuming.^ — ^In general, high speeds, fine feeds, and light cuts are 
best. If high-speed steel tools are used, the speed should be from 
100 to 12$ feet per minute. Where roughing and finishing cuts are 
taken, a high-speed steel tool is not essential for the first operation 
but should be used for the second. About 0.010 inch of stock 
should be left for the finishing cut. An exhaust system should be 
provided. 

Threading.— Chasers should be made without the hook used in 
cutting steel. Plenty of chip clearance should be used on taps and 
dies as Micarta has a tendency to choke the tap. No undercut 
or hook on the flute is necessary, but a slight hook on the lead helps 
to start the chip to curl. High speed taps are preferred except in 
extremely small sizes. Ground taps are not usually necessary. 
About 70 per cent full thread is recommended. Standard tap-drill 
sizes are satisfactory. Small holes (under i inch) are machine 
tapped at a speed of 200 revolutions per minute, or under. Larger 
holes are hand tapped. Medium-size holes are tapped with a 
siow-speed drill press fixture at 40 to 60 revolutions per minute. 

Drilling.— Included angle of drill should be 49 to 50 degrees. 
The face of the lip should have the hook removed as for cutting 
brass. The grade of Micarta has an effect on the cutting speed and 
feed.. For Micarta with a cloth or paper base, holes up to J inch 
in diameter can be drilled at a speed of 1,600 revolutions per minute. 
The asbestos grade requires slower speeds of 800 to 1,000 revolutions 
per minute. Holes from i to f inch require speeds from 500 to 800 
revolutions per minute. For holes from | to i inch the speed 
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should he from 8o to 200 revolutions per minute, and abovp t in 
a^counterbore should be used. Use hand fJed o 5 

^ for wood can be' used 

When drilling straight through on thick material, it is necessary tn 
clear the drill about every | inch. j ‘a accessary to 

Milling.— -A standard cutter may be used at a soeed and 
conespondmg to those used for bronze or soft steel. 

^chmg.— Dies should be designed the same as for punching 
metal^, except that smaller clearances should be allowed.^ In cold 
shdin^Tt that this clearance be small and approach a 

punching thickness for any grade is i inch 

Sd?g 

Sawing. Material up to i inch thick should be cut with a io-incli 
saw working at 3,000 revolutions per minute. Above i inch thick 
saw, running at about 1,600 revolutions per minute is 
htlpl Roughmg cuts should be made with a saw having a 

S f finishing, a smooth stw 
similar to that used for metal (no set) should be used. 

Textolite 

• Textolite is a product of the General Electric Company. It con 
sists of canvas coated with a synthetic resin as a binder, 
iiirnmg.— The tools used by the company have tungsten-carbide 
square bits. These tools are ground 
With no top rake and with 6 i degrees clearance on the end and sides 
A very keen edge must be maintained. When tools become too 
duU to cut Textolite, they will still work satisfactorily on metals 
win usually the highest speed that the machine 

^ 500 or 600 feet per minute. Roughing cuts range 

^ ^ ^ch’ finishing cuts not less than inch. ^ 

ihreadmg.— The rake and clearance on chasing tools are the 
same as those used on turning tools. Special grinding is not 
necessary for taps and dies. High-speed ground taps have been 

Sed^for sizes are the same as those 

ff ^®st work IS tapped by hand. For production 

L^entine ^ of very light oil or 

results are obtained with twist drills having a long 
l^d and with the hps ground thin and with little rake. An ah 
f^^d^ ^ 1! ^ work is done with hand 

WHh tfie speed is 1,800 revolutions per minute. 

^ operating at 3,600 revolu- 

SCd Skctoy 

be^puacbed readdy in thicknesses up 
tn I relieved on a taper of about i degree 
the surface. This relief will minimize 
splitting around the edge of the punched part. Punched holes 
contract slightly, so that it is necessary to make punches 
shghtly larger than the hole desired. The increase in punch 
diameter is equal to approidmately 3 per cent of the thickn^s of 
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the material When thick pieces are being punched, it is desirable 
to use a shaving die. 

Some grades of Textolite can be punched cold, but it is -worth 
while to heat all material before punching. This is Usually done by 
la3dng the strips on a steam plate which should not have a tempera- 
ture higher than 3oo°F. The Textolite should not be left on the 
plate for an extended period. 

Hard Rubber 

Turning.— Shapes of cutting tools are given in Table 12. High- 
speed steel is recommended for turning tools. Tungsten-carbide 
tools are used when the savings justify the expense and because they 
avoid frequent resharpening, improve the finish and accuracy. 
Where accuracy demands, diamond tools are used, but cannot be 
employed on interrupted cuts. With coolant, turning, facing, and 
boring operations can be done at a speed of 300 feet per minute; 
dry, the speed is reduced to 200 feet per minute. A large screen 
area should be provided in coolant reservoirs to remove floating 
rubber particles. It is recommended that wet grinding wheels be 
used in place of turning wherever possible. 


Table 12.— Tool Shapes por Hard Rubber 


Operation 

Tool 

Top 
Rake, 
in De- 
grees 

Side 
Rake, 
in De- 
grees 

!■ 

Clear- 
ance, 
in De- 
grees 

Notes 

Turning . . 

Facing . . , - 

/Steel (lathe) 

j Form tools 

1 Tungsten car- 
\ bide tip 
/Roughing dia- 
) rciond 
] Finishing dia- 
V mond 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

10 to 20 

IS to 20 

10 

10 ■ ■ i 

10 . ■ 

If consistency of stock 
causes tool to tear, 
tilt forward to in- 
crease clearance and 
provide negative rake 
of s to 10 degrees 
Round nose ^ inch 
radius 

Round nose ^ inch 
radius 

Threading. 

(Tap, 1 

1 Die 

] Diehead 
r chasers 

Snub slightly 
Snub slightly 
Negative 
rake, 15 de- 
grees 


Grind flutes deep as 
possible. 


American Hard Rubber Company, 


Threading.— Tables 12 and 13 give information on the grinding 
of chasers, as well as the speeds recommended. High-speed taps 
and chasers are preferred. No special table of tap-drill sizes has 
been developed. When cutting coolant is not available or practical, 
machine oil should be applied to taps and dies. If the tolerances 
are very exact the taps should be made 0.002 to 0.003 inch oversize 
for taps up to No. 6-32; 0.005 to 0.006 inch oversize for taps up to | 
inch; and 0.006 to 0.010 inch oversize for taps from | to i inch. 
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High-speed driU^aS^preferred.^^ 13. 

steel increases the cutting speed and drill life idfl? ^ 

IS from 35 to 40 deeree<f hiif ic ^ i<^eal helix angle 

and in drills made by the OeveS^^^^^^ diameters 

sizes below i inch Dril] 

_ Table i3.~Speeds eoe Machining Hard Rotber 


Operation 


Diameter, in inches . . 
opeed. revolutions per 

_ minute 

Feed, in inches. 


Nominal size, in Inches 
opeed.in feet per minute 


To ^ 

i 

f 

i 

1 

i 

1 

4,000 1 
0.00s 

3,000 

0.006 

1 2,000 
0.008 

1 1,550 
O.oio 

1 1,200 
O.OII 

1,000 

0.012 

750 

0.014 


Tapping (Pipe Sizes) 


Up to ; 
200 


2| 

3 

100 ■ j 

75 


4 

"55 


... ..fSTfeiL-eia ‘A .0. „k..„ 

per wide, j t. 8 p„l.a 

for rougli sawing. For cuttmR off results 

abrasive wheels, such as the ^ortnn ^ strips, 

Carborundum “Carte 3 ° Grade R 8 or a 

wheel should be ateut 8 inches L diameto^^ 

at 10,000 feet per minute For sawino- thick, running 

ing saws may be used- a la Lrh f f°Uow- 

borundum So-Ca or “Carlo Car- 

about is,ool feet per mSu?e ^^“°^ at 

rubto 1 ^|;~Sft 7 fth wa&’^^th”fut”?"'' 

face IS black and smooth but if lubricant, the sur- 

or less rough and will b^ tetw/S cllor ^ 

types of work are: used for various 


Article 


Penholders — ^pipe bits 

Kods or tubes 

Rods or tubes 


Wet or 
Dry 


iw! *“ about r ihih 'thiit; ; ; ; • K 

bheets over i inch thinV . iJry 


Wet 

Wet 

Wet 


Dry 


Wheel 


30 Lf Staralon 
SP K Silicon 
24 L Alundum 


American Sard Rubber Company. 
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Table 14.— Depth op Cut and Teed 


Surface 


Rough, cut. 


Finish cut. 


Depth of Cut, 
in Inches 


it 


f 

i 


Peed, in Inches 


Turning 


0.02s 

0.023 

0.020 

0.018 

0.017 

0.016 

o.ois 

0.012 

0.012 

O.OII 

0.010 


Boring 


O.OlS 

0.016 

0.014 

0.012 


o.oop 
0 . 009 
o. 008 


American Hard Rubber Company* 
Fiber 

Turning. — Fiber is an extremely hard and tough material, and 
tools must be kept sharp to obtain the best results in machining. 
The material is slightly elastic and tends to impinge against the 
back of the tool and to generate heat. Generally, tools for cutting 
fiber should be ground about the same as for cutting brass; The 
peripheral speed should be about 30 per cent faster than for cast 
iron, using a coarse feed and a wide-nosed tool. Large clearance, 
but no rake, f should be employed. Lubricant is not needed. 
Diamond cutting tools are satisfactory for light cuts on close work. 

Fiber tubes and rods can be successfully machined in automatic 
screw machines or hand turret lathes. When tubes of the correct 
size can be secured, they will generally give better results than rods. 
The following are the recommended cutting feeds on automatic 
screw machines: 


Drilling 0.007 to 0.010 inches per revolution 

Turning o.oio to 0.015 inches per revolution 

Forming. 0 . 0015 to 0 . 002 inches per revolution 
Cutting off 0 . 002 to 0 .003 inches per revolution 


^ — Both solid and self -opening dies are used, but the 

self-opening type is best except with short thread lengths where the 
threads may be torn off in opening the die. A smoother thread is 
obtained by stoning the dies to a negative rake of 7 degrees and 
slightly dulling the cutting edge with a V-shaped stone. Tap drill 
holes should be made from 0.002 to 0.006 in. larger than when 
tapping brass or steel. Tap drills cut fiber a few thousandths below 
size unless ground slightly off center, A very little oil will give an 
easier flow of chips. 

Dthling.— Eun drills at the highest speed possible without 
burning the tool. A i-inch drill should run at 2,500 revolutions per 
minute, and a No, 60 drill at 10,000 revolutions per minute. High- 
speed or special bakelite drills with greater helix, narrow web, and 
wide flutes are recommended. The drih should be ground with 
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a Uberal clearance^and should not be forced. Fiber should always 
be drdled perjjendicular to the grain when possible. Diggine in 
may be mimmized by stoning the cutting edge to give it t sLS 
negative rake. 

Milling —WitK^ standard milling cutters, high speeds and feeds 
give the best results, as to both finish and length of time between 
gnnds. Two-bladed fly cutters for form work should be run at 
higher speeds but with slower feed. A high speed and coarse feed 
will throw the chips away from the work and will prevent a rubbinir 
action that dulls tools quickly. For deep slots, use side millinf 
cutters because fiber will bind if straight-side cutters are emploved^ 
bawmg.— A smooth polished edge can be obtained with a hollow- 
ground circular saw without set to the teeth. A satisfactory 
circular saw for stock up to J inch is 14 inches in diameter, with no 
^ j i to ^ inch thick at the outer edge . The saw 

should be run at 2,500 to 3,000 revolutions per minute. Bandsaws 
with 5| points per inch and 19 gage thickness are satisfactory 
the widths vary from i inch for scroll sawing to ij inches for heavv 
sheet sawing. A bandsaw should run at about 4,000 feet per 
mmute and will last from i to ij hours on finch fiber, and i hour 
on -^-inch fiber before sharpening is necessary. 

Bending and Forming.— Fiber should always be bent parallel to 
the gram (long way of the sheet), because it is difficult to bend fiber 
across the grain without breaking. It is general practice to soften 
the material by immersing in hot or cold water and then drying it 
out in heated forms under sufficient pressure to keep the shape 
desired. If the material can be steamed instead of immersed it 
will require less time to set. 

Punching.— Blanking, piercing, and shaving operations on fiber 
can be done with ordmary punch presses. The punches should be 
aldose fit in dies for best results. Fairly smooth edges can be 
obtained in stock up to J inch thick without heating. Above this 
thickness it is advisable to heat the stock to iSo^F. When a rough 
^ge IS not objectionable, thicknesses of f to J inch can be punched. 
JJies for fiber should not have any taper clearance. Punch will 
^ smaller than itself. Blank 

should be 0.001 to 0.0008 inch larger than the hole in the dieplate 
the allowance increasing with the thickness of the stock. ’ 

Shavmg.— The cutting edge of shaving dies should be about 
45 degrees. No clearance is given to the first J inch of the die, and 
mes can be ground without changing size. A better edge can be 
had by usmg a roughing and finishing cutter. Fiber has a tendency 
ixr ®^^^™^tion of the difficulty will be obtained by heating 
it to 180 h If the cutting edge on a shaving cutter is mouthed out 
very slightly with an oil stone, the stock will bind slightly in passing 
through, will prevent chatter, and will tend to smooth and polish 
the edges. Stock up to if inches thick can be smooth punched by 
successive shavmg operations. 

StelHte J-Metal 

The cutting speeds and feeds for turning, facing, and boring, 
supplied by the Haynes Stellite Company, represent average 
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Malleable Iron 

Feed per 
Revolution, 
in Inches 

K/s in to lo in lo 

PO PC ro ro ro 
^ o o o o o o 

d o o o o o 

O 0 o o o o 

+3 

o o o o o o 

<N M (N N N N 

o o o o o o 

Cold- Rolled Stock 

020 to 0 . 035 
010 to 0 . 020 
020 to G. 03s 
010 to 0.020 
ois to 0.030 
010 to 0.020 

d o d o o d 

000000 

Cutting 
Speed, in 
Feet per 
Minute 

125 to 175 
150 to 200 
125 to 175 

ISO to 200 
100 to 175 
ISO to 200 

000000 
0 0 0 0 0 to 
PO 't PO Tt- PO PO 

000000 

+3 +3 +3 +3 43 +3 

000000 

000000 

M PO « PO W IN 

Medium Cast Iron 

Feed per 
Revolution, 
in Inches 

in 0 10 0 to 0 

N in N in « in 

W 0 H 0 N 0 

m 

H 

H 

PO 

< 

CD 

000000 

PO <N PO M POM 

000000 

0.020 to 0 
0.020 to 0 
0.020 to 0 
0.020 to 0 
0.020 to 0 
0.020 to 0 

0.020 to 0 
0.010 to 0 
0.020 to 0 
o.oro to 0 
0.015 to 0 
0.010 to 0 

Cutting 
Speed, in 
Feet per 
Minute 

0 tn 0 m 0 m 

m t-- in IN m 

H H H H H H 

000000 

4 J 4 J +» 4 J +» +3 

0000 0 m 

0 in 0 moo <N 

W H H H H 

m 0 to 0 mo 
t> 0 t> 0 0 

H N H M H M 

000000 

43 +3 43 43 +3 +3 

in 0 m 0 m 0 

N in M m IN m 

H M H H H H 

Hard Cast Iron 

Feed per 
Revolution, 
in Inches 

M m N m M in 
vO POO POO PO 

00 0000 

Steel Castings 

000000 

Pn M PO N PO N 

00 0000 

d d d d 0 d 

000000 

4a +3 +3 +> +» 

000000 , 

N (M <N (N M « 

000000 

0 d 0 0 0 0 
000000 

43 43 43 43 43 4 » 

in 0 m 0 m 0 

H W H W H M 

000000 

d d d d d d 

d d d d d d 

Cutting 
Speed, in 
Feet per 
Minute 

0 m 0 m 0 0 

Om> 0 \ r*- Oiin 

H M H 

000000 

+3 +» +> +> 

000000 
\0 m\o mvO 0 

H H w 

m 0 m 0 in 0 
« 0 <N 0 0 

H W W N M N 

000000 

43 43 43 43 43 43 

0 m 0 m 0 m 

so IN VO M 0 « 

W H M 

Type of Gut 

Rough turn. ....... 

Finish turn. ........ . . ..... ... 

Rough face. .... 

Finish face. ..................... 

Rough bore. — ............ 

Finish bore. ............. 


Rough turn . . . .... 

Finish turn. ..................... 

Rough face. 

Finish face 

Rough bore 

Finish bore 



125 to 200 0.010 to 0.020 IS© tO 200 0.010 tO 0.020 200 tO 350 0.010 tO 0.020 
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practice in production shops. These figures do not apply to any 
particular job, but can be used as a starting point. Cutting speeds 
can be increased 30 per cent or more if a coolant is used. 

CEMENTED CARBIDE TOOLS 

Carbide tools are now being made with tungsten, tantalum, 
titanium, and other alloys. Generally speaking, the tungsten i 
carbides work better on cast irons than on steel, and titanium and 
tantalum carbides prove successful on steel. Selection of the 
proper grade for the work is important in all cases. American ? 
practice gives best results with high speeds and light feeds and cuts. 
Average speeds are given by Carl Pulvermacher of the Ex-Cell-O 
Corporation as 400 to 425 feet per minute. They cut steel of 520 
Brinell at 400 feet per minute. Interrupted cuts on steel may give 
trouble, but in cast iron they can run up to 900 feet per minute. 


Table 16. — Some Examples of Speeds and Feeds with Carbide 
Tools 


Operation 

Material 

^eed, in 
Feet per 
Minute 

Peed, in Inches 

Turning 

AAluminum 

1 Brass 
\ Bronze 
) Cast iron 
j Cast iron 
/ Cast iron 

1 Steel S.A.E. 1040 
\Steel S.A.B. 4150 
f Cast iron 1 

1 Cast iron 

Semisteel 

I,3SO 

375 

400 

520 

146 

70 
170 
300 ! 

222 
26s 
120 

0.014 

o.ois 

0.018, cut ^ 
0.02s, cut 

0. 03S1 cut 1 
0.070, cut ! 

0.003, cut 1 
0.022, cut 1 

2.0, cut 0.020 
1.9. cut ^ 
cut ^ 

Milling. 

Planing 



CHROMIUM-PLATED TOOLS 

Plating tools and gages with chromium has its uses. It builds 
up worn gages with a very hard surface. It is also used to build up 
worn reamers "to size and increase their useful life. When drill j 
flutes are chromium plated, the chips slide out more easily. Plating 
surfaces of cutting tools that do not have to be ground increases 
their life. 

Cases are cited where chromium plating the teeth of saws used 
in cutting insulation from between commutator bars increased the 
saw life ten times. Chromium-ijlated twist drills also last much 
longer in drilling slate and similar material. Some claim they 
equal tungsten carbide for this work. i 

DIAMOND TURNING TOOLS 

There are relatively few standard diamond tools for turning, 
cutting, boring, reaming, and facing. These are usually made up 
to specifications for special operations on plastics, phenoloids, 
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caseins, compressed fiber, rubber, etc., and also on nonferrous alloys 
such as aluminum, brass, bronze, copper, etc. However, many 
standard types are made for special industries and crafts, among 
them, ^ optical, engraving, jewelry, textile, radio, automotive, and 
electrical. Diamond tools for turning, boring, etc., are mounted 
with shaped diamonds, ground and polished to any requirements 



Diamond shcxped +0 a Diamond shaped toa 

chisel head sharp conical point 




Cu+O'f'F Blade Swing Box Tangent 

tool tool tool 


Fig. 25.— Tools with Inserted Diamond Tips 

andlimited only to sizes in wBich suitable stones can be obtained, 
bet two or more m spindles, diamond tools can be used for boring, 
reaming, and finishing large work. Also they are used regularly 
for^ turning large rolls, as, for example, calender roils for paper- 
making machines. 

. Ske limitations are confined especially to special shapes required 
in single stones. Sometimes diamonds are matched and polished 
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Extra 

Finish- 

ing 

None 

None 

None 

None 

None 

None 

None 

Buffing 

None 

None 

None 

None. 

Feed 

Automatic 

Direct drive 
Automatic 

Automatic 

Automatic 

Automatic 

Automatic 
Hand feed 
Automatic 

Hand feed 

Automatic 

Automatic 

Pieces before 
Relapping 

Indefinite 

Indefinite 

Indefinite 

Indefinite 
Indefinite 
20,000 to 30,000 

Indefinite 

4.500 

50,000 

100,000 

25,000 

Indefinite 

Pieces 

per 

Hour 

3 

6oo 

96 

i6o 

150 

6o 

52 

no 

1,800 

700 

1,000 

30 

Revolu- 
tions per 
Minute 

o oo ooo ooo o oo 

o oo ooo ooo o oo 

o 

W "O of fO CO oT M CO CO CO CO CO 

Stock 

Removed 

0.003 to 0.005 

0.008 to o.oio 

0 . oo8 to o . 010 
0.008 to 0,010 
0,005 to o.oo8 

o.oo8 to O.OIO 
0.020 
O.OIO 

O.OIO 

o.oo8 to 0.010 
o.ooS 

Work Size 
in Inches 

.w w m ooo 

T? +> a) +s 4J +> 0 

^ ^ +» ooo o o 

§HiHc 

^3 XJ 3 ®° 

Material 

Bearing bronze 

Catalin 

Lynite (alum- 
inum alloy) 
Bronze 

Aluminum 

Copper 

Aluminum 

Hard rubber 

Hard rubber 

Celluloid 

Celluloid 

Bakelite 
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i to form, and then set in multiples for larger types of forming.^ On 
i plastics, resinoids, alloys, etc., diamond tools, if correctly designed 
I and used, usually produce a mirror polish in one operation. Only 
in very unusual cases^are further operations like buffing or polishing 
necessary. ^ ^ . 

It is next to impossible to establish fixed rules of machine proce- 
! dure for diamond tools because special equipments, methods, 
materials, and conditions apply so generally. Some actual case 
examples of diamond-tool results are shown in Table ly* They 
are not unusual cases but were taken at random from many shop 
studies, made recently under average shop conditions and with 
usual equipment. Figure 2 5 shows a number of tools with diamond 
tips. 

I TUNGSTEN CARBIDE TOOLS 

These tools are very useful in machining materials having 
abrasive qualities, such as fiber and hard rubber. On this kind of 
work the tool life between grinds is often several hundred times that 
of high-speed steel. In general, best results are obtained with light 
cuts and high speeds on cast iron and on nonferrous metals. They 
are, however, being used successfully on steel in many places. 

I Tools of this class are known by various trade names such as 
j Carboloy, Firthite, and Vascaloy-Ramet, which includes tantalum 
’ as well as tungsten. These materials are used as tips brazed to a 
j steel shank, which should be heavy for stiffness and to avoid 
1 vibration which tends to crumble the cutting edge. These tools 
\ require special care in grinding, as is illustrated on later pages. It is 
^ frequently economical to'^use carbide tools in gang setups for the 
i larger diameter work which can then be machined at the same speed 
as for the high-speed tools used on the smaller diameters. 

The following tool angles are suggested: 


Material 

Front 
Relief in 
Degrees 

Side 

Relief, in 
Degrees 

Side Rake 
Angle, in 
Degrees 

Nose 

Radius, in 
Inches 

Cast iron 

6 

4 

12 

I to il 

Soft steel 

6 

6 

' '■ 14. . ! 

1 to li 

Medium steel 

6 

6 

14 

1 to 

Hard steel 

4 

4 

14 

ftoii 

Nonferrous 

6 

6 

Negative 


For planer tools, 7 to 14 degrees side or rake angle and 5 degrees 
relief are suggested for roughing cast iron. Some finishing tools 
have no side rake angle or back rake. They sometimes have 3 
degrees negative rake. 

Feeds and Speeds 

John C. Coonley, tool superintendent, arid J. H. Howieson, 
timestudy manager, of the Walworth Company, recommend the 
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^^6 speeds in. Table i8 for carbide tools on various kinds of 
PROPER DRESSIN6 OF WHEELS 


M r^Crown 

Shape for roughing Shape forsemi- Shape for 
pn periphery of finishing on face sharpeninq on 

STrai9h+ wheels, of cup wheels, face of cup wheel 
USE OF COMPOSITE AN6LES 
/// ^^QGlshoinkohe^nof coriicfci- wheel 

fin ish grw^ ^- PMshe c/ angle 

i T!t 

Rough grind 01+ angle Finish grind on carbide 
fhan fi'p only af final angle 
Tinisheol angle desired. oTesired. 


desired. 


ALTERNATE GRINDING ON 
CARBIDE TIP AND STEEL SHANK 



n^ble m Uh ^ 

rest vd 

Tf’endwboffa Keepal+erno+ing 

oTsKa sasSsrp. 

maintaining constant tool motion 




End View of Tool 

□00 □ 


I f I . Keep fool rockin Of 

Always ke^ fool jmoving duri na rough and 
acros surface of wheel. semi-^nisn grrncttng 

Fig. 26. — Grinding Carbide Tools 

Grinding Carbide Tools 

Carbide tools can be ground much faster by the method shown 
above than was formerly thought possible. It was suggested by 
N. N. Shepherd of the Carboloy Company. 
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Dress the wheel with a erown of ^ inch as in Fig. 26- All rough 
and semifinish dressing is done with a mechanical dresser. For 
finish grinding the cup wheel is dressed fiat with a diamond impreg- 
nated carbide dresser. 

The main points to remember, for rapid grinding, are to use the 
double or composite angle, to alternate grinding between the carbide 
tip and the steel shank, to keep the tool in motion, to rough grind 

Table 18. — Feeds and Speeds of Carbide Tools on Variods 
Materials 


Operation 

Surface 
Speed, in 
Feet per 
Minute 

Feed, in 
Inches 

Depth of Cut 
in Inches 

Pieces 
per Tool 
Grind 

Machining 500 Brinell 18 
chrome 0.90 carbon steel 

350 

0.002 

0.008 (2 cuts) 

100 

Facing carbon molybde- 
num steel castings 

100 

0.032 

i to i 

25 

Machining monel-metal : 
valve yokes ! 

150 

0.012 

A 

60 

Facing and turning bronze 
gate- valve wedges 

700 

0.004 

A 

1,000 

Turning and facing stain- 
less gate- valve wedges. . 

80 

0.012 

lE 

SO 


on straight wheels, and to exert only moderate pressure while 
roughing and light pressure in semifinishing and sharpening. The 
illustrations which follow explain each operation. The finished 
ground angle shown is 6 degrees, and the angle for roughing is 10 
degrees. These angles may vary by about 2 degrees for heavy- 
duty tools and from 4 to 5 degrees for light duty. 

The use of correct grinding wheels is also an important factor. 
There are available today wheels which are entirely satisfactory for 
rapid grinding without injury to the carbide tip. The specifications 
follow: 

Silicon Carbide Wheels FOR Grinding Carbides 


(A) Straight Wheels 

(For roughing^ only. Wheels should not be used after wearing down 
to 6 inches diameter owing to excessive concave surface ground on 
tools when wheels wear down to smaller diameters) 

Carborundum. 6oR~WGG. (straight) 

Norton . ... . ........ . 3760I7 (straight) 

{B) Gup Wheels 

^ , , Rough Finish 

Carborundum 60R— WGG 120S— WHG 

, (or looS) 

^OTton 3760I7 37120 H plus 7 

(or 37100) 
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Under no circumstances should wheels other than special silicon 
carbide wheels be used for grinding carbide, and these wheels should 
be of the soft grades recommended. Correct wheel speed is about 
5,000 surface feet per minute. 





Fig. 27.— Details of Grinding Operations 


Detailed grinding operations are shown in Fig. 27 and are 
described below. 


1. Rougb Top Face. — Rough hollow-grind top face of tool on periphery 
of straight wheel (with crowned surface). Hold tool in hands (not against 
table). Leave about ^^inch land at the cutting edge of the tool. Use 
60-grit, soft, silicon carbide wheel. This free-hand grinding is done only 
when one or two tools are to be ground. When a quantity of tools with the 
same top side rake are to be ground, set the table at the proper angle to save 
time and maintain the correct top rake. 

2. Rough Front Clearance. — Set table rest at 10 degrees ^(4 degrees greater 
than finished angle desired), and rough-grind front clearance, leaving about 

inch land at cutting edge. Hold tool against table rest. Use same wheel 
as in (i). Angle at which table rest is set will vary with the diameter of the- 
wheel. However, 10 degrees should be angle on tool. 

3. Rough Side Clearance. — Rough-grind side clearance. Use same wheel 
and same angle of table rest as in (2). 

4. Semifinish Top Face.— Using face of cup wheel (ijrepared with ^ to 
^ inch crowned surface), and with table rest set at finished angle desired, 
semifinish-grind top face of tool. Use 100- or 120-grit, soft silicon carbide 
wheel.' 

5. Semifinish Side Clearance.— Set table rest at 6 degrees (finished angle 
desired). Reverse wheel direction and on left-hand face of wheel seihifinish- 
grind side clearance. Note that wheel rotation is always /row carbide tip io 
steel shank. Use same wheel as in (4) . 

6 . Semifinish Front Clearance.— Semifinish-grind front clearance, also 

radius on nose of tool. Use same wheel as in (s), ■ 

7. Sharpen Top Face.^ — Set table rest for correct top side rake. On same 
wheel as in (6), dress a flat surface on the face, using diamond-impregnated 
carbide dresser, and use wheel dressed in this way for the following operations 
which are required to sharpen the tool, (8), (9), (10). Reverse direction of 
wheel and on ri^ht-hand face of wheel, sharpen top face of tool. 

8. Sharpen Side Clearance.— Set table rest on 6 degrees (finished angle). 
Reverse wheel, and on left-hand face of wheel finish-grind side clearance. 
Use wheel dressed the same as in (7 ). Examine for finish by holding the tool 
so that light reflects across the surface of the tip. 





i 9. Sharpen Front Clearance. — -Finish-grind front clearance, using wheel 

dressed the same as in (8) and table rest at same angle. 

J 10. Sharpen Radins.— Finish-grind radius on nose of tool. Use same 

wheel as in (9) and table rest at same angle. 

When it is necessary to grind the top face, this is always done before 
! grinding on the side or front clearances. This is particularly important 

I when nnish-grinding, if the best possible cutting-edge is desired. When 

grinding on the top face, the movement across the face of the cup wheel is 
limited to a small area. Because of this, a slight recess is formed in the 
wheel as the tool is being ground. The corner of this recess rubs the front 
and nose of the tool and tends to dull those surfaces. By grinding the front 
and side clearance this dij 05 .culty is avoided. 

i' , ■ ' ■ ■ ■■ '; 

f Sharpening ON Diamond Wheels and Lapping Discs 

The procedure for finish-grinding, or sharpening, carbide 
I tools on diamond wheels or lapping discs is the same as 

operations shown in Fig. 26. Use less pressure of the tool 
^ against the wheel and, when employing diamond wheels be 

1 careful to use the entire surface of the wheel, keeping the tool 

! slowly in motion across the wheel. When the diamond wheels 

) become loaded, apply pumice stone lightly against the revolving 

i wheel. Frequently an ordinary paint brush saturated in kerosene 

[ will be sufficient to open up the wheel. For lubricating the wheel, 

j use kerosene applied at the rate of about 40 drops per minute, 

j When using diamond-charged lapping discs follow the same 
I sharpening procedure as described for diamond wheels. Occa- 

sionally add a small amount of No. 4 diamond dust immersed in 
olive oil to the surface of the tool in contact with the disc. 

STAINLESS STEEL 

> High-chromium steels tend to gall or seize under pessure, and 
i chips weld to the tool, producing a built-up edge which heats the 
I tool and interferes with the mish. Chromium-nickel stainless 
I steels also work harden rapidly from the tool action, particularly 
} in milling and drilling. Speed should be reduced, the feed increased, 
I and the tool kept cutting, as idling glazes the work, 

1 Straight chromium steels can be turned at 50 to 75 feet per minute 
I and chrome nickel at 30 to 45 feet. These speeds can be doubled 

I. in the free machining grades. A steep top rake of 20 to 22 degrees 

i helps prevent galling, especially if the top of the tool is stoned. 

High-sulphur-base oil (i pound of sulphur to the gallon) is a good 
coolant. Tool upkeep is two or three times that for mild steel. 
Yet stainless is machined in automatics if hardness is between 200 
' and 240 Brinell. 

Drill at about half speed for mild steel, and keep drill feeding. 
:: Cast iron makes a good backing for steel being drilled. Turpentine 

added to the sulphur-base oil helps in drilling. 

I Threading is similar to soft brass for both chasing tools and taps. 
I Tap at about 15 feet surface . speed for straight chromium and 

1 9 to ID feet for chrome nickel. Increase speed 50 per cent for free 

I machining grades. A paste of white lead and high-sulphur oil 

helps in threading. High-speed taps and dies, collapsible where 
I possible, are best. 
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at bottom of left side. With a J-inch cut and J-inch width feed 
at 8o feet per minute, start at f-ineh feed, go up the l-inch feed line, 
across to 8o-feet cutting speed, which shows that 6o cubic inches per 
minute is being removed. Depth of cut is also, shown in decimals 
of an inch, and the figures in the center show the area of the cut in 
square inches. 

CHIP BREAKERS 

Chip breakers are very useful in high speed turning with carbide 
tools. The Carboloy Company make the following suggestions: 
Fit each chip breaker to the job. Ground-in, step type shown in 



diagram is usually best. The table below shows recommended 
width W, A breaker depth of 0.020 inch is generally satisfactory. 


Depth Cut, 

Peed, in Inches per Rev, 

in Inches i 







.008-,0I2 

.013-.017 

, 0 I 8-,022 

.023-.027 

.O28-.O32 


A 

A 

A 

A 

1 

iri 


i 

A 


A 

A-i 


A 

A 

n 

A 

A4 

A 

A i 

A 


i 


TURNING TAPERS BETWEEN CENTERS 

Tapers can be cut between lathe centers either by setting over the 
tail center or by using a taper attachment. In either case the angle 
must be one-half the difference in diameters between the two ends 
of the taper, if it extended the whole length of the piece. To turn 
a piece 20 inches long, 5 inches at one end, and 3 inches at the other, 
as Fig. 28, the tail stock must be set over i inch, this being one-half 
of the difference between 5 and 3. 

If the taper extends only half the length of the piece, with the 
same difference in diameter, the tail stock must be set over twice as 
far, or 2 inches, for the true taper is now from 3 inches at the small 
end and 7 inches at the large end. The difference is 4 inches, mak- 
ing it necessary to set the tail stock over 2 inches (see Fig. 29). 

A third case is shown in Fig, 30, where the taper is not at either 
end. With the same difference between large and small diameters, 
the taper is again twice as great as in Fig. 29, the dotted lines show- 
ing the taper extended the whole length of the piece. This would 
be I inch at the small end and 9 inches at the large end, a difference 
of 8 inches, requiring a setover of 4 inches. 
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Extreme tapers of tMs kind are not easy to turn by setting over 
the tail stock. The point of the cutting tool must be set at the 



Fig. 30, Fig. 33. 

Location of Tapers Setover in Lathe 

Figs. 28 to 33.— Tapers and Setover in Lathe. 

same height as the lathe centers. Figures 31,32, and 33 show work 
set over in lathe. 


SPINNING 

Spinning is an old process of forming sheet metal over a wood or 
metal form as both are revolved in a lathe. Skill is required to con- 
trol the flow of metal as desired 
Speeds vary from 500 to 2,000 
revolutions per minute, and some 
lathes are powered with a s horse- 
power direct-current motor. 
Spinning lathe spindles are made 
to stand an end pressure of 2,000 
pounds. 

TURNING SPRAYED liCETALS 

Many surfaces built up with 
sprayed metal require turning to 
size. Unless tools are sharp and 
both speeds and feeds right, the 
Fig. 34. sprayed coating may be torn off. 

Sprayed steels sometimes form 
a hard ring near the ends of the undercut section. These hard 
rings should be turned first with a flat-nosed tool, fed straight in 
(see Fig. 34). Tungsten carbide tools are useful in this work. 
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TURNING SPRAYEU METALS 


Tabled' 20/ 


-’High-speed Tools; Speeds and Feeds eor Machin 
■ ; 'iNG Sprayed Metals"' ■ " 


KD-S/de cuHing-edfge angle 


£'^Nose radffus 


15 ° provided by 
holder:;^ 




fi^End cuffing- 
I edge ong/e 
' , (Aside rake 



Set fool for as 
small end relief 
as possible 


relief 

angle 


Angles, Degree 
B I C 


Nose Rad. 
E Inches 


■J: 

1 Metal 

Tool 

No. 

Surface 
Speed, Ft. 
per Min. 

Feed, In. 
per ’Rev. 

\ Aluminum* 

3 

150 to 200 

0.003 to 0.005 

i Sprababbitt. 

3 

ISO to 250 

0.005 to 0.007 

Sprabrass Yf 

2 

100 to I2S 

0.003 to 0.005 

. Sprabronze A. 

I '■ 

xoo to 125 

[ 0.003 to 0.005 

Sprabronze Cf* • 

3 

100 to I 2 S 

0.003 too. 00s 

Sprabronze M 

I 

100 to 125 

0.003 too. 005 

Sprabronze P 

I 

100 to 125 

0.003 to 0.005 

f Sprabronze T 

I 

100 to 125 

0.003 to 0.005 

Monel 

3 

100 to 125 

0.003 to 0.005 

Nickel 

3 

100 to I2S 

0.003 to 0.005 

Sprairon AJ 

3 

75 to 100 

0.003 to 0.005 

Copper* 

Lead 

3 

100 to 125 

0.003 to 0.005 

3 

ISO to 250 

O.QOS to 0.010 

Metcoloy No. i 

Metcoloy No. 2. 

3 

100 to 125 
Grind 

0.003 to 0.005 

Sprasteel lot 

. Sprasteel 25 X 

’ 1 Sprasteel 40? 

Sprasteel 80. 

Sprasteel 120 1 

3 ' 1 

75 to 100 

0.003 to 0.005 

2 

so to 75 

0.003 to 0.005 

2, ■; 

^1.^0 to 75 
Grind 

Grind 

0.003 to 0.005 

Tin... 

Zinc............ 

3 1 

3 ' i 

1 150 to 250 

1 ISO to 250 

0,005 to 0.007 

0.00s to 0.007 


Note: Do not use this treatment on Metcoloy No. i, nickel, monel, 
Sprabronzes A, M and P, since it will result in a poorer rather than better 
machine, finish. ' 

** The same treatment applied to copper and aluminum will give a slight 
improvement to the machine finish. 

j To improve the machine finish on Sprabronze C and Sprabrass Y, apply 
a liberal coat of a mixture of one part cylinder oil plus one part kerosene to 
the sprayed metal with a brush, and allow to stand for 20 to 30 min. before 
machining. ,■ ■ ' „ , , , 

t The same treatment applied to Sprairon A and Sprasteels 10* 25 and 40 
will not improve the machine finish, but will help to prevent the tool from 
burning and permit higher machininpr speeds. The treatment is especially 
helpful in machining any hard sections that may be encountered at the 
ends of the. sprayed sections or in comers. 
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They give better finislies than high-speed steel. The tool may be 
set on center for roughing and raised slightly for finishing. The 
tool can be raised more when turning sprayed monel, nickel or 
bronze. ’ 

As cuts on sprayed metal are seldom over 0.020 in. deep the side 
cutting angle is of little importance. Tool shapes for both high- 
speed steel and carbide tools are shown in Tables 20 and 21. 

Table 21.— Recommended Speeds and Feeds eor Tungsten- 
Caebide Tools 

Side relief f^^Sfde rake angle 
angle » 7f / ^iL , /rEnd culfing^edge 


Side cuHlng^dge 

angle ^0 •‘5 ^ — — 

N. yBack rake anglers** m a 

y^ZZ! 

Sfralghf* 

-z£noi relief angle - 7^^ shank ‘ fool 


Surface Speed, Ft. per 
Min. 


Feed, In. per Rev, 



Roughing 

Finishing 

■ ] 

Roughing j 

Finishing 

Sprabrass Y 

250 

to 

300 

300 

to 

350 

0 

.006 

0, 

.002 

Sprabronze C ....... . 

250 

to 

300 

300 

to 

350 

0 

.006 

0, 

.002 

Sprabronze M 

250 

to 

300 

300 

to 

350 

0 

. 006 

0 

.003 

Sprabronze P 

250 

to 

300 

300 

to 

350 

0 

.006 

0, 

,003 

Sprabronze T 

250 

to 

300 

300 

to 

350 

0 

.006 

0 

.003 

Copper. . 

250 

to 

300 

300 

to 

350 

0, 

. 006 

0, 

.003 

Sprairon. 

Metcoloy No. i 

75 

to 

100 

' 100 

to 

125 

0, 

.006 

0, 

.003 

100 

to 

125 

J I 2 S 

to 

I 7 S 

0, 

. 006 

0 

.003 

Metcoloy No. 2 

30 

to 

40 

1 30 

to 

40 

0, 

.004 

0 

.003 

Monel. 

200 

to 

230 

i 250 

to 

300 

0, 

.004 

0, 

.002 

Nickel. 

200 

to 

250 

250 

to 

300 

0, 

.004 

0 

.002 

Sprasteel 10 

75 

to 

100 

75 

to 

100 

0. 

,006 

0, 

.003 

Sprasteel 25 

50 

to 

75 

SO 

to 

75 

0 , 

.004 

0 

.003 

Sprasteel 40 

30 

to 

40 

30 

to 

40 

0, 

.004 

0, 

.003 

Sprasteel 80 

30 

to 

40 

I' 30 

to 

40 

0, 

,004 

'O, 

.003 

Sprasteel 120 

30 

to 

40 

1 30 

to 

40 

0, 

.004 

0 

,003 

Sprasteel szE 

30 

to 

40 

i 30 

to 

40 

b, 

.004 

0, 

.003 



SECTION X 

MILLING-MACHINE FEEDS AND SPEEDS 


War demands for increased production brought drastic changes 
in milling machine and cutter practice. Cutter designs have been 
changed and both speeds and . q<^ 
feeds increased far beyond pre- 
vious rates. In some cases on 

light cuts aluminum and mag- f ^ \ . 

nesium are being milled at ^ \ \ 

20,000 surface feet per minute r 1 

and Steel at 1,200 feet, but U \i/ } Max chip 

these speeds do not represent A 

average practice. Much de- Vv ^ 

pends on the condition of the * — l 

it, on .the cutters themselves, 

and on the power available at milling 


chip thickness 


macmiic, on cne ngiaiiy oi me 

work and fixture which holds fray ef ^ ^ ^ 

it, on .the cutters themselves, 

and on the power available at milling 

the spindle. It is essential that there be no vibration in the 
machines, that the slides guide the work without shake, and that 
there be no backlash in any of the feed screws or other feeding 
mechanisms. 

Compensating feed nuts now 
eliminate backlash in feed 

screws and make or 

/ • \ feed possible, in mechanically 

I r operated feeds. This has ad- 

-X. — L Y \ vantages in most cases where 

\ V J A milling is done with the pe- 

\ L-Maxchm riphery or outside of milling 

V w fh ickn^s cutters used for flat surfaces 

n on horizontal spindle machines, 

I . I sometimes known as slab mill- 

I Min^chip khtckmss ing. This term also applies to 

narrow faced cutters used in 
lablefrcivet cutting slots of key ways. It 


Table travel 


Fig. 2.—“ Climb” Cutting ‘‘Down” is necessary to avoid confusion 
or “In” Milling between tiiis type of milling 

. . and the use of face- or end~ 

mills for surfacing, or for cutting keyways, particularly in view of 
the trend toward using milling cutters with negative instead of posi- 
tive rake to the teeth, for some classes of work. 
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Terms indicating direction of feed have not been standardized. 
“ ConventionaP’ and “climb ’^ milling are likely to give way to 
“up” and “down” milling or to “in” and “out” milling. For slab 
milling “up” and “down” are quite descriptive but for both slab 
and face milling “in” and “out” seem better, and are advocated 
by Prof. 0 . W. Boston. See Figs, i and 2. 

Neither the high speeds mentioned nor the new types of cutters 
mean that all former practice has been abandoned. Because of 
ensting low-powered milling machines, of older types of cutters 
and of the small quantities involved in many cases, much of our 
former practice as to feeds and speeds will be continued in many 
shops. But the newer methods should be carefully studied and 
understood so that they may be applied whenever it is possible to 

do so to advantage, as they have shown greater productive possi- 
bilities than ever existed before. 

The essential requirements of high-speed milling are : cutters that 
will stand impact with the work at high peripheral speed; positive 
feed which gives a chip of sufficient thickness to each tooth as it 
strikes the work; and power enough to revolve the cutter at a 
speed which secures the most economical results when cutter life 
and other factors are considered. It is assumed that the work is 
substantial enough to stand the most economical feed, that it is 
rigidly held in its fixture, and that the machine has the necessary 
strength and power for the work. 

Assuming that sufficient power is available at the spindle, the 
feed per minute can be easily calculated if one knows the speed at 
which the cutter can safely be run in any given material, the eco- 
nomical chip thickness per tooth, and the number of teeth in the 
cutter. A single tooth or fly cutter, running 3,000 r.p.m. with a 
chip load of 0.005 inch, would give a feed of 3,000 X 0.005 or 
15 inches per minute. With two teeth, the feed rate would be 
30 inches per minute and would presumably take twice the power, 
so that both on account of the power required and on account of 
the cost of cutters, there is a tendency to use as few teeth as is 
possible or practicable. With carbide cutting edges this is an 
appreciable saving. Carbide tipped cutters, brazed or welded to 
cast or low grade steel centers or bodies, are proving both very 
‘economical and very satisfactory. Arthur A, Schwartz, chief tool 
research engineer for Bell Aircraft Corporation, who has pioneered 
much development along this line, favors meehanite for the cutter 
body, feeling that it helps absorb vibration more than some steel 
He has done some remarkable milling with single-tooth helical 
cutters on wide surfaces and advocates as few teeth as practicable 
for almost all classes of work. Milling cutters with from four to 
six teeth are common even in diameters up to 6 and 8 inches, and 
for very high speeds on soft metals one and two teeth are often used. 
Another advantage of Gutters with few teeth is the large chip space 
between them. 

. Flywheels on milling machine spindles are highly desirable, 
especially where ,the chip load per tooth is heavy. They prevent 
any slowing down of the cutter while it is in contact with the work, 
or any acceleration on leaving the cut. They also help lengthen 
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the cutter life and make a more smoothly running machine. Fly- 
wheels should be as near the milling cutter as possible. In some 
special cases the cutter body has been fastened to the flywheel. 
Some advocate a flywheel at each end of the spindle to avoid any 
tendency of the spindle itself to twist under heavy^load. The fly- 
wheel should be heavy enough to ensure steady running of the 
cutter at all times. 

NOMENCLATimE OF MILLING CUTTER TEETH 

To avoid misunderstandings regarding the meaning of terms used 
in discussing milling cutter teeth and their angles, the illustrations 
show what is being considered by the Committees of the American 


Cenier 
of coffer 




Thickness^ 
/' at base 

rake angle 


Lip angle- 


'^rToofb face 
! \jfuffmg edge or lip 
Back offoofh 
/ y Chip space 

^ Land yszfo fjsin, 

/ h Roof radius orguf/ef 


r 45"* Primary 
' clearance angle 


'"<"<71 


^secondary 

clearance angle — ■£>} 

Fig. 3. — Plain Milling Cutter Teeth. Suggestions for High-Speed 
Steel Cutters for General Use. 

Society of Mechanical Engineers, of which Prof. O. W. Boston is 
chairman. ^ These terms have been suggested for plain or slab cut- 
ters, for side-milling cutters, and for face-milling cutters. An 
understanding of them will avoid confusion in describing or discuss- 
ing cutting and other angles. The values given are suggested as 
being suitable for high-speed cutters. See Figs. 3, 4 and 5. 

FEEDS AND SPEEDS 

Developments in milling practice include the use of milling cut- 
ters with carbide tips brazed to cast iron or steel bodies, of those 
with blades of solid carbide held in the body by wedges of different 
sorts, and in some cases of small cutters where the whole cutter 
body is formed of carbide and ground to the desired cutting angles 
and clearances. Cutters wi^^^^ negative rake are also being used 
successfully in milling steel, and much higher cutting speeds have 
been adopted in many cases. Negative rake cutters usually pro- 
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duce a smootlier finish on the work because of the burnishing 
action, but in most cases they take more power. Some contend 
that the excess of power they require over positive rake cutters 
decreases as the speed is increased and that at high speeds less 
power is needed than with positive rake. This is attributed to 


^S^Secondctry 
periphem! 
clearance\y 
angle / 



12^ Primary 
peripheral 
clearance angle 

4 Jo 7^ 
Peripheral 
relief angle 


10^ fo 15^ Radial 
rake angle 



f l2^ Primary face 
' clearance angle 

“ 2 Jo S'" Pace 
relief angle 


/z Face Qf if ting edge angle 


Fig. 4 . — Side-Milling Cutter. Suggestions for High-Speed Steel 
Cutters for General Use. 
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4'* Face 
cutting-edge 
angle 



FACE 


Blade placed m holder to 
permit mdiai adjustment 
required by peripheral 
mar as in deep cuts 


Rg. s.- 


d°Fgce / 
cutting-edge 
angle Machined 
surface 

Blade placed in holder to 
permit axial adjustment 
required by face wear 
as in shallow cuts 


-Face-Milling Cutter. High-Speed Steel Cutters for 
General Use. 


the heating and softening of the metal at the higher speeds, but 
this is not the universal opinion. 

The best speeds and feeds to be used still depend on the material 
b^g cut, the power of the machine, the kind of cutter, the ability 
of the work to withstand the pressure of the cutter, and the ability 
of the fixture^ to hold the work against deflection or loosening, 
mether carbide or high speed steel cutters are used, probably 
the most important factor is the thickness of the chip taken by each 
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tooth. Regardless of the material in the cutter, a light, scraping 
cut is injurious to the cutter. Each tooth should have a definite 
and substantiaT chip to secure the best results. The tendency 
toward coarse-toothed cutters has increased in the case of carbide 
cutters, one fairly common practice being to make the number of 
teeth two more than the diameter of the cutter in inches. In 
many cases where the speed can be high enough to warrant it, 
I especially on aluminum and the softer metals, single tooth or fly 
i cutters are used very successfully. On some light cuts in alumi- 

^ num, speeds of 20,000 surface feet per minute have been used. 

Since cutter wear depends on the number of contacts with the 
work, it is evident that the more metal to be safely removed by 
each tooth the longer the cutter life. But the fact that the heavier 
chip requires more power may limit the number of teeth to be used, 
i It must also be remembered that the chip taken by a milling cutter 
differs materially from that of a lathe tool which is of uniform sec- 
tion. With the milling cutter, the chip varies from start to finish. 
This variation depends on the kind of cutter and the method of 
feeding it to the work. With the slab milling cutter using the up 
or conventional feed the chip begins at zero thickness and ends with 
the maximum. With the climb or down feed this is reversed. In 
face milling, which is being used wherever it can be applied in most 
cases, the chip thickness varies with the relation between the 
diameter of the cutter and the width of the work. It also varies 
J with the location of the entering edge of the work with relation to 
the center of the cutter. 

Tests at the Brown & Sharpe Manufacturing Company and else- 
where show that coarse tooth milling cutters require less power to 
remove a given amount of metal. They also leave a better finish. 
Milling efficiency is increased by heavy feeds per tooth. Coarse 
• teeth also have less tendency to chatter. Rake angles affect the 

! power needed. For carbon and high-speed cutters positive rakes 

[ are in general use, but for carbide cutters on steel the negative rake 

I angles give much longer cutter life and a smoother finish. The 

I positive rake angles vary, but rarely are over 10 and 15 degrees. 

I High-speed cutters in which the face of the tooth is curved and which 

I have up to 20 degrees positive angle show small power consumption. 

I This is attributed to the curved face helping to curl the chip, and 

I so taking less power. 

Much research has been devoted to the action of milling cutters 
on various metals, principally steel, cast iron, and aluminum. The 
large makers of milling machines have made public the results of 
their work through the Mechanical Engineering Committee of the 
A.S.M.E., which has worked in conjunction with the Research 
division of W.P.B. Much of this and other data has been issued 
to those engaged in making war materials to speed production of 
much needed equipment. Makers of various cutting materials, 
especially of the carbide types, have also supplied valuable data 
which have helped the war effort and which can be of great value to 
all shops engaged in peacetime work later. 

Chip formation is being studied by those responsible for economi- 
cal milling practice. The deformation of the chip as it leaves the 
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tool adds Feat wMeE indicates power consumption. Fortunately 
most of this heat goes into the chip instead of in the cutter and the 
work. Deformed or closely rolled chips turn a dark blue just as 
in drawing the temper of a tool. Particles become red hot, as 
from a grinding wheel. Chips which are not so deformed remain 
at a straw color or are hardly colored at all. These chips are not 
tightly curled but remain almost flat and indicate that less power 
is required to remove them. Chips of this type evidently indicate 
greater efficiency in removing metal. 

ItAKE AND HELIX ANGLES OF MILLING CDTTERS 

‘^Rake^^ is the angle between the cutting edge and the work. 
With the cutting edge at right angles to the surface being cut, the 
tool has a zero ’’ Take. Where the cutting edge is ahead of the 
axis of the cutter, and gives a shearing cut, the rake is positive. If 
this is reversed, with the cutting edge behind the axis of the cutter, 
the rake is negative. 

Similarly, the helix angle of the cutting teeth is zero, positive, 
or negative, depending on their relation to the cutting edge. As 
can be seen, these terms apply only to face or end mills. On milling 
cutters of the slab or peripheral type, the helix angle is merely 
right-hand or left-hand. 

When both radial and axial rake angles are used, the net results 
may not be what they seem to be. This is shown clearly by M. 
Kronenberg on the following pages, which should be studied care- 
fully. Combinations of axial and radial rakes should only be 
made after understanding how they affect each other. An unusual 
combination which gives good results is shown in Fig. 15. 

TRUE RAKE OF TEETH OF FACE MILLS 

The increasing use of face mills with negative rake cutting edges 
makes it necessary to consider the true rake in determining the 
performance of the cutter. This is explained by M. Kronenberg, 
Eng. p., of the Research Department of the Cincinnati Hilling 
Machine Co., as follows: 

A face mill with its teeth set at a 10 degree negative radial rake 
angle may in effect be cutting with a positive rake. 

^ ^^When the axial and radial rakes are both positive or both nega- 
tive, the true rake may be greater than either one of them. 

*^The true rake of a cutter can be varied many degrees without 
changing either the axial or radial rake.” 

These strange statements are explained by the fact that the 
*True” rake is an angle which is the resultant of three others — the 
radial rake, the axial rake, and the corner angle. To describe a 
cutter by means of only the first two of these components is 
insufficient. See Figs. 6 to 9. 

True rake is measured at right angles to the projection of the 
cutting edge on the reference plane. In general it serves as a useful 
index to cutter performance since it affects not only the tool life 
but also the finish quality of the work, the power consumption, 
and the deflection of the machine. In extreme cases where the 
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cutting edge is greatly inclmed to the reference plane, its angle of 
inclination ihust also be considered in estimating cutter performance. 

Since it is therefore necessary for the practical designer and user 
of cutters to think in terms of true rake, it is desirable to have some 
easy means for determining what this significant angle will be for a 
given combination of its three components. 

The alignment chart on Fig. 10 permits the reading of the value 
and variation of any one of the angles if the three other angles are 
given or varied. It is necessary only to lay a straightedge across 
the chart connecting the values for the given angles. 




; If the true rake is to be determined, the given value of the radial 

rake should be connected with the value of the axial rake. The true 
rake can then be read for any value of the corner angle at the inter- 
; section of the ruler^s edge with the vertical line. 

I If, on the other hand, a certain value for the true rake is desired 

and the corner angle^ and radial rake are ^ven, the required axial 
rake can be determined by laying a straightedge from the radial 
rake value through the proper intersection point between the 
corner angle and the desired true rake value. When the other end 
of the straightedge crosses the axiah rake scale, the proper axial 
rake value can be read directly. 

By ^ experimenting with the alignment chart, choosing various 
combinations of values and considering the situations caused by 
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angles or rounded tool noses, many important facts 
I f following significant results. 

r-ul'r. a different corner angle on the tooth of a cutter 

perSfmance rake and affects cutter 

2. A chamfered cutting tooth has two different true rake andes 

and three where there are two chamfers. <^ngies, 

3. On a tool with a rounded nose, the true rake varies along the 

curved portion because the corner angle varies from point to point 
01 the cutting edge. f 

4. The true rake will always be positive if the axial rake and the 
radial rake are both positive; it will always be negative if these 

Radial Rake 

t+SO* 



^ 5“ i0“ 15“ 20" 25* 30’ 35“ 40“4y 50"5y 60’ 65“ 70* 75^ 80" 85“ lo*'' 

Corner Angle 

Fig. 10 .— Resultant Angle Due to Continued Rake and Helix 
Angles. 

rakes are both negative. The true rake, however, can be either 
positive or negative if the axial and radial rake have opposite signs, 
•r Changing the radial rake will appreciably alter the true rake 
11 the corner angle is small, but will have little effect if the corner 
pgle IS large. Conversely, changing the axial rake will have little 
inhuence on the true rake if the corner angle is small, but an appreci- 
able effect if the angle is larged 

The alignment chart and conclusions hold also for lathe tools, if 
the term axial rake is replaced by back rake” and the teim 
“radial rake’’ by *'side rake.” * 

When collecting production data it will often be useful to plot 
tool hfe vs. true/rake; this will not necessarily give a straight line, 
because of tho influence of other factors such as friction. Such 
5.2= ™ and improving results which might be 

difficult to comprehend. 

Examples 


I. Giyenj a radial rake of ± s degrees and an axial rake of ±10 degrees. 

which will give a true rake of ±10 degrees. 


*. vcu. a, rauiai rajce or 2; 5 
Required: the corner angle wh 
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Solution; The point of intersection between the straight edge (yellow line) 
and the ±10 degrees rake line falls between the 3S-degree and 40-de^ree 
corner angle vertical line (arrow) , indicating about 37 degrees for the required 
corner angle. 

2. Given; a radial rake of —5 degrees, an axial rake of —10 degrees, and 
a corner angle of 20 degrees. 

Required; the true rake. 

Solution; The point of intersection between the ruler’s edge and the 
20-degree comer angle line falls between the — s-de^ee and — lo-degree rake 
lines (arrow) indicating that the true rake is approximately — 8 degrees. 

3, Given: a radial rake -f-s degrees and an axial rate of — 10 degrees. 

Required: the range of corner angles which will result in negative rakes. 

Solution: The ruler’s edge dips below the zero rake line at the 20-degree 

corner angle line (arrow), indicating 
that the true rake will be negative 
for any corner angle greater than 26 
degrees. 

Varying Chip Thickness 

Chip thickness varies widely 
with the relation between the 
cutter and the work, especially 
in face milling. In slab milling 
the chip varies from zero to the 
feed per tooth, whether the feed 
is up or down. In face milling 
the variation depends on the 
relative width of the work and 
the diameter of the cutter. Both 
cases are shown in Fig. ii. 

W 

-=r = ratio of width of work to cutter diameter 


a = included angle of cut 

C = normal thickness of chip at edge of work (per cent of feed per 
tooth) 


w 

D 

ex 

C, % 

W 

D 

(X 

C, % 

w 

D 

a 

Cy% 

1.00 

180 ® 

0 

0.70 


71 

0-35 

41° 

94 

0.98 

157^ 

20 

0 . 65 

81 ° 

76 

0.30 

35 ° 

95 

0.9 s 

142 

32 

0.60 

74 ° 

80 

0 . 25 

29 ° 

97 

0.90 

128 ® 

44 

0.55 

67° 

83 

0. 20 

23 

98 

0.85 

116 ^’ 

53 

0.50 

60 ° 

87 

0.15 

17° 

99 

0.80 

106 ° 

60 

0-45 

54 ° 

89 

0. 10 

iir 

99 

0.75 

97° 

66 

0.40 

47 ° 

92 






Fig. 1 1. — D, Cutter Diameter; 
W, Width of Work; F, Feed per 
Tooth. 


With the work the same width as the diameter of the cutter the 
chip is of zero thickness at each end and maximum thickness in the 
center. The thickness at the edge of work of various widths as 
compared with different cutters is shown in the diagram and table 
prepared by L. B. Mayo of the Brown & Sharpe Mfg. Co. It is 
usually advisable to have the cutter diameter at least one-third 
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67s to 825 

SAE 1020 

i 6 s 

630 

567 to 693 

SAE 1112 

180 

600 

540 to 660 

Annealed . 

200 

57 ° 

S13 to 627 

Alloy 

220 

540 

486 to 594 

Steels 

250 1 

500 

450 to 550 


300 

■ 450 , , ; 1 

405 to 495 

Hardened 

325 

425 

382 to 468 

Alloy 

350 

400 

360 to 440 

Steels 

400 

360 

324 to 396 



Note. — ^P or steel castings and forgings where hard inclusions may be 
encountered, the above recommended cutting speeds should be reduced 
about one-third. 
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I A more than the width of the work. 

^ * To mill work 3 inches wide the 

cutter should be at least 4 inches 
FEED diameter. If, as sometimes 
happens, a burr forms where the 
cutter enters the work as at jB in 
WORK Fig. 1 2, this may be corrected by 
moving the work so as to increase 
the overhang A on the entering 
side. 

j 2. The location of the edge of the 

work with regard to the center of 
the cutter also aSects the angle of contact betw^een the cutting 
blade and the work. When the contacting edp is below the center 
of the cutter the first impact on the tooth is behind the cutting 

point of the tool. In . 

milling across a round 

bar the angle of con- 800 — -- -- 

tact is constantly c -jqq \ 

changing from the first E 
contact until the bar ^600 

is milled aU the way ^500 

across. 

*o400 — , 

Suggested Milling 8.-,nn .S — — — 

Speeds for Carbide S,™ ^ 

Cutters ' ■ •S-200-!^— — ^ ^ — ' 

The suggested mill- o jOO — — 

ing speeds which f ol- n 

low are by the courtesy lOO ^ “ 150 lOO ”300 400 

of the Cincinnati Mill- Brinell hcirdness 

5fd*K‘tt?“£n .3.-M.tl.n b..™. Itoto „d 

June 21, 1944. They ^ * 

are based on conditions found in their own shop practice and may 

be revised as experience dictates. 
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Always find hardness of steel first. Too high a speed on hard 
steel may ruin the cutter instantly. 

Start a new job with the average speed recommended. If the 
cutter sparks prematurely, reduce the speed to the lower limit. 

For a fine finish, use higher speed limit. For maximum cutter 
life, use lower speeds. 

If the carbide edge begins to fail rapidly by abrasion, reduce the 
speed. If it begins to crater prematurely, increase the speed. 
The chart Fig. 13 gives a general idea of the relation between hard- 
ness and speed. 

General Rules for Feed Selection 

Table i. — Recommended Feeds for Milling Steel with 
Carbides 

„ , , Peed per Tooth, 

Type OF Milling in Inches 

Face. 0.006 to 0.012 

Side or straddle 0.008 0.012 

Slab........,.....,,...;,,,, 0.008 0.012 

Slotting 0.006 0.010 

Sawing........ 0.003 0.006 


Maximum feed depends on power available in the machine and 
I on the rigidity of the work and fixture, Check these to determine 
feed. 

Select the feed. Remember that for shallow slotting cuts the 
maximum chip thickness may be only 10 per cent to 50 per cent of 
the feed per tooth. On such cuts increase the feed so as to obtain a 
maximum chip thickness of 0.004 to 0.008 inch. 

If the carbide edge begins to fail rapidly, increase the feed per 
: tooth. 

If it begins to crater too rapidly, reduce the feed per tooth. 

The cutting edge builds up less at higher speeds. 

Points on Milling 

1. Wear on positive rake cutters increases power consumption 
much faster than wear on negative rake cutters. The greater the 
negative angle the less the increase in wear. 

2. Spindle speeds should not be a multiple of the number of 
teeth in the milling cutter if smooth surfaces are desired. 

3. There should always be one tooth in contact in the cut unless 
there is a very heavy flywheel, as with single-point or fly cutters. 

4. Flywheels not only help carry the cutter tooth through the 
work at constant speed but also prevent acceleration when the 
tooth leaves the cut. 

5. When several cutters having the same number of teeth are 
mounted on a single arbor the key sets should be ariranged so as to 
stagger the teeth. This will give smoother work and also increase 
the number of pieces per grind. 

6. Flywheels should be placed as near the cutters as possible, 
1 hey can sometimes be placed on the milling cutter arbor and near 
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the cutters where the work does not interfere. In some cases it io 
necessary to place them on the back end of the machine spindle but 

this might permit some distortion in the spindle. 

7. Milling with carbide cutters should be done dry as a coolant 
of any kind IS sure to crack the carbide. ctm 


Milling Speeds and Material Hardness 


A chart covering milling speeds for a variety of materials witb 
cutters of different kinds is shown in Fig. 14. This is by M 
Martellotti, Research Engineer of the Cincinnati Milling Machine 
Co., and was released in August, 1944. It covers aluminum and 
magnesium alloys, plastics, cast iron, and steels up to 400 B. H ]Sf 
(Brinell Hardness ISTumber). It also shows how Brinell hardness 
compares with tensile strength of materials; this information is 
useful as some specifications refer to tensile strength. 

This chart gives a good general picture of milling practice in 
condensed form. It shows that the Brinell hardness of aluminum 
alloys and plastics runs to 125; of magnesium and alloys, to 80 - of 
brass and bronzes, to from 80 to 250; of cast irons, perhaps to 300* 
of carbon steels and cast steels, between 125 and 200; of alloy steels 
from 200 to 400 and stainless steels from 150 to 250. It also shows 
that the tensile strength in 1,000 pounds is about half the Brinell 
of the same material. These are, of course, general figures. 

Studying the cutting speed which can normally be expected with 
cutters of different kinds, we find that steel of 250 B. H. N. can be 
machined with carbon cutters if the speed does not exceed 30 feet 
per minute and that 18-4-1 high-speed steel can cut the same 
material at 60 feet per minute, while with carbide cutters a speed 
of 550 feet per minute can be used. For materials of minimum 
softness, it indicates that carbon cutters can be run well over 1,000 
feet per minute and carbide cutters over 20,000 feet per minute. 

A careful study of this chart gives a wide range of information. 
It does not include chip thickness, which, wdth the number of teeth 
in the cutter, is a vital factor in determining the feed to be used. 
These factors are given elsewhere in this section. 


General Rules for Choice of Feed 


1. The maximum feed that can be used will be determined either 
by the power available in the machine, by the number of teeth in 
the cutter, by the rigidity of the cutter, by work and fixture, or by 
the finish required. Check these items before starting job. 

2. Select the feed per tooth from the table of milling speeds for 
carbide cutters, remembering that for shallow slotting cuts, etc., 
the maximum thickness of the undeformed chip may be only 10 to 
50 per cent of the feed per tooth. Wherever possible, therefore, on 
such cuts, use the upper limit given in this table. 

3. If the carbide begins to fail rapidly by abrasion, increase the 
feed per tooth. 

4. If the carbide begins to crater too rapidly, reduce the feed 
per tooth. 
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Fig. 14 . — h General Guide for Different Tools and Materials. 
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Table 2.— -Recommended Milling Cutter Angles poe Steel 


1 

Work Material 

Axial 

Rake, 

Degrees 

...... 

Radial 

Rake, 

Degrees 

Corner 

Angle, 

Degrees 

Gorrespond- 
ing True 
Rake, Degrees 

Face or Hard steel (or gen- 

— 10 

— 10 

30 to 45 

-13 to -14 

side. eral purpose) 

Face or Soft steel (under 

S 

S" 

30 to 45 

■ ■ -7 

side. 180 Brinell) 

Slotting. Hard steel (or gen- 

~ s 

— 10 

“10 

eral purpose) 

Slotting. Soft steel (under 

0 

- 5 ' 


" -“",.5 ■■■■'::■'' 

180 brinell) 






Note.' — As indicated in the table, a higher numerical value of negative 
rake is recommended for the harder steels than for the softer steels. 

Where the cutting conditions are extremely severe, axial and radial rake 
angles of even — 20® may be used to advantage. Such severe cutting condi- 
tions might be due to hard inclusions in the workpiece or to the chips crowd- 
ing, which is experienced when the cutter teeth are ground with multiple 
chambers or a rounded nose. 

Table 3.- — ^Recommended Carbides eor Steel eos. General 
Use under Average Conditions 
(Where depth of cut = 0.040 inch or greater) 



Sintered Carbide 

Work Material 

Carboloy 

Kenna- 

metal 

Vas 

Ramet 

Pirthite 

Steel, 100-400 Br 

78-B 

1 

km' ^ I 

EM ' 

' , ta 

I 


Beth harder and softer grades of carbides can be obtained from any of the 
manufacturers of these materials. The harder grades are more wear- 
resistant but also more subject to chipping due to impact or vibration. 
B.ecommendations for special applications may be obtained from the carlide 
manufacturers. 

Number of Teeth in Cutter .—The maximum number of teeth 
in the cutter may be limited by the design of the cutter or work- 
piece, or by the power available at the machine spindle. The 
following formula should be used to determine the maximum num- 
ber of teeth in the cutter when limited by power: 

H.P. X IC 
dXw X/ X N 

■where' 

r = number of teeth in cutter. 

H.P. = horsepower available at cutter (or maximum permissible 
power). 
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« metal removal factor *witli dull cutter (cubic inches per 
minute per H.P.) (see table on page 389-3). • 
fj? -= depth of cut (inches), 
w = width of cut (inches). 

/ = feed per tooth (inches) (see table on page 385). 

I CiS 

N = r.p.m. of cutter = where S — recommended cutting 

speed in feet per minute, and D = cutter diameter in 
inches. 

This will permit full utilization of the power of the machine, 
wherever permissible, while keeping the feed per tooth and cutting 
speed in accordance with the recommended values. Average 
values of the factor K for true rake angles of —10 to —14 degrees, 
for the recommended speeds and feeds, and including a 25 per cent 
allowance for dulling of the cutter, are given in the following table: 

Metal Removal Factor 


Brinell Hardness 
100 
150 
200 
250 
300 
400 


(Dull Cutters) 
0.80 
0,70 
0.65 
0.60 
0.55 
0-50 


Cast Iron. — At the present time recommendations for the milling 
of cast iron still follow the practice which has been in general use 
for the past several years. Extensive investigations now under 
way, however, indicate that this practice may be considerably 
revised in the near future. 

Cutting Speed for Cast Iron.— For average grades of cast iron 
with a Brinell hardness range of 150 to 220, the cutting speed now 
recommended is from 350 to 250 feet per minute depending on the 
hardness and uniformity of the material. For chilled castings 
where the hardness exceeds 300 Brinell, the cutting speed may have 
to be reduced to about 200 feet per minute to obtain a satisfactory 
cutter life. 

Feed per Tooth for Cast Iron. — -For all types of cutters except 
thin saws, use a feed per tooth of 0.008 to 0.020 inch. Wherever 
possible, favor the high limit. For thin saws the feed per tooth 
might be as low as 0.003 inch depending upon depth of cut and the 
proportions of the saw. 

Milling Cutter Angles for Cast Iron. — ^Axial and radial rake 
angles now used for milling cast iron vary over a considerable range. 
In most cases both axial and radial rake are positive, while in other 
cases the axial rake is positive and the radial rake is negative. It is 
important that the combination of rake angles be selected with 
respect to the corner angle so that a desirable value of true (or 
resultant) rake is obtained. 

Values of true rake may be obtained for any combination of axial 
rake, radial rake, and corner angle from the alignment chart in 
Fig. 10. For average conditions the true rake should be from 4*4 
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to +10 degrees. Corner angles in general use vary from 30 to 
45 degrees. 

Metal Removal Factor for Cast Iron.-*-Under average conditions 
the efficiency of metal removal in cubic inches per minute per 
horsepower (factor JT in the equation for number of teeth) is about 

1.25. This includes a 25 per cent allowance for dulling of the 

cutter. 


Table 4.^ — ^Recommended Carbides eor Cast Iron tor General 
Use under Average Conditions 



Sintered Carbide 

Work Material 

Carboloy 

Kenna- 

nietal 

Vas 

Ramet 

Rirtbite 

Cast iron 

44A 

K6 

2A68 

H 


It shoiild be noted that both harder and softer grades of carbides for cast 
iron milling are available from the various manufacturers. 


Malleable Iron. — For malleable iron of high ductility which forms 
a continuous chip, the steel grade carbides should be used. All 
other recommendations, however, are the same as those given 
above for cast iron. 

Light Alloys. — For aluminum and magnesium alloys, positive 
rake angles are recommended in practically all applications. Only 
in the case of some of the more abrasive aluminum alloys does it 
seem helpful from the standpoint of tool life to resort to negative 
rake. Cutting speeds from 3,500 to 12,000 or even 15,000 feet per 
minute are now in use on aluminum alloys, the selection being 
usually determined by practical considerations other than chip 
formation, such as cutter vibration (in the case of thin saws), nature 
of the work and the mounting, and spindle bearing design. Wher- 
ever possible, however, the cutting speed should not be less than 
about 6,000 feet per minute. 

SPECIAL MILLING CUTTERS 

The Kearney & Trecker engineers have developed a type of face 
milling cutter which has several novel features. The cutters are 
of solid carbide inserts clamped in a steel body, instead of having 
tips brazed to the body, as is customary. Instead of having the 
blades parallel with the axis of the cutter, they are radial, except for 
the angle they assume with the face, 

One of these cutters is shown in Fig. 1 5. It was shown in the 
paper by J. B. Armitage and A. 0 . Schmidt at the semiannual 
meeting of the A.S.M.E. at Pittsburgh, Pa., June 19th to 2 2d, 
1944. This has a 30-degree positive ‘secondary rake and a nega- 
tive primary rake of 6 degrees. The corner angle is 20 degrees. 
The negative rake is ground on the corner angle but this surface is 
only a little wider than the chip thickness, which in this case is 
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I 0.0 1 5 incli. This secures the desired protection of the cuttinjg edge 
I but does not interfere with the chip flow. The chips in this case 

I come oil almost flat and are not heated enough to blue them in the 

I least. This is an indication that little or no work is expended in 
curling the chip. The chips do not impinge on the work surface, 
which often causes scratches in some milled work. 

I Another somewhat similar cutter is 8 inches in diameter and 
; has ten teeth. It has a 7-degree axial rake and a 7-degree radial 
rake, both negative, and a is-degree comer angle. The tools are 
solid Eennametal KM. It is felt that cutters arranged in this 
way can be reground with less waste of carbide and in less time 



Fig. is. — Kearney & Trecker Cutter Which Combines Negative 
and Positive Rakes. 

than if they were placed parallel to the axis. Any desired land or 
clearance can be given the cutters to secure the finish desired. 

; These cutters were designed especially for work on soft steel. 

EXAMPLES OF HIGH SPEED MILLING 

Examples of high-speed milling using negative rake and negative 
helix with standard machines are given by J. Q. Holmes, master 
mechanic, and R. C. Holloway, superintendent of small tools, at 
the Linden, N.J., plant of the Eastern Aircraft Company. The 
work is on 4140 chrome molybdenum steel, heat-treated to 40-41 
Rockwell C and 180,000 pounds tensile strength. Typical cutter 
‘ angles are shown in Fig. 16. 

Face-milling cutters are used, from 6 to 8 inches in diameter, 
with ten to fourteen teeth, carbide tipped, Firthite T- 16 or its 
equivalent being used. The illustrations show the angles used. 
Feeds are from 15 to 21 inches per minute, surface speed is from 
800 to 1,285 feet per minute, and chips are 0,002 Or 0.003 iiieh in 
^ thickness. At this speed the chips come ojff the work red hot, but 

i ^ 
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Fig. 16. — Face-Milling Cutter Used in Tests. 
Six Typical Hyper-Milling Tests* 


Details of 
Test Conditions 


Piece Number 


Cutter diam., in 

No. of blades.. 

Rake, deg 1 

Helix, deg 1 

Pace relief, deg , , j 

Peripheral relief, deg, I 
Material cut, S,A.E... . . ! 

Condition I 

Tensile str., lb. per sq. 


Cutter speed, rpm 

Cutter speed, sfpm 

Peed, in, per min. ..... 

Peed per tooth per rev. 

Depth of cut, in 

Width of cut, in 

Length of cut, in 

Pieces per grind 

Finish of work 

Pinal cutter condition 


I 

2 

3 

4 

5" 

6 

6 

6 

8 

8 

6 

8 

10 

10 

14 

14 

10 

' jf4 

7 

7 

7 

7 

7 

7 

10 

10 

10 

10 

10 

10 

3 

3 

3 

3 

3 

3 

6 

6 

S 

5: 

6 

5 

^4140 

4140 

4140 

4140 

4140 

4140 

Norm. 

Norm. 

Norm. 

Norm. 

H,T. 

'Norm. 

rosM 

losM 

lOsM 

i 6 sM 

losM 

losM 

S4S 

597 

597 

498 

498 

498 

840 

875 

128 s 

1075 

800 

1075 

IS 

15 

17 . 5 

17.5 

IS 

21 : 

'.00275 

0.0025 

0.002 

0.0025 

0.003 

0.003 

7/l6§ 

3/32 

5 / 16 

S /16 

S /64 

5A6 


4 

o.ii 

3 

3 

3 

14 

6 

4 

' 7 

3 

6 

112 

116 

288 

106 

59 

100 

Pair 

Pine 

Fine 

Good 

Good 

Fine 

Dull 

SI. Dull 

Dullj V. Dull 

Dull 

V. Dull 


Lovej«^ cutters with Pirthite T 16 inserted teeth. One 
Kearney k Trecker vertical milling machines, on chrome-moly 





neither the work nor the cutters get appreciably hot. Milling is 
done dry.' 

Cuts range f rom | to | inch in depth, only one cut being taken in 
any case. In addition to the increased speed, the finish left by 
the cutters is very smooth, being almost burnished. Cutters are 
usually run back over the work, especially when the work is light 
and may spring slightly under the cut. The table shows the result 
of six tests and the results being obtained in everyday work with 
‘ these cutters. 

( Direction oe Feed 

Until recent years the work in slab milling has usually been fed 
against the cutter, as in Fig. 2. This was because the thrust of the 
cut forced the feed nut against the feed screw so that backlash 
I between them was automatically taken up/ When feeding “with 

I the cut,’' there is a tendency for the cutter to climb on the work. 

The old way became “conventional” and the new way “climb” 
milling. Professor 0 . W. Boston pointed out that as climb milling 
was likely to become the conventional practice, new names were 
; necessary., 

; The old or conventional feed is now called “up” or “out” mill- 
j ing, and feeding with the cut, “down” or “in” milling. These 

I terms refer to the upper surface in slab milling. In face milling 

the tooth action is not quite so clearly defined, depending on the 
I location of the work with reference to the center of the cutter 

E spindle. This has been shown in preceding pages. It is desirable 

I to have the cutter tooth take its maximum chip thickness as it 

I enters the work. This is not possible unless the edge of the work 

is at, or to one side of, the face mill, which seldom happens. It 
I has Deen found that cutters stay sharp much longer when they can 
take a real chip as they enter the work instead of scraping metal 
until it can get a “bite” into it. 

Introduction of the newer method has been delayed by lack of 
positive feed on many milling machines and lack of appreciation of 
its desirability. It is interesting to note that Amos H. Brainard, 
one of the older builders of milling machines, made a machine to 
“feed with the cut” in 1872. 


STANDARD MILLING CUTTERS 

Fine-tooth cutters having approximately 4 to 5 teeth per inch of 
diameter are called “plain mills.” Helix angles are between 20 to 
30 degrees. They are best qualified for light or shallow cuts and 
for cuts where there is little tendency to chatter. With their large 
number of teeth, they will give an excellent cutting life so long as 
chatter does not develop. 

Below 0.7 s-inch width, plain mills are made with straight teeth 
or without helix angles. These mills are used for cutting key ways 
and have been found to give long wear without changing the width 
of slot cut. 
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COARSE-TOOTH MILLS 

Coarse-tooth mills have from 2 to 3 teeth per inch of diameter and 
have helix angles from 30 to 45 degrees. Where a plain mill 
chatters or does not give a smooth cut, the coarse-tooth mill should 
be used. In general, this mill is good in medium to heavy cuts and 
because of its freedom from chatter, it can remove more metal npr 
minute than plain mills. per 

This cutter does not do a good job in shoulder milling. 


HELICAL MILLS 

The heaviest or most difficult cuts should be given to a helical 
mill with only i to 2 teeth per inch of cutter diameter and heliy 
angles of 45 to 60 degrees. The helical mill has the least tendencV 
to chatter of any of the standard mills and is thus used for deen 
cuts and heavy slabbing cuts. If a single cutter must be used for 
all plain cuts, then the helical cutter should be selected. 



Fig. 17. — Helical Slabbing Cutter 


Because of the large helical tooth angle, this cutter has a smooth 
cutting a^ion and leaves a good finish free from ridges and chatter 
steep helix also aids the cutter in producing a uniform 
or flat surface. ^ There is less springing of both cutter and work, 
^pecially of thin plates, than with a plain- or coarse-tooth cutter. 
For this reason, helical mills 2 ,re recommended where intermittent 
cuts or cuts of variable depth and width must be made 
If a shoulder must be milled on a piece where chatter makes a 
helical mill desirable, use a special helical cutter. Such cutters are 
standard helical mills except for the last J to j inch of width on the 
end where the tooth-cutting edge makes an acute angle with the side 
ot the cutter. Here the helix angle of the tooth is reduced from 
50 degrees to about 10 degrees. Thus for most of the cutter length 
the cutting teeth have a steep helix angle which encourages smooth 
cutting while near the end there is almost no helix which qualifies 
this corner of the cutter for shoulder imlling. See Fig. 17, 

FACE MILLS 

Inserted-tooth face mills are coarse-tooth cutters which have 
about 2 teeth per mch of diarneter. Since they are mounted directly 
machine spindle, good cutting rigidity is obtained, 
and the mills are capable of cutting accurate or fiat surfaces. The 
nmsh obtained with a face mill is crisscrossed with circular marks. 
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I In many cases the decision to use a face mill or helical mill will 
be based more on the work than on the cutter. Some pieces can be 
I clamped or supported more readily for face milling than for regular 
i milling. Right-angle surfaces or brackets are perhaps best suited 
for face milling. Surface plates can be best supported for helical 
I milling. An inserted tooth cutter jjermits the use of carbide tips 
on the inserted blades. A face mill is well suited for shoulder 
; milling. 

SIDE MILL 

A fine-tooth cutter that has side teeth but no helix angle on the 
top teeth is called a ^‘side mill.” With their many straight teeth, 
the mills are apt to chatter and so are used for light cuts. The side 
mill produces a slot, that has smooth walls or cuts shoulders that 
I haye a good finish. 

f The cutter is reduced in width each time the side teeth are sharp- 
ened and thus has a limited life in cutting slots whose widths must be 
held to close limits. To prolong the life of a cutter, it is common 
practice to sharpen the side teeth but once in every five sharpenings 
of the top teeth. This practice is possible because it is the comers 
of the top teeth which duU most rapidly and these can be renewed 
by sharpening the top teeth. 

HALF-SIDE MILL 

I This mill has side teeth on one face of the cutter and top teeth 
i that have a helical angle. Because of the helical teeth the cutter 
\ has less tendency to chatter than a regular side mill and so can take 
I heavier cuts. It should be used in preference to the side mill 

I when milling to a single shoulder or straddle milling. The depth 

of the side teeth on a half-side mill is much greater than the side- 
tooth depth on a regular side mill. This permits a greater number 
of sharpenings than could be obtained on a single side of a regular 
side mill. The greater depth also provides more chip space which 
is helpful when heavy cuts are taken. 

' STAGGERED-TOOTH SIDE MILL 

5 This coarse- tooth cutter, with side teeth on alternate sides of the 

mill and with alternating left- and right-hand helix for the top 
‘ cutting edges, is the heavy-duty cutter of the side-mill series. It is 
comparatively free from chatter and can take deep cuts even up to 
the hub without trouble. The cutting action is free, and, when 
milling deep slots where the side walls are thin, there is little 
I tendency to spring the walls away from the cutter. The finished 
; slot wiU have walls that are parallel within close limits. 

I Since the chips removed by the cutter teeth are shorter than the 
width of slot being milled they do not wedge or jam in the slot. A 
staggered-tooth cutter works well in slots in soft or ductile materials. 
For shallow keyways the staggered-tooth side mill with its fewer 
teeth will not give the life between grinds that can be obtained with 
i; a fine-tooth plain mill. 
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The ^dth of teeth on a staggered-tooth side mill is greater than 
the widtE of hub, so two cutters may be mounted together or 
interlocked. By using various thicknesses of spacing collars 
two cutters can be adjusted to cut slots of desired widths, and com- 
pensation can be made for loss in width due to sharpening the side 


SAWS. 

The design of saws is dictated by width. Under ^inch saws are 
discs with cutting teeth on the outer surface. These saws are 
dished slightly,: but there is no side clearance. For jj^^-inch thick- 
ness or greater, saws can be made with side teeth and are essentially 
thin side mills. Saws inch in width are made with staggered 
teeth and closely resemble staggered-tooth side mills. 

In many cases it would be desirable to have all saws of the stag- 
gered-tooth design. When milling ductile materials, there is a 
tendency for chips to wedge in the slot, and often the friction pro^ 
duced will break the saw. To avoid this the staggered-tooth saw 
is used to cut chips that are less than the width of the slot. Oper- 
ators frequently grind off alternate corners of the saw teeth to 
secure the same results. This practice makes some difficult cuts 
possible. 

END MILLS 

The two-lip end mill must be used whenever the mill is to be sunk 
into solid metal before milling a slot. The two lips of the mill make 
a reasonably good drill. With but two teeth, there is ample chip 
clearance, and the mill can cut slots without jamming with chips. 
A straight-tooth mill tends to pound as teeth enter and leave the 
cut. ^ This is especially noticeable in milling a cored slot. To avoid 
this impact, a helical two-lip mill is often used. The helix angle 
gives a smoother cutting action and reduces chatter. 

In nailling a slot in solid metal, it is sometimes noticed that a two- 
lip helical mill, or four- and six- tooth mills, will leave a low spot or 
arc in the flat wall surface at that point where the feed was stopped. 
This^ is most apt to occur in setups where good rigidity is not 
obtained. A straight-tooth two-lip mill has less tendency to dig in 
on entering and leaving a cut than do these other mills. 

Six- and eight-tooth helical mills are used where drilling and chip 
clearance are not problems. These mills have a very smooth 
cutting action owing to their helix angles and good cutting life 
owing to the number of teeth used. 

MILLING-CUTTER DIMENSIONS 

Standard milling cutters are made to nominal dimensions shown 
under each illustration. In general, the tolerances are 0.015 inch 
above and below nominal diameters. Width tolerances vary from 
basic to 0.020 inch oversize in some cases and from slightly below 
basic to 0.020 inch oversize in others. Hole tolerances are all from 
basic to 0.001 inch oversize. Makers list all details. 



STANDARD CUTTERS 




D « 2 J to 4 i inches. 

T » 2 to 12 inches. 

A ®= I to 2 inches. 

Made in eight sizes. 

Plain Mills, Heavy Duty 




D » 2 i to 4 inches. 

T = i to 6 inches. 

A ~ I to inches. 

Cutters wider than f inch have 
helical teeth. 

Made in sixteen sizes 

Plain Mills, Light Duty 



I> = 2 to 4 inches. 

T »= ^ to I inch. 

A = i to li inches. ^ 
Made in seventeen sizes. 

Straddle Mills 



D “ 4 to 8 inches, 
j* « $ to li inches. 
A = li to inches. 
H « ^ to li inches. 
Made in ten sizes. 

Half-Side Mills 
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D « 2| to 8 inches, 
r *» i to I inch. 

inches. 

Side teeth do not cut. 
Made in thirteen sizes. 

Stagger-Tooth Mills 


Z> = to 8 inches, 
r = ^ to ijV, inch. 

A “ I to ij inches. 

The S-. 6-, 7 - and 8-inch saws, | inch 
thick, are also made with ij-inch hole. 
Made in fourteen sizes. 


Slitting Saws 


D = 2 i to 3 inches, 
r =» i inch. 

A = I to li inches. 

Angular cutters furnished either right 
or left hand with included angle of 45 or 
60 degrees; tolerance for angle, ±10 
minutes. ^ 

Made in three sizes. 

Single-Angle Mills 


£> ■=> ij to if inches. 

T => iV to inch. 

A = f to f inch. 

Cutters furnished either right- or left- 
hand teeth and either right- or left-hand 
thread. They have an included angle of 
60 degrees; tolerance for angle, i 10 
minutes./ 

Made in two sizes. 

Single-Angle — Threaded Hole 



P «=» 2f inches. 

T f inch. 

A «= I inch. 

Double-angle cutters furnished with an 
included angle of either 45, 60 or 90 
degrees; tolerance for angle, ±10 minutes. 
Made in one size. 

Double-Angle Mills 
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End Mills — -Brown and Sharpe 


D = i to 2 inches, 
r =a I to 2f inches. 

£. =» 2 if to 8 inches. 
i inch has Brown and 
Sharpe No. 5 taper shank, 
f inch can have No. s or 
No. 7. 1 inch has No. 7. 

1 1 inch and 2 inches have 
No. 9. 

Made in six sizes. 



End Mills — ^Morse 


D == i to xi inches. 

T == I to 2 inches. 

L = to 6-3^ inches. 

J inch has No. i Morse 
shank, i inch can have 
No. I or No. 2. I inch has 
No. 2, f and li inches 
have No. 3. 

Right- or l^eft-hand helix. 

Made in six sizes. 



End Mills — Straight Shank 


D = I to I inch. 

T — to li inches. 

5 ™ I to f inch. 

L == li to 2| inches. 
Right- or left-hand helix. 
Made in twelve sizes. 



Two-Lipped End Mill 


D = i to 2 inches. 

T =s I to 2f inches. 

JL = 2 ^ to 8 inches. 

i and A io-ch have No. S 
shank, i and 2 inches 
have No. 9 shank, Brown 
and Sharpe. 

Right- or left-hand helix. 

Made in six sizes. 



D « i to inches. . X — Slot Mill. Brown and Sharpe Shank 

r « 0.229 to 1.343 inches. . 

A = 0.260 to I. S 3 1 inches. 

B = I to I fl inches. 

R sa 0.007 to tv inch. 

L — 2f to lof inches. 

and ^ inch have No. s shank, f to | inch have No. 7 shank. | to 
if inches have No. 9 shank, if inches have No. 10 shank. 

Neck diameters A are made for Standard T slots. 

Made in mine sizes. 
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-CHAMFER OR R0UHD1R6 OPTIOHAL 


D = to 6 inches. 

T ~ I to 2 ^ inches. 

A = o.s to 2 inches. 

J3 = f to I inch. 

C = 0.262 to 0.762 inch. 
jS = ^ to inch. 


R = -is to inch, 

R ~ 11: to 2 inches. 

G — I to 2-1 inches. 

C? = 0 to IS degrees, 
rich. Right- or left-hand helix. 

Made in fourteen sizes. 

Shell End MiUs 


2i to 3 i inches. 
1 to li inches. 




Fluting Reamers 


Cutter 

Number 

Diameter 
of Reamer, 
Inches 

Number 
.of Teeth 
m Reamei 

I 

i to ^ 

6 

2 

1 to A 

6 

3 

f to A 

6 

4 

i to ^ 

6—8 

5 

1 to I 

8 

6 

1 to it 

10 

7 

I * to 2 I 

12' ' 

8 

2 t to ,3 

14 




D = 2 to 3 f inches. 
A “ I to It inches. 


Fluting Tops 



Diameter 

' Number 

Number 

of Tap, 
Inches 

of Flutes 
in Tap 

■ I ' 

0 ' ' to ' 1 

. 4' ' 

2 : ■ 

" ' 3*2 to ' i 

4 

3 

'' ' to : 1 

' ■ 4'' ■ 

4 

: ^ to ■ 1 

4 

S 

to 1 

4 

6 

M to It 

4 

7 

to If 

4 

8 

I tl to 2 











STANDARD CUTTERS 


2 to 3i inches, 
if to I inch. 

I to I inch. 


T “ i_to 1 inch. 

Made in eleven sizes. 

Radial or hooked teeth optional. 

Convex Mills 


P «= 2 to 3i inches. 

T = i to I inches. 

A w I to I inch. 

C = I to I inch. 

Made in eleven sizes. 
Radial or hooked teeth 
optional. 

Concave Mills 


D » 2 to 3 1 inches, 
y » i to inch. 

A — J to I inch. 

R «= I to f inch. 

Made in five sizes. 

Right or left hand. 
Radial or hooked teeth 
optional. 

Corner-Rounding Mills 



• 




L!> 
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Sprocket-Wheel Cutters por Roller Chains, American 
National Standard Tooth Form 


Number of Diameter Width of 
Teeth in of Gutter, Cutter, 
Sprocket Inches Inches 


ri to 


9 to II 

12 to 17 
18 to 34 
35 and over 

6 

7 to 8 
9 to 1 1 
12 to 17 
18 to 34 
35 and over 


6 

. 7 to 8 
9 to II 
12 to 17 
18 to 34 
35 and over 


12 to 17 
18 to 34 
35 and over 

6 

7 to 8 
9 to 1 1 
12 to 17 
18 to 34 
35 and over 

6 

7 to 8 
9 to II 
12 to 17 
18 to 34 
35 and over 


9 to II 

12 to 17 
18 to 34 
35 and over 


f 

1 

4 

1 

if 

S 

A 

M 


I 


f 

i 

f 


f 


fl 

i 

ii 

1 

I 


1 

i 


i 

1 



i 

, ii 

i 




t 


1 

1 

f 

If 


1 

i 

i 

i 

i 

If 

i 

li 



i 


i 

If 

f 


f 

If 

f * 


i 



i1 

I 

if 

1 

1 \ 

f 
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. ' Estimating M Time ' * ■ 

The Cincinnati Milling Machine Company gives the following 
formula for estimating time required for milling: 

Actual milling time in minutes = 

length of cut + approach of cutter 4~ overtravel 
feed in inches per minute 

Tables for allowance for the approach of the milling cutter to the 
work follow. Length of cut is in inches. The overtravel of the 
cutter is the sum of the distance the table must travel after the feed 
is engaged before any cutting action takes place and the extra travel 
required at the end of the cut to take care of any variation in the 
length of the work. 


Table. 5. '—Approach op Cutter tor End Mills and Face Mills* 



across to the right to the column under the width of cuL The figure given 
is the “approach" of the cutter. See cut. 

Example. — Calculate actual cutting time of a cast-iron bracket 
where the length of cut is ii inches, width of cut is 8 inches, diam- 
eter of face mill is 10 inches, overtravel is f inch, and feed is gi 
inches per minute. Table 5 gives 2 inches as the approach of a 
lo-inch cutter on 8-inch work before it cuts the full width of the 
work, and the same distance must be allowed at the other end if 
the cutter is to clear the work as is usually necessary to prevent 
marks on the surface showing where the cut stopped. This makes 
the formula read 


~ II -h 2 -f 2 H- 0.50 . . ^ 

Time = — ^ = 1.67 mmutes 

9-25 ■ 

To this must be added the total handling, which includes getting 
the work out of the machine and putting in a new piece of work. 
The faster the milling, the more necessary is quick handling to 
reduce the total floor-to-floor time of the operation. 
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STELLITE CUTTERS 405 

Sprocicet-Wheel Cutters eor Roller Chains, American 
I ' National Standard Tooth Form • 


Circular 

Diameter 

Number of 

Diameter 

Y/idth of 

Size of 

Pitch,. 

of Roll, 

Teeth in 

of Cutter, 

Cutter, 

Hole. 

Inches 

Inches 

Sprocket 

Inches 

Inches 

Inches 



6 

S 


2^ 




7 to 8 

51 






9 to II 

■ S' 





1 0 000 

12 to 17 

S' 


2^ 

3^ ■ 



18 to 34 

5 


ifi 




35 and over 

5 


iT 




6 

Sf 





7 to 8 

S' 






9 to II 

s 




3 

I.. 125 

12 to 17 

5 ^ 






18 to 34 

S' 


2i 




35 and over 

Si 


2^^ 




6 

61 


3 




7 to 8 

6 


3 




9 to 11 



2M 


2 i 

1.5625 

12 to 17 

6 


m 

li 



18 to 34 

7 

2| 




35 and over 

7 i 

2li 




6 

n 

3 || 



7 to 8 

7 l 

sif 



9 to 11 

71 

sir 

3 

1.900 

12 to 17 

8 


3 || 2 



18 to 34 

8 





35 and over 

8i 

3 * 


AJI dimensions given in inclies. 


Am CLAMPS 

Every decrease in machining time makes the time required for 
handling more important. Shops using high-speed milling find it 
advantageous to use compressed air cylinders even on small work 
handling fixtures. They buy commercial air cylinders, keep them 
on hand, and incorporate them into all new fixture designs. The 
time saved in floor-to-fioor handling must be considered with every 
increase in the speed of machining of all kinds, 

STELLITE CUTTERS 

Average cutting speeds for milling cast iron and malleable iron 
with Stellite- J-metal are: light rough milling, 150 to 250 feet per 
minute; light-finish milling, 150 to 300 feet per minute; heavy rough 
milling, 80 to 140 feet per minute; heavy finish milling, 130 to 160 
feet per minute. 
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FORM AND PROFILE CUTTERS 

The difference between form and profile cutters should be clearly 
understood. Form cutters have the cutting edge formed by backing 
off the metal behind the edge so as to maintain the same contour 
from the surface to the flute of the cutter. By grinding these cut- 
ters on the face of the teeth, the same contour is maintained during 
the life of the cutter. ^ 

^ Profile cutters are ground on the narrow surface back of the cut- 
ting edge. This is known as the primary clearance. This clearance 



Keep primary fanc^ noir row. 

Fig. 18.— Using Protractor to Get Angle 

back of the cutting edge can be measured either by a protractor or 
by a dial indicator. The protractor method is shown in Fig. ik 
This also shows the primary and secondary lands and gives dimen- 
sions. The secondary land backs up the cutting edge with more 
stock. 

To use a dial indicator the formula, on the basis of a iVi^ch 
primary land, is: 

Tangent of 1 degree divided by 16. Tangent of T degree is 
o.oi 746. Dividing by 16 gives 0.00109. A dial indicator will show 
a reading of 0.00109 i^ch on a land for each degree of clearance. 
For a 5-degree clearance, the reading would be 0.00545 inch, regard- 
less of the cutter diameter. 


CUTTING HELIX ANGLES 
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CUTTING HELICES ON UNIVERSAL MILLING 
MACHINES 

The following tables show the leads of cutter helices used by the 
Brown & Sharpe Mfg, Co., together with pitches and approximate 
angles for cutting helices on universal milling machines. The 
necessary explanations are given in the note in the tables, these 
being made clear by the accompanying diagram. 

Leads oe B. & S. Cutter Spirals (Helices) 

The leads of the Brown & Sharpe Cutter 
Helices are as follows: 

Tan 05 = “ * 

•Lt 



Diam. of Cutter 

Lead 

■ 1 

Diam. of Cutter 

Lead 

i" 

7-V 

2" 

31.5" 

1 “ i" 

9-52" 


36- 

f 

I 3 - 7 X" 


48' 

1 -if 

17.14" 

34 - 3 f 

eo- 

if 

23-33" 

4" 

68.S7' 

xr , 

28" 




Formulas for Revolutions of Cutter 

3.82 X cutting speed selected 


Revolutions per minute ■ 


cutter diameter in inches 


Formula for cutter feed in inches per minute 

V H — ^Qrs<^PQwer applied X constant K 
”” total width of cut X depth of cut 


Values oe Constant K 


Material 

Bed-Type 

Machine 

Knee and Column 
Machine 

Cast iron 

I . 50 

1 . 00 

Mild steel. 

0 - 7 S 

0.50 

High-carbon steel 

0,65 to 0.75 

0.40 

Alloy steel 

0.50 to 0.7s 

0 - 3 S 

Malleable iron. .... ....... 

1.20 

0.7s 

Brass and bronze 

2.00 to 3.00 

2.00 

Aluminum . .............. 

2 . 00 to 2. 50 

2.00 
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MILLING HEART-SHAPED CAMS 

One method of producing heart-shaped cams is as follows : 

Lay out the curve of the cam roughly, as in Fig. 19. Drill and 
remove the outside stock, being sure to leave sufficient stock to 
overcome errors in laying out. Put the cam on the nut arbor and 
tighten securely. If the roil of the cam is one-eighth radius, select 
a milling cutter having the same radius, because the roll of the cam 
must come to the lowest point, which it would not be able to do if a 
cutter of a smaller radius than that of the roll were used. It would 
also make a difference to the other points on the curve of the cam, 
wMch is not quite so apparent at first glance. 

Selecting an Index 

The next operation is to place the cam between centers on the 
milling machine, having the cutter in line with the vertical radius 
of the cam at its lowest point. Next, choose an index circle which 
will give a division of the cam such that the rise of each division 
will be in thousandths of an inch, if possible. For this cam take . 
a circle which will give 200 divisions. As this will make xoo 
divisions on a side, the rise of each division will be o.oii inch. 
Now raise the table to the required height, starting at the lowest 
point of the cam, and mill across, as in Fig, 20, 




Fig, 20.— Position of 
Cam and Cutter When 
Commencing to Mill 

Moving the Table 

For the other cuts lower the table o.oii each time, and revolve 
the cam. one division until the highest point of the cam is reached, 
then raise the table o.oii for each division of the cam. 

When the cam comes from the milling machine, there will be found 
to be small grooves left between the cuts, Tliese may be easily 


4o6 milling-machine feeds and speeds 


Diameter 
of Mill ‘ 



Table 7. -—Approach of Cutter pop Helical Mills, Keyway 
Gutters, Saws, Etc.* 


Depth of Cut, Inches 


^ i A i 


0.272 o. 
0.299 o., 
0.320 o. 
0.350 0. 
0.370 0. 
0.390 o. 
0.410 o. 
0.430 o. 
0,450 o. 
0.460 o. 
0 . 480 o . 
0.490 0. 
0.511 o. 
0.530 o. 
0.540 0. 
0 . 560 o . 
0.580 0. 
0.610 o. 
0.634 0. 
0.658 o. 
0.680 o. 
0.710 o, 
0.730 I, 
0.750 I. 
0.770 I, 
0.790 I 
0.810 I 
0.830 I 
0.850 I 
0.860 I 


37 0.44 0.50 0. 
,41 0.49 0.56 0. 
,45 0.54 0.61 0. 
.48 0.58 0,660. 
.52 0,62 0.71 0. 
.54 0.66 0.7s 0. 
.57 0.69 0.79 0. 
.60 0.73 0.83 0. 
.63 0.76 0.87 I. 
.65 0.79 0.91 1* 
.67 0.82 0.93 I. 
.70 0.85 0.97 I. 
.72 0.87 1,00 I. 
.74 0.90 1.03 1. 
.76 0.92 i.c6 1. 
.78 0.95 1,09 I. 
.82 1. 00 1.14 I. 
.86 1.04 1.20 I. 
.89 1.09 1,25 I. 
.93 X.13 1.30 I. 
.95 1. 17 x,3S I. 
.99 X.21 1.39 I. 
.03 X.2S 1,44 I. 
.05 1.28 1.48 I, 
.08 1.32 1.52 I, 
.II 1.35 I.s6 I 
.14 1.39 X.60 I 
.17 X.42 1.64 2 
.19 X.46 1.68 2 
;.22 1.49 1.72 2 


57 0.612 
,65 0,71 ! 
.72 0.79 
.78 0.87 
.840.93 
.89 1. 00 
.94 1.66 
.99 1.12 

.04 X.17 
.08 1.22 
.13 1,28 
.17 X.32 
.21 1.37 
.24 t.41 
.28 1.46 
.32 1.50 
.39 I.S8 
.45 1.66 
.51 1.73 
.581. 80 
.63 1.87 
.69 1.94 
.74 2.00 
.80 2.06 
.85 2.12 
.90 2.18 
.95 2.24 
.00 2.29 
:.04 2.34 
1.09 2.40 


0.75 

0.87 

0.87 1. 00 
1.06 1. 12 

I. 15 1.22 

1,22 1.32 
1. 30 1. 41 I. 

1.37 X.50 I. 
1.44 1.58 I. 

1.50 1.66 I, 

1.56 1:73 X, 

1.62 1.80 2. 
1.67 1.87 2. 
1.73 X.93 2. 
1.79 2.00 2. 
1.89 2.12 2. 
1.98 2.24 2. 
2.08 2.35 2. 
2.17 2.45 2. 
2.25 2.55 3. 
2.33 2.6s 3. 
2.41 2.743. 
2.49 2.83 3. 

2.56 2.92 3. 

2.63 3*00 3. 
2.71 3.08 3, 
2.77 3 ,x 6 3. 
2.84 3.243. 
2.9X 3.32 3 


Approach of Cutter-, 


SO 

,62 

.73—— 

.84 

.94 2.00 

. 03 2 . 12 
.12 2. 24 
.21 2.35 
. 29 2 . 45 
.45 2.64 
.60 2.83 3, 
.743.00 3 
.87 3.16 3 
.00 3.32 3 
.12 3*46 3 
.24 3.61 4 
.36 3.74 4 
.47 3.88 4 
.57 4.00 4 
.67 4.12 4 
.77 4.24 4 
.87 4.36 S 
.97 4.47 s 




00 

24 

46 

67 

87 4.00 
.06 4,24 
.24 4.47 
,42 4.69 
.58 4.90 
.75 S.IO 
.89 5.29 
.04 S.48 
.19 S.65 


* Follow down the first column to the diameter of cutter used. Follow 
across to the right to the column under the depth of cut. The figure given 
is the approach of the cutter. See cut. 

Example. — Two and three-fourth inches, diameter cutter; 1 inch, depth 
of cut; approach of cutter, 0.79 io.ch. 


xemoved by smoothing off with a file without impairing the accu- 
racy of the cam. 

Most screw machine cams can be made in this manner, and they 
will be found to be more accurate than if laid out and filed to the 
line and also much easier to make after one has become accustomed 
to the method. 


MILLING CAMS BY GEARING HP THE DIVIDING HEAD 


By the method here shown, cams of any rise may be milled with 
the gears regularly furnished with the milling machine. 

With the head set vertically; the lead of the cam would be the 
same as the lead for which the machine is geared, whereas with the 
head horizontaland the milling spindle also, a concentric arc, or rest, 
would be milled on the cam, regardless of how the machine was 
geared. By inclining the head and milling spindle, we can produce 
any lead on the cam less than that for which the machine is geared. 










MILLING;. GAMS 


To find the angle for setting the index head in Fig. 21, Here the 
hypotenuse represents the lead of the machine a-nd the short side 
the leid of the cam. Dividing the latter by the former gives the 
sine of the angle. With a plate cam having a rise of J inch in 

300 degrees we have X i equals^ 0.15, or the lead we want on 

the cam. The slowest lead on a Brown and Sharpe machine is 
0.67. Dividing 0.1.5 by 0.67 gives 0.224. The sine table shows 
0.224 is very nearly the sine of 13 degrees. Set both the index head 
and the milling machine spindle at this angle so the edge of the 
cam will be parallel with its shaft as in Fig. 22. 


Angle of Bevafhn \ § 

— r of Index Head \ ^ 

— — L— — ^ 

for which Milling Machine is Geared — — - -*4 

Fig. 21.— "Diagram for Angle of Index Head 

If the cam has several lobes, gear the machine for a lead some- 
what longer than the longest one on the cam. Then all the lobes 
can be milled with one setting of gears by altering the angle of both 
index head and milling spindle for each lead. If the size of the 
cam and the angle of the head will allow, it is best to mill on the 
underside of the cam. This brings the cutter and table nearer 
together and increases rigidity. It is also easy to see the lines on 
the face of the cam, and the chips fall away from the work. Feed 
the cutter against the work by turning the index crank. Use the 
handle of the machine table for return. This moves the work 
away from the cutter before the cam begins to turn and prevents 
the cutter from dragging on back stroke. 

In finding angles for a set of cams, first find complete rises for 
all the lobes. ^ Assign as many of these rises to any one lead as 
possible. This makes it possible to use the fewest number of leads. 

These tables advance by cam lead differences of 0,005 up to i 
inch; then by 0.010 inch up to 1.5 inches; then by 0.025 and larger 
increments to 6 inches. It is believed that the simple method of 
figuring for all intermediate steps, as explained on pages 406 to 408, 
will enable the reader to make full use of this method of setting 
for cam milling without the necessity of making many gear changes 
for dividing head leads, since eight leads in the tables cover the range 
of cam leads or rises from 0.005 to 6 inches. 
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The milling marine, when used as shown in Fig. 22 , will befonnrf 
to be more ngid^ttan when the head is set in thi vertical 

action ofTe^rt“ ^'“oothly on account of the shea^ 

^^One possible objection to the method here advocated is the np'rAo 
sity of using, in some cases, an end mill of ektra length of tooth it 
practice, an end mill with f-inch diameter and with a sJ-incK 
length of tooth IS not unusual; but the results in both speed and 
quality will be found entirely satisfactory. 



Fig. 22. — Milling Cams 


TABLES OF SETTINGS FOR MILLING SCREW- 
MACHINE CAMS 

■p Table 8, page 409, is for finding the angles used in milling 
f rown and Sharpe automatic screw machine cams. It is designed 
to reduce the number of gear changes to a minimum, only eight 
leads being given. Leads above 6 inches are omitted, since the 
theoretically perfect rise of a Brown and Sharpe screw machine cam 
IS not a spiral, and with steep rises this difference becomes so 
pronounced that the geometrical error far exceeds any errors usual 
cLapeS^^ ^se by hand, and the hand work is probably the 

The operation of the table will be largely self-evident. The col- 
umn at the left gives the cam rise for a complete revolution of the 
cam or the rise of lobe X too inches the number of hundredths in 
lobe. For example, we have a lobe covering eight hundredths and 

having a rise of 0.375 inch. Therefore, ^ 

inches or ^e rise for a complete revolution. The nearest rise to 
4.6875 inches occurring in the table is 4.750 inches. This will 
usually _be near enough, but if for any reason greater accuracy is 
required, interpolation may be resorted to. 
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Table 8.—- Angle between Abboe and Table 
Angle between Arbor and Table 


Rise in a 
Complete 
Rev. of 
Cam 


Lead of Lead of Lead of Lead of Lead of Lead of I 
Mach. Mach. Mach. Mach. Mach. Mach. 
0.670 1*050 1.500 2.000 3.000 4.000 

Inch Inch Inch Inches Inches Inches 
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Table 8.-— Angle between Aebor and Tm ' m.'^Contmued 
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Table 8.— Augle between Aebor and Tasle,— -C ontinued 




52 

14 

33 

36 

24 

31 



52 

41 

33 

49 

24 

41 



53 

08 

34 

03 

24 

SO 



S 3 

36 

34 

17 

25 

00 



54 

03 

34 

31 

25 

09 



54 

31 

34 

45 

25 

19 



55 

00 

34 

59 

25 

28 



55 

28 

35 

13 

25 

38 



55 

57 

35 

27 

25 

47 



56 

26 

35 

41 

25 

57 



56 

56 

35 

55 

26 

06 



57 

27 

36 

10 

26 

16 



57 

58 

36 

24 

26 

25 



58 

29 

36 

38 

26 

35 



59 

00 

36 

:S 2 

26 

45 



59 

32 

37 

07 

26 

54 



6o 

06 

37 

21 

27 

04 



6o 

38 

37 

35 

27 

13 



6i 

II 

37 

50 

27 

23 



6i 

46 

38 

04 

27 

33 



62 

20 

38 

19 

27 

43 



62 

57 

38 

33 

27 

52 



63 

33 

38 

48 

28 

02 



64 

II 

39 

03 

28 

12 



64 

49 

39 

18 

28 

22 



6S 

26 

39 

33 

28 

31 



66 

06 

39 

47 

28 

41 



66 

48 

40 

02 

28 

SI 



67 

30 

40 

17 

29 

01 



68 

13 

40 

32 

29 

II 



68 

54 

40 

47 

29 

20 



69 

45 

41 

01 

29 

30 



70 

32 

41 

17 

29 

40 



71 

23 

41 

33 

29 

SO 



72 

15 

41 

49 

30 

00 

19 

28 

74 

08 

42 

20 

30 

20 

19 

40 

76 

16 

42 

so 

30 

40 

19 

S 3 

78 

48 

43 

23 

31 

00 

20 

05 

82 

05 

43 

54 

31 

20 

20 

17 

90 

00 

44 

27 

31 

40 

20 

29 



44 

57 

32 

00 

20 

41 



45 

30 

32 

20 

20 

54 



46 

04 

32 

41 

21 

06 



46 

36 

33 

01 

21 

18 



47 

10 

33 

22 

21 

30 



,47 

44 

33 

43 

21 

43 



48 

18 

34 

03 

21 

55 



48 

S 3 

34 

24 

22 

07 



49 

28 

34 

45 

22 

20 



SO 

03 

35 

06 

22 

33 



50 

39 

35 

27 

22 

45 



51 

16 

35 

48 

22 

58 



SI 

53 

36 

09 

23 

10 



52 

30 

36 

31 

23 

22 



53 

08 

36 

52 

23 

35 

- r-r - - 
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Table 8. — 'Angle between Akbor and TmvE,.— Continued 


Rise in a 
Complete 

Lead of Lead of 
Mach. Mach. 
0.670 1.050 i 

Inch Inch 

Lead of 
Mach. 
1.500 
Inch 

Lead of 
Mach. 
2.000 
Inches 

Lead of 
Mach. 
3.000 
Inches 

Lead of 
Mach. 
4.000 
Inches 

Lead of 
Mach. 

. S.OOO 
Inches 

Lead of 
Mach. 
6.000 
Inches 

Rev. of 
Cam 

d M d 

q q § 

0 ) 

q 

.d 

V 

q 

d 

<D 

q 

d 

N 

q 

.s 

M 

bo 

Q) 

q 

S 

w d 
q ^ 

1. 210 


53 

46 

37 

14 ' 

23 

47 






1.220 


54 

25 

37 

35 

23 

59 






1.230 


55 

05 

37 

57 

24 

12 






1,240 


55 

45 

38 

19 

24 

25 


■ i 




1.250 


56 

26 

38 

41 

24 

37 

18 

13' 




1.260 


57 

08 

39 

03 

24 

so 

18 

22 




1.270 


57 

51 

39 

25 

25 

03 

18 

31 




1.280 


ss 

34 

39 

48 

25 

IS 

18 

40 




1.290 


59 

19 

40 

09 

1 25 

28 

18 

49 




1.300 


60 

04 

40 

32 

' 25 

41 

18 

58 




1. 310 


60 

St 

40 

55 

25 

S 3 

19 

07 




1.320 


61 

38 

41 

18 

26 

06 

19 

16 




1.330 


62 

28 

41 

41 

26 

19 

19 

25 




1.340 


63 

17 

42 

04 

26 

32 

19 

34 




I. 3 S 0 


64 

10 

42 

27 

26 

45 

19 

43 




1.360 


65 

03 

I' 42 

SO 

26 

57 

19 

S 3 




1.370 


$5 

59 

43 

14 

27 

10 

20 

02 




1.380 


66 

S 6 

i 43 

38 

.27 

23 

20 

11 




1.390 


67 

55 

44 

02 

27 

36 

20 

20 




1.400 


68 

49 

44 

25 

27 

49 

20 

29 




1. 410 


70 

03 

44 

50 

28 

02 

20 

39 




1 . 420 


71 

12 

45 

14 

28 

15 

20 

48 




1.430 


72 

26 

45 

39 

28 

28 

20 

57 




1.440 


73 

45 

46 

03 

28 

41 

21 

06 




1 . 450 


75 

09 

46 

28 

28 

54 

21 

IS 




1.460 


76 

45 

46 

53 

29 

07 

21 

24 




1.470 


78 

31 

47 

18 

29 

20 

21 

34 




1.480 


80 

38 

47 

44 

29 

33 

21 

43 




1.490 


83 

23 

48 

10 

29 

46 

21 

52 




i.Soo 


90 

00 

48 

36 

30 

00 

22 

02 




I.S 2 S 




49 

41 

30 

32 

22 

24 




I . SSO 




SO 

48 

31 

06 

22 

48 




1. 575 




SI 

57 

31 

40 

23 

11 




1.600 




S 3 

09 

32 

14 

23 

351 

18 

40 


1.62s 




54 

23 

32 

48 

23 

58 ' 

18 

58 


1.650 




55 

39 

33 

22 

24 

21 

19 

16 


1.67s 




56 

52 

33 

56 

24 

45 

19 

34 


1 . 700 




58 

12 

34 

31 

25 

09 

19 

52 


1.72s 




59 

36 

35 

06 

25 

33 

20 

11 


1 . 750 




61 

03 

35 

41 

25 

57 , 

20 

29 


1 . 775 




62 

34 

36 

16 

26 

21 

20 

48 


1.800 


: 


64 

10 

36 

52 

26 

45 

21 

06 


1.82 s 




6s 

51 

37 

28 

27 

09 

21 

24 


1.850 




i 

40 

38 

04 

27 

33 

21 

43 


1.87 s 




69 

38 

38 

41 

27 

57 

22 

02 


X .900 




71 

49 

39 

16 

28 

21 

22 

20 


1.925 




74 

16 

39 

55 

28 

46 

22 

39 


1.950 




77 

10 

40 

33 

29 

10 

22 

57 


1.975 




80 

56 

41 

II 

29 

35 

23 

16 


2.000 




90 

00 

41 

49 

30 

00 

23 

35 

19 28 

2.100 






44 

26 

31 

40 


SO 

20 28 

2.200 






47 

10 

33 

22 

20 

06 

21 30 

2.300 






50 

03 

35 

06 

27 

23 

22 32 

2.400 






S3 

08 

. 36 

52 

28 

41 

23 35 
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Tabie S.^Angie between Aebor and Tksle,— C ontinued 


Rise in a 
Complete 
Rev. of 
Cam 


Lead of Lead of Lead of Lead of Lead of Lead of ] 
Mach, Mach. Mach. Mach. Mach. Mach. 


2,000 3.000 4.OOQ 

Inches Inches Inches 


f Lead of 
Mach. 
6.000 
Inches 


S6 24 38 
60 04 40 
64 09 42 
68 s8 44 
75 09 46 
90 00 48 


00 24 37 
20 25 41 
41 26 45 
03 27 40 

27 28 S3 
52 30 00 
tP 31 08 
47 32 22 

15 33 22 
SI 34 31 
26 35 41 
03 36 52 
44 38 04 

28 39 18 

16 40 33 


07 41 49 

12 45 09 
10 48 36 
49 52 20 
00 s6 26 
61 03 
66 26 
73 24 
90 00 


Other Tables for Milling Cams 


The following tables computed by the Cincinnati Milling 
Machine Co. will be also found very useful. 

These tables give all the information necessary and it onlyremains 
for the milling machine operator to select the lead of the desired 
cam from the tables and set up for the corresponding change gears 
and angles. 

In setting the vertical milling attachment read the angle direct 
from the dial. Example: if the angle given in the table is 39J 
degrees, set the spindle 39J degrees from its vertical position. 

In setting the dividing head, subtract the angle in the table 
from 90 degrees. The difference represents the angle to which 
the dividing head spindle must be raised from the horizontal 
position. 

Example: The angle given in the table is 39I degrees. 90 
degrees minus 39! degrees equals 50I degrees. 

Set the dividing head spindle 50! degrees up from the horizontal 
position. This angle is read direct from the dial. The setup is 
shown in Fig. 22. 

The tables may of course be used in connection with the cutting 
of any other similar cams. 
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Table 9,— Gears *-'or Milling Gams 


Lead 

Gear on Worm || 

ist Intermediate jj 

2nd Intermediate 

Gear on Screw 

Angle jj 

Lead 

GearonWcHTO j 

1 

1 

2nd Intermediate j 

Gear on Screw j 

Angle 

Lead 

Gear on Worm jj 

ist Intermediate jj 

and Intermediate j j 

Gear on Screw jj 

Angle li 

.600' 1 

24 

86 

24I 

100 

264 

.650 

24 

86 

24 

100 

14 

, ! 

.700 

24 

72 

24 

100 

29 

.601 

24 

86 

24 

100 

26 

.631 

24 

86 

28 

100 


.701 

24 

72 

24 

86 

41 

.602 

24 

86 

24 

100 

26 

.652 

24 

86 

24 

100 

13I 

.702 

24 

86 

28 

100 

26 

.603 

24 

86 

28 

100 

3 Q 4 

.633 

24 

86 

32 

100 

43 

.703 

24 


24 

100 

28i 

.604 

24 

72 

24 

100 

41 

.654 

24 

86 

24 

100 

12J 

.704 

24 

86 

,S2 

100 

3 «, 

.60s 

24 

86 

24' 

100 

2 s 4 


24 

86' 

24 

100 

12 

.70s 

24 

86 

28 

100 

23I 

.606 

24 

86 

28 

100 

39 

.656 

24 

86 

24 

100 

ii§ 

.706 

24 

72 

24 

100 

28 

.607 

24 

86 

24 

100 

25 

.657 

24 

86 

24 

100 

11 

.707 

24 

72 

24 

86 

4 oi 

*608 

24 

72 

24 

100 

404 

.658 

24 

86 

32 

100 

42 1 

.708 

24 

86 

28 

100 

2 S 

.609 

24 

86 

24 

100 

244 


24 

72 

24 

100 

34 i 

.709 

24 

72 

28 

100 

40 f 

,610 

24 

86 

H 

100 


.600 

24 

86 

24 

100 

10 

.710 

24 

72 

24 

100 

27 i 

.611 

24 

86 

28 

100 

38} 

.661 

24 

86 

28 

100 

32 

.7x1 

24 

86 

28 

100 

24 i 

.612 

24 

86 

24 

100 

24, 1 

.662 

24 

86 

28 

100 

32 

.712 

24 

72 

24 

86 

40 

.613 

24 

72 

24 

100 

40 1 

.663 

24 

72 

24 

100 

34 

.713 

24 

72 

24 

100 

27 

.614 

24 

86 

24 

100 

23 i 

.664 

24 

86 

32 

100 

42 

.7x4 

24 

64 

24 

100 

37 ^ 


24 

86 

28 

100 

38 

.66s 

24 

72 

28 

IQO 

44 t 

.7x5 

24 

72 

28 

100 

40 

.6j6 

24 

86 

24 

100 

23, i 

.666 

24 

86 

28 

100 

3 ii 

.716 

24 

86 

28 

100 

23 i 

.617 

24 

72 

24 

100 

394 

.667 

24 

72 

24 

100 


.717 

24 

72 

24' 

86 

39 i 

,618 

24 

72 

24 

100 

394 

.668 

24 

64. 

24 

100 

42 

.718 

24 

86 

32 

100 

36 i 

.619 

24 

86 

24 

100 

224 

.669 

24 

72 

24 

86 

44 

1 .719 

24 

86 

28 

100 

23 

.6ao 

24 

86 

28 

106 

374 

.670 

24 

86 

28 

100 

31 

.720 

24 

72 

28 

100 

39I 

.621 

24 

86 

24 

100 

22 

.671 

24 

72 

24 

100 

33 , 

.721 

24 

86 

28 

100 

22I 

.622 

24 

72 

24 

100 

39 I 

.672 

24 

86 

28 

too 

30I 

.732 

24 

72 

24 

100 

2S| 

.623 

24 

86 

24 

100 

2 I 4 ' 

.673 

24 

S6j 

28 

too 

302 

.723 

24 

64 

24 

100 

3 ^ 

.624 

24 

86 

28 

100 

37 

.674 

24 

64 

24 

too 

4 lf 

.724 

24 

86 

28 

100 

22 

.62s 

24 

86 

24 

100 

21 

•67s 

24 

72 

24 

too 

32 § 

.725 

24 

72 

24 

100 

25 

.626 

24 

86 

32 

100 

4 S 4 

.676 

24 

86 

28 

too 

30 

.726 

24 

86 

28 

100 

2li 


24 

86 

24 

100 20i 

.677 

24 

72 

28 

too 

43 

.727 

24 

86 

32 

100 

3Si 

.628 

24 

86 

28 

100 36^ 

.678 

24 

72 

24 

too 

32, 

.728 

24 

72 

24 

100 

24 ^ 

*629 

24 

86 

24 

100 1 20 

.679 

24 

86 

32 

too 

405 

.729 

24 

86 

28 

100 

21 

.630 

24 

ll 

24 

100 38 

.680 

24 

72 

24 

86 

43 , 

.730 

24 

72 

28 

100 

38 i 

.631 

24 

86 

32 i 

1004s 

.681 

24 j 

72 

24 

100 

3 ii 

.731 

24 

72 

24 

100 

24 

.632 

24 

86 

281 

100 36 

1 .682 

24’ 

72 

28 

100 

43 

-732 

24 

86 

28 

100 

204 

•633 

24 

86 

24 

100 19 

i *683 

24 

86 

28 

100 

29 

.733 

24 

72 

24 

86 

38 

.034 

24 

72 

24 

ioo; 37 ^ 

: -^4 

24 

86 

32 

100' 

40 

•734 

24 

86 

28 

100 

20 

.63s 

24 

86 

24 

100 i8| 

.685 

24 

72 

24 

86 

42 f 

•735 

24 

72 

28 

100 

38 

.636 

24 

86 

28 

xoo ssf 

.686 

24 

86 

28 

100 

28| 

.736 i 

24 

86 

28, 

.100 

I 9 i 

.637 

24 

86 

32 

100 44I 

.687 

24 

72 

28 

100 

42I 

.737 

24 

64 

24 

100 

3 S 

.638 

24 

72 

24 

100' 37 

.688 

24 

72 

28 

100 

42i 

.738 

24 

72 

34 

86 

37 l 

•639 

24 

86 

24 

100.174 

.6S9 

24 

86 

32 

100! 

39 l 

.739 

24 

72 

24 

100 

22^ 

.640 

■24 

86 

28 

100' 35 

.690 

,24 

86 

28 

100 

28 

.740 

24 

72 

28 

100 

37t 

.641 

24 

86 

24 

100' 17 

.691 

24 * 

72 

24 

: 86 

42. 

.741 

24 : 

86 

28 

[100 


.642 

24 

86 

32 

10044 

.692 

24 

86 

28 

100 

27 i 

.742 

24 

72 

24 

100 

22 

.643 

.24 

86 

28 

too 344 

-693 

24 

72 

28 

100 

42 

•743 

24 

86 

28 

100 

18 

.644 

,24 

86 

24 

iooji6 

.694 

24 

86 

32 

100 

39 , 

•744 

24 

72 

24 

100 

2ii 

*645 

24 

86 

24 

ioo 454 

.69s 

24 

64 

24 

100 

39 f 

•745 

24 

72 

28 

100 

37 

.646 

24 

86 

24 

100’ IS 1 

t .696 

24 

86 

28 

100 

27 

. 74<5 

24 

64 

24 

100 

34 

•647 

24 

86 

24 

lOo'is 

1 .697 

24 

72 

24 

86 

4 ii 

*747 

24 

86 

28 

100 

17 

.648 

24 

86 

32 

iooj 43 | 

.698 

24 


28 

100 


.748 

24 

72 

24 

86 

36J 

.649 

24 

86 

24’ 

100 144 

.699 

24 

86 

32 

lOQ 

! 38 i 

.749 

24 

86 

28 

100 

i6i 


t-Uill. Jl'iSfillWfffl 

< 111 .ifOi! 

II 50 1 i>lo o; 

u +uhJkji 

m\m I 

gvi) aoudjiCJ i 
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Table 9. — Gears eor Milling Cams.— 



.750 24 

.751 24 
.753 24 
.753 24 

.754 24 

.755 24 

.756 24 
.757 24 

.758 24 

•759 24 

.760 24 

.761 24 

.762 24 

.763 24 

.764 24 

.765 24 

.766 24 

.767 24 

.768 24 

.769 24 

,770 24 
.771 24 

.772 24 
-773 24 

.774 24 
.775 24 

.776 24 
.777 24 
.778 24 

.779 24 
.780 24 
.781 24 

.782 24 

.783 24 

.784 24 
.785 24 
.786 28 
.787 24 

v788 24 
S789 24 

,790 s4 
.791 24 
.792 24 
.793 24 

.794 24 

.795 24 

.796 24 
.797 24 
.798 28 

•799 24 


.800 

24 

72 

28 

100 

31 

.850 

24 

.801 

24 

72 

24 

86 

30i 

.852 

24 

.802 

24 

64 

24 

86 

40 

.851 

24 

.803 

24 

86 

32 

100 

26 

.853 

' 24 

.804 

28 

86 

32 

100 

39§ 

.854 

24 

.80s 

24 

72 

32 

100 

41 


24 

.806 

24 

86 

32 

100 

2Sl 

.856 

24 

.807 

24 

64 

24 

86 

39i 

.857 

24 

.80S 

24 

72 

28 

100 

30 

.858 

24 

.809 

24 

64 

24 

100 

26 

■Ip 

24 

.810 

28 

86 

32 

100 

39 

.860 

24 

.811 

24 

72 

32 

100 

40§ 

.861 

24 

.812 

24 

72 

28 

too 

29^ 

.862 

24 

.813 

24 

72 

24 

86 

29 


24 

.814 

24 

64 

24 

86 

39, 

.864 

28 

.8IS 

28 

86 

32 

100 

384 

.86s 

24 

.816 

24 

72 

28 

100 

20 

.866 

24 

.817 

24 

72 

24 

86 

28i 

.867 

24 

.818 

24 

72 

28 

86 

41 

.868 

24 

.819 

24 

86 

32 

100 

23^ 

.869 

24 

.820 

24 

72 

28 

100 

28^ 

.870 

24 

.821 

24 

72 

24 

86 

28 

.871 

24 

.822 

24 

86 

32 

100 

23 

.872 

24 

.823 

24 

72 

32 

100 

30l 

.873 

24 

.824 

24 

72 

28 

lOO 

28 

.874 

24 

.82 s 

24 

72 

24 

86 

27i 


24 

.826 

28 

86 

32 

100 

37i 

.876 

24 

.827 

24 

72 

28 

100 

27I 

.877 

24 

.828 

24 

86 

32 

100 

22 

.878 

24 

.829 

24 

86 

40 

100 

42 

.879 

24 

.830 

24 

64 

24 

86 

37i 

.880 

24 

.831 

24 

72 

28 

86 

40, 

.881 

24 

.832 

24 

72 

24 

86 

26^ 

.882 

24 

•833 

24 

S6 

24 

100 

36 

.883 

24 

.834 

24 

86 

32 

100 

21 


28 

.835 

24 

72 

32 

100 

38§ 

.88s 

24 

.856 

24 

72 

24 

86 

26 

.886 

24 

.837 

24 

72 

28 

86 

39f 

.887 

24 

.838 

24 

S6 

24 

100 

3Sl 

.888 

■24 

.839 

24 

86 

32 

100 

20 

.889 

24 

.840 

24 

64 

24 

100 

21 

.890 

24 

.841 

24 

72 

32 

100 

38 

.891 

24 

.842 

24 

86 

32 

100 

193 

.892 

24 

.843 

24 

72 

28 

86 

39 

•893 

28 

.844 

24 

86 

32 

100 

19 

.894 

24 

.84s 

24 

72 

28 

100 

25 

.895 

24 

.846 

24 

64 

24 

100 

20 

.896 

24 

.847 

24 

86 

32 

100 

i8f 

.897 

24 

.848 

24 

64 

24 

100 

19I 

.898 

24 

,849 

24 

86 

32 

100 

18 

.899 

24 




Intermediate 

1 

H 

TI 

a 

w 



72 

24 

64 

24 

72 

28 

72 

24 

86 

32 

64 

28 

86 

32 

64 

24 

64 

24 

72 

24 

64 

28 

72 

28 

72 

28 

64 

24 

86 

32 

64 

24 

86 

32 

64 


72 

28 

64 

24 

86 

32 

64 

24 

86 

i 32 

64 

f 24 ■ 

72 

24 

86 

32 

64 

28 

64 

24 

86 

32 

64 

24 

64 

24 

64 

28 

64 

24 

64 

24 

86 

32 

64 

24 

64 

24 

72 

24 

64 

24 

■ 721 

24 

■ 72, 

28 

■ S^\ 

24 

• 72 

24 

> 86’ 

32 

. 72 

24 

64 

28 

. 72 

24 

72 

28 

• 72 

24 

: 72 

28 






^^nngn 
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Table 9.— Geai^s for Milling Cm&.— -Continued 


■ X) 
cS 

■ 

1 

g 

cS 

s 

ist Intermediate jj 

2nd Intermediate 

Gear on Screw 

Angle 

Lead 

Gear on Worm II 

1st Intermediate 

2nd Intermediate 

Gear on Screw 

Angle 

Lead 

Gear on Worm jj 

ist Intermediate ]| 

i 2nd Intermediate 

Gear on Screw 

Angle 

.QOO 

34 

56 

24 too 29 

•950 

24 

72 

32 86 40 

i.ooo 

24 

86 

44 10035! 

i .901 

24 

72 

28 100 IS 

•951 

24 

S6 

24 100 22lf 

I.OOl 

24 


24 100 13! 

.002 

24 

72 

24 86 14 

•952 

28 

86 

32 100 24 

1.002 

28 

86 

32 100 16 

.903 

24 

72 

28 100 I4i 

•953 

24 

64 

24 86 24^ 

1.003 

24 

56 

24 100 13 

.904 

24 

72 

24 86 13I 

•954 

24 

S6 

24 100 22 

1.004 

28 

86 

32 100 is! 

.905 

24 

72 

28 100 14 

•955 

24 

72 

32 100 26^ 

1.00s 

24 

56 

24 100 12! 

.906 

24 

72 

24 86 13 

•956 

24 

64 

28 86 38 i' 

1.006^ 

24 

56 

24 100 12 

1 .907 

24 

72 

28 100 13I 

•957 

24 

56 

24 100 2l|, 

1.007 

24 

64 

24 86 16 

!'■' -908 

24 

72 

24 86 12! 

.958 

24 

72 

28 86 28 j 

1.008 

24 


24 100 ii! 

.909 

24 

72 

28 100 13 

•959 

24 

72 

32 100 26 

1.009 

28 

86 

32 100 14! 

,910 

24 

72 

32 100 3ii 

.960 

24 

64 

24 86 2^ 

I.OIO 

24 

56 

24 100 11 

.911 

24 

72 

28 100 12^ 

.961 

24 

86 

44 100 38^1 

i.oir 

28 

86 

32 100 14 

.912 

24 

72 

28 too 12 

,962 

24 

72 

28 86 27I 

1.012 

24 

55 

24 100 10! 

.913 

24 

72 

24 86 II 

.963 

28 

86 

32 TOO 22| 

1.013 

24 

56 

24 100 10 

.914 

24 

72 

28 100 ii| 

.964 

24 

36 

24 100 2o| 

1.014 


64 

24 86 14! 

■ 9 X 3 

24 

72 

32 100 31 

•96s 

24 

64 

32 100 36I 

i.ois. 

28 

86 

32 100 13 

i .916 

24 

72 

24 86 10 

.966 

28 

86 

32 100 22 

1.016 

24 

64 

24 86 14 

•917 

24 

72 

28 100 io| 

•967 

24 

S6 

24 100 20 

1.017 

28 

86 

32 100 12! 

,918 

24 

64 

28 100 29 

.968 

24 

56 

24 86 36 

1.018 

24 

64 

24 86 13! 

.919 

24 

72 

28 100 10 

.969 

24 

64 

28 86 37i 

1.019 

28 

86 

32 100 12 

.920 : 

28 

86 

32 100 28 

•970 

24 

56 

24 100 19^ 

1-020 


ti 

24 86 13 

.92X 

24 

S6 

24 100 26^ 

•971 

24 

72 

28 86 26|, 

1.021 

28 

86 

32 100 ii! 

.922 

24 

$4 

28 86 41 

.972 

86 

44 

32 64 6 

1.022 

24 

ii 

24 86 12! 

.923 

24 


28 100 28| 

•973 

24 

S6 

24 100 19 

1.023 

28 

80 

32 100 II 

.924 

28 

86 

32 100 27I 

•974 

24 

64 

24 86 2i§ 

1.024 

24 

64 

24 86 12 

.92s 1 

24 

S6 

24 100 26 

•975 

24 

72 

32 100 24 

I. 02 S 

24 

64 

28 100 12! 

.926 

24 

64 

32 100 39J 

.976 

28 

86 

32 100 20|i 

1.026 

24 

64 

24 86 11! 

.927 * 

24! 

64 

28 100 28 

•977 

24 

64 

28 100 2ii 

1.027 

24 

64 

28 100 12 

.928 

24 

64 

28 86 4o| 

•978 

24 

56 

24 100 18 

1.028 

24 

64 

24 86 II 

.929 

24; 

S6 

24 100 2SS 

•979 

28 

86 

32 100 20 

1.029 

24 

64 

2810011! 

.930 1 

24 

72 

28 86 31 

.980 

24 

64 

28 100 21 

1.030 

24 

64 

24 86 10! 

•931 ! 

24 

64 

28 too 27 1 

.981 

24 

64 

24 86 20J 

1.03 1 

24 

64 

28 100 11 

•932 

28 

72 

32 ICX3 41I 

.982 

28 

86 

32 100 19^ 

1.032 

24 

64 

28 100 loi 

•933 

24 

64 

24 86 27 

.983 

24 

72 

28 86 25 

1.033 

24 

72 

32 100 14! 

.934 

24 

86 

44 100 4o| 

.984 

24 

S6 

24 100 17 

1.034 

24 

64 

28 100 10 

• 93 S 

24 

72 

28 86 30I 

•98s 

28 

86 

^ 32 100 19 

1.03s 

24 

72 

32 ICO 14 

.936 

24 

S6 

24 100 24! 

.986 

24 

72 

[ 32 J :$0 22 | 

1.036 

24 

S6 

24 86 30 

•937 

24 

64 

24 86 26| 

.987 

24 

6a 

24 86 19I 

1.037 

24 

72 

32 100 13! 

•938 

24 

72 

32 100 28I 

.988 

28 

86 

32 100 i8i 

1.038 

24 

72 

28 86 17 

•939 

24 

64 

32 100 38I 

.989 

24 

S6 

24 100 16 

1.039 

24 

64 

32 100 30 

.940 

24 

S6 

24 100 24 

•990 

24 

64 

24 86 19 

1.040 

24 

72 

32 100 13 

.941 

24 

64 

24 86 26 

.991 

28 

86 

32 100 18 

1.041 

24 

[.56 

24 86 29! 

.942 

24 

72 

32 100 28 

•992 

24 

S6 

24 100 15% 

1.042 

24 

72 

32 ICO 12! 

•943 

24 

72 

32 86 40I 

•993 

24 

64 

24 86 18 1 

1.043 

24 

! 72 

28 86 16 

•944 

24 

S6 

24 100 23! 

•994 

24 

56 

24 100 IS 

1.044 

24 

72 

32 100 12 

•943 

24 

64 

24 86 2S^ 

■993 

24 

72 

28 86 23f 

X. 04 S 

24 

86 

40 100 *0! 

•946 

24 


I 32 100 27I 

.996 

24 

56 

24 100 14I} 

1.046 

24 

72 

32 100 11! 

•947 ! 

24 

S6 

24 100 23 

•997 

24 

56 

24 S6 33I 

1.047 

24 

72 

32 100 II 

.948 

28 

86 

32 100 24I 

.998 

24 

sf 

24 100 14 

1.048 

24 

72 

28 86 IS j 

•949 

24 

64 

24 86 25 

•999 

28 

86 

32 100 loi 

i.049 

24 

73 

32 lOO 10! 
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Lead 

Gear on Worm jl 

1st Intermediate |j 

2nd Intermediate | 

Gear on Screw |i 

Angie I 

Lead 

Gear on Worm 

ist Intermediate | 

2nd Intermediate, j 

Gear on Screw | 

Angle 1 

Lead 

Gear on Worm jj 

ist Intermediate || 

2nd Intermediate || 

Gear on Screw || 

V 

1 

1.050 

24 

72 

28 

86 

14I 

1.150 

24 

.'i6 

24 

86 

16 

1. 250 

24 

64 

28 

72 

31 

1.052 

24 

86 

40 

100 


1.152 

28 

86 

44 

100 

36 i 

1.252 

28 

86 

40 

100 

16 

1.054 

24 

72 

28 

86 

14 

1 .IS 4 

24 

64 

28 

86 

19 

I. 2 S 4 

24 

64 

32 

86 

26 

1.056 

24 

S6 

24 

86 

28 

1.156 

24 

64 

32 

100 

isl 

1.256 

24 

64 

28 

72 

30 i 

1.058 

24 

86 

40 

100 

i8f 

I.ISS 

24 

56 

24 

86 

14! 

1.258 

28 

86 

40 

100 

IS 

1.060 

28 

86 

40 

100 

3 Sl 

1. 160 

24 

56 

24 

86 

14 

1.260 

28 

86 

40 

100 

14 1 

1.062 

24 

72 

28 

86 

12 

1.162 

24 

64 

32 

100 

I 4 § 

1.262 

32 

S6 

24 

100 

23' 

1.064 

24 

86 

40 

100 

17^ 

1.164 

24 

64 

32 

100 

14 

1.264 

24 

72 

40 

loo 


1.066 

24 

56 

24 

86 

27 

1.166 

24 

72 

40 

100 

29 

1.266 

28 

86 

40 

loo 


1.068 

24 

64 

28 

86 

29 

1.168 

24 

S6 

24 

86 

12§ 

1.268 

24 

72 

40 

100 

18 

1.070 

24 

86 

40 

100 

i6i 

1.170 

24 

S6 

24 

86 

12 

1.270 

24 

72 

44 

100 

30 

1,072 

28 

72 

32 

100 

3 oi 

1.172 

24 

S6 

24 

86 

lii 

1.272 

28 

72 

32 

86 

28I 

1.074 

24 

64 

32 

100 

26| 

1.174 

24 

56 

24 

86 

II 

1.274 

28 

86 

40 

100 

12 

1.076 

24 

64 

32 

86 

39 ^ 

1.176 

24 

56 

24 

86 

io| 

1.276 

28 

86 

40 

lOQ 

Il| 

1.078 

H 

86 

40 

100 

IS 

1.I7S 

24 

56 

24 

86 

10 

1.278 

28 

86 

40 

100 

II ■' 

1.080 

24 

86 

40 

100 

14! 

1,180 

24 

64 

32 

100 

IO§ 

1.280 

28 

86 

40 

100 

lOj 

1.082 

28 

86 

44 

100 

41 

1.182 

24 

64 

32 

100 

10 

1.282 

28 

86 

40 

100 

10 

1.084 

24 


24 

86 

25 

1.184 

24 

64 

32 

100 

9 ^ 

1.284 

24 

72 

40 

100 

isi 

1,086 

28 

86 

40 

100 

33 § 

1.IS6 

24 

86 

44 

100 

IS 

I.2S6 

40 

64 

24 

100 

31 

1.088 

24 

S6 

24 

86 


1.188 

24 


40 

100 

27 

1.28S 

24 

72 

40 

100 

IS 

1,090 

24 

72 

32 

86 

28| 

1.190 

24 

64 

28 

86 

13 

1.290 

24 

72 

40 

100 

I4f 

1.092 

24 

86 

40 

100 

12 

1.192 

24 

64 

28 

86 

I2| 

1.292 

32 

56 

24 

1 00 

19 ? 

1.094 

24 

86 

40 

100 

lli 

1.194 

24 

64 

28 

86 

12 

1.294 

24 

86 

48 

100 

4 'S, 

1.096 


86 

40 

100 

II 

1.196 

28 

72 

32 

100 

16 

1.296 

24 

72 

40 

100 

I3f 

1.098 

28 

72 

32 

100 

28 

1.198 

24 

72 

32 

86 

I.? 

1.298 

24 

64 

32 

86 

21 i 

1.100 

28 

72 

32 

86 

40I 

1.200 

24 

72 

32 

86 

I 4 i 

1.300 

24 

86 

48 

100 

:i:4 

1.102 

24 

h 

28 

86 

2Sl 

1.202 

24 

64 

28 

86 

10 

1.302 

24 

64 

32 

86 

|2I 

1. 104 

24 

86 

44 

100 

26 

1.204 

.28 

72 

32 

100 

I 4 | 

1.304 

24 

72 

40 

100 

12 

1.106 

40 

ti 

24 

100 

42 | 

1.206 

24 

72 

32 

86 

I 3 i 

1.306 

24 

72 

40 

lOQ 

;ni. 

1. 108 

24 

86 

44 

100 

25^ 

1.208 

24 

72 

32 

86 

13, 

1.308 

24 

72 

40 

100 

11 

1. 110 

24 

72 

32 

86 

26i 

1.210 

28 

72 

32 

100 

13 'J 

1.3 10 

24 

64 

28 

72 

126 

1.112 

24 

72 

40 

100 

33 I 

1.212 

28 

72 

32 

100 

13 

1.312 

40 

64 

24 

100 

! 29 ' 

1.114 

24 

64 

32 

86 

37 

I.214 

24! 

86 

48 

;ioo 

25 

1.314 

28 

86 

44 

100 

23 i 

1.116 

H 

S6 

24 

86 

21 

1.216 

32 j 

56 

24 

100 

27I 

1.316 

28 

64 

32 

100 

20 

1.118 

28 

72 

32 

100 

26 

1,218 

24 ' 

72 

40 

100 

24 

1.3 18 

24 

86 

48 

100 

io| 

1.120 

24 

S6 

24 

86 

20| 

1.220 ! 

28i 

86 

40 

100 

2 Q-| 

1.320 

1 24 

86 

48 

100 

|I0 

I.122 

24 

86, 

44 

100 

24 

1.222 

241 

72 

40 

100 

23 1 

1.322 

' c8 

.72 

32 

86 

24 

1.124 

24 

56 

24 

86 

20 

1.224 

2 B ' 

86 

40 

100 

20 

1.324 

! 32 

56 

24 

100 

IS 

1.126 

24 

861 

44 

100 

23^ 

1.226 

24 ' 

72 

48 

100 

40 

1.326 

I 32 


40 

100! 

27 

1.128 

24 

641 

32i 

ICO 

20 

1.228 

28 

86 

44 

100 


1.328 

! 28. 

64 

3,2 

100 j 

i8i 

1.130 

24 

72 

40 

100 

32 

1.230 

28 

64 

32 

100 

2BI 

1.330 

. 32 , 

S6 

24 : 

100 

14 "'" 

1.132 

24 

64! 

28 

86 

22 

1.232 

24' 

72! 

40 

100 

,22,1 

1.332 

28 

64 

'■32; 

100 

18 

1,134 

24 

S6 

24 

86| 

i8$ 

1.234 

24 

86 

48 

100 

23 

I ‘334 

24 

64 

32 ; 

86 

17 

1.136 

24 

64 

28 

86 

2I| 

1.236 

24 , 

72, 

40 

100 

22 

1-336 

32 

S6 

;24: 

100 

13. 

1.13S 

24 

64 

32 

100 

i8^ 

1.238 

28 

86i 

40' 

lOO* 

18 

X ‘338 

32 

S6 

24^ 

100 

i2i 

1.140 

24 

f 4 

28 

86 

21 

1.240 

24. 

72 

40: 

100 

21J 

1.340 

24 

■72„i 

44 

100 

24 

1. 142 

24 

64 

32 

86 

3 S 

1.242 

28 

86 

40 

100 

17,1 

1.342 

28 

64j 

32 

100 

i6,f 

1. 144 

24 

S6 

24 

86 

17 

1.244 

24 

72 

40 

100 

21 

1.344 

24 

64' 

32 

86 

isl. 

1.146 

24 

86 

44 

lOO 

21 

1.246 

32 

72i 

40 

100 

4 S| 

1.346 

32 

S6i 

24 

ipo 

11 

1,148 

24 

64 

32 

100 

17 

1.248 

28 

86 

40 

100 

i6| 

1.348,, 

1 

32 

S6 

24 

100 

io| 
































TABLES FOR CAMS 


-Gears eor Milling Continued 





43 

4 

.a 

1 

u 

i 

d 

S 


•X3 

M 

IN 


I 24 100 10 
. 32 100 IS 
32 S6 14 
32 86 13 1 
32 100 14 
32 86 20 
32 86 12I 
32 86 12 
28 72 20| 
32 8619 
44 100 17 
32 86 io| 
32 86 10 
32 86 18 
44 100 16 
32 86 17 1 

32 7234 

44 100 IS 
24 100 22 i 
32 8631! 
44 100 14 
24 100 32I 
32 86 isl 
44 100 13 
32 86 IS , 
24 100 21 
44 100 12 
32 86 14 
44400 II 
28 72 IS 
32 86 13 
28 72 14I 
44 100 isf 
44 86 42t 
32 86 III 
32 86 II 
24 100 i8| 
32 86 29 
28 72 12 
48 100 24 
40 100 16 
44 100 12I 
28 72 io| 
2 8 T2 10 
44 100 III 
44 100 II 
44 100 I o§ 
40 t oo 14 
44 86 32 
40 100 2l| 


I 40 xoo 13 
, 24 100 14I 
I 48 100 2l| 
40 86 20 
I 40 100 ii| 
. 32 86 44 
, 24 too 13 
24 100 12| 
40 86 19 
40 100 33 

24 lOO III 
24 100 II 
40 86 18 
40 ICO i8| 
40 86 17I 

40 lOO 18 

40 86 17 
40 100 17I 
40 86 i6| 
40 100 17 
40 86 16 
40 100 i6| 
40 86 IS I 
40 xoo 16 
40 xoo 41I 
40 xoo 3 X 
48 100 16 
40 8614 
40 100 14I 
48 xoo 19I 
40 86 13 
44 86 38 
48 S6 3Si 
40 86 12 
44 xoo 22 
48 xoo X3| 
40 86 II 
40 86 io| 
40 86 lo 
44 xoo 21 
40 too io| 
40 xoo 10 
48 xoo II 
40 86 42 
48 100 16 
S6 72 45^ 
48 100 isl 
32 86 i8| 
48 xoo IS 
32 86 x8 


” o < 


24 100 20 

48 IDO 14 
40 86 27 
32 72 21 
44 86 24 
24 100 19 
48 100 12I 
44 86 23I 
44 loo 17 
48 100 III 
40 100 28 
32 86 IS 
44 100 i6 
48 xoo 10 
24 loo 17 
32 86 14 
24 xoo iO| 
24 100 22I 
32 86 13 
44 100 14 
24 100 15I 
32 86 12 
24 xoo IS 
44 100 34 
32 86 II 
24 100 21 
32 72 16 
44 100 ii| 
32 72 iSl 
24 100 13 
44 100 io| 
44 100 10 
24 xoo 12 
24 xoo 19I 
32 72 14 
24 100 II 
24 xoo xo| 
32 72 13 
44 86 I 7 i 
32 72 I2| 
32 72 12 
44 xoo xx| 
32 72 I 7 | 
32 72 XI 
48 100 2s| 
40 86 25 
32 72 10 
40 86 19 1 
40 86 24I 
24 xoo 16 
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MILLING-MACHINE FEEDS AND SPEEDS 

Table 9, — Gears eor Milling CAus.—Contmued 



a 

1 

4 


§ 



0 

u 


1 

1 

u 

c/3 

a 


v 

d 

0 

H 

1 

3 

0 

M 




§ 

0 

H 


0 



1.650 

28 


40 

100 

19^ 

1.750 

32 

86 

48 

100 

Ili 

I 

.850 

28 

1.652 

40 

so 

24 

100 

iSi 

1.752 

28 

100 

S6 

86 

16 

I 

.852 

28 

1-654 

24 

72 

44 

86 

14, 

1-754 

28 

72 

4 ^ 

100 

20 

I 

.854 

44 

^'656 

28 

72 

44 

100 

143 

1.756 

32 

86 

48 

too 

lO-J 

1 

.856 

24 

X.658 

24 

72 

44 

86 

13^ 

1-758 

32 

72 

44 

100 

26 

I 

.858 

24 

1.660 

28 

72 

44 

100 

14 

1.760 

28 

72 

48 

too 

19-2 

1 

.860 

32 

1.662 

32 

86 

48 

100 

2ii 

1,762 

.28 

64 

32 

72 

25 

I 

.862 

24 

1.664 

28 

72 

44 

100 

i 3 i 

1.764 

24 

72 

48 

86 

i8i 

I 

.864 

28 

1.666 

28 

64 

32 

72 

31 

1.766 

28 

72 

40 

86 

I2i 

I 

.866 

24 

1.668 

24 

72 

44 

86 

13 

1,768 

32 

72 

48 

100 

34 , 

I 

.868 

28 

1.670 

28 

72 

44 

100 

I2I 

1.770 

28 

72 

48 

100 

l8| 

1 

.870 

24 

1.672 

24 

64 

40 

86 

i6| 

1-772 

44 

56 

24 

100 

20 

1 

.872 

28 

1.674 

24 

72 

44 

86 

II 

1.774 

24 

72 

48 

86 

17I 

1 

.874 

24 

1.676 

24 

72 

44 

86 

io| 

1.776 

28 

72 

40 

86 

11 

I 

.876 

28 

1.678 

28 

64 

40 

100 

i6| 

1.778 

44 

56 

24 

100 

i 9 i 

1 

.878 

28 

1.680 

28 

72 

44 

100 

11 

1.780 

28 

too 

56 

86 

12^ 

I 

880 

24 

1.682 

28 

72 

44 

100 

loi 

1.782 

32 

64 

40 

TOO 

27 

I 

882 

28 

T.684 

32 

86 

48 

100 


1.784 

24 

S6 

40 

86 

26-1 

I 

884 

24 

1. 686 

28 

64 

40 

100 

isi 

1.786 

28 

100 

56 

86 

III- 

I 

886 

28 

1.688 

4 ® 

S6 

24 

100 

10 

1.788 

24 

72 

48 

86 

16 

1 

888 

28 

1.690 

28 

64 

40 

100 

IS 

1.790 

28 

100 

56 

86 

II 

I 

890 

24 

1.692 

24 

64 

40 

86 

14 

1.792 

28 

100 

S6 

86 

io| 

I 

892 

32 

1.694 

32 

72 

44 

100 

30 

1-794 

44 

56 

24 

too 

18 

1 

894 

28 

1.696 


64 

40 

86 

I 3 i 

1.796 

28 

64 

32 

72 

22I 

I 

896 

28 

1.698 

28 

64 

40 

100 

14 

1.798 

24 

64 

44 

86 

20| 

1 

898 

28 

1.700 

32 

72 

40 

100 


1.800 

32 

72 

44 

100 

23 

I, 

.900 

28 

1.702 

28 

64 

40 

100 

13 1 

1.802 

28 

64 

32 

72 

22 

I. 

.902 

28 

1.704 

28 

54 

40 

72 

45 1 

1.804 

32 

72 

44 

86 

37 l 

I, 

.904 

24 

1,706 

24 

64 

40 

86 

12 

1.806 

24 

S6 

40 

86 

25 

I. 

.906 

32 

1.708 

28 

64 

40 

100 

12^ 

1.808 

28 

72 

48 

100 

14^ 

1, 

,908 

28 

1.710 

28 

72 

40 

86 

19 

1.810 

28 

72 

48 

86 

331 

I. 

.910 

32 

1.712 

24 

64 

40 

86 

II 

1,813 

24 

72 

48 

86 

13 

I. 

,912 

28 

1.714 

32 

64 

40 

100 


1.814 

24 

64 

44 

86 

19 

I, 

.914 

28 

1.716 

28 

72 

40 

86 

i8^ 

1. 816 

24 

72 

48 

86 

lal 

I. 

,916 

24 

1.718 


64 

40 

86 

10 

1. 818 

28 

72 

44 

86 

24 

I. 

.918 

28 

1.720 

28 

72 

40 

86 

18 

1.820 

24 

64 

44 

86 

i8| 

I. 

.920 

32 

1.722 

24 

44 

32 

86 

32 

1.822 

44 

S6 

24 

100 

IS 

I. 

.922 

28 

1,724 

28 

100 

S6 

86 

19 

1.824 

40 

86 

44 

100 

27 

1, 

924 

28 

1.726 

24 

S6 

40 

86 

30 

1.826 

24 

72 

48 

86 

11 

I, 

.926 

32 

1.728 

32 

72 

40 : 

too 

13 ^ 

1.828 

24 

S6 

40 

86 

33 1 

1, 

.928 

28 

1,730 

28 

72 

40 

86 

17 

1.830 

28 

72 

48: 

100 

III 

X. 

'930 

24 

1.732 


72 

40 : 

too 


1.832 

24 

72 

48 

86 

10 

1. 

■932 

32 

3!.734 

28 

72 

40 

86 

i6§ 

1.834 

44 

S6 

24 : 

too 

13I 

1. 

-934 

24 

1.756 

32 

72 

40 : 

too 

I2§ 

1.836 

38 

72 

48 : 

too 

io| 

1. 

•936 

32 

1.738 

32 

56 

40: 

too 

40I 

1.838 

44 

S6 

34 : 

too 

13 

I, 

■938 

24 

3:-740 

32 

86 

48 : 

too 

13 

1.840 

24 

64 

44 

86 

i6| 

1. 

940 

28 

1.742 

32 

72 

40 ; 

too 

Ilf 

1.842 

32 

72 

40 

86 

27 

I. 

.942 

24 

1,744 

32 

86 

48 : 

too 

12f 

1.844 

28 

64 

32 

72 

i8| 

X. 

'944 

32 

1.746 

24 

64 

44 

86 

24! 

1-846 

28 

64 

44 : 

too 

i6| 

I. 

,940 

28 

1.748 

32 

73 

40 

1CK> 

104 

1.848 

44 

S6 

24 : 

too 

Ilf 

1 . 

,948 

32 


a 4 

100 

16 

86 

2 If 

100 

io| 

72 

27 

86 

14I 

100 

18 

86 

14 

100 

Hi 

86 

134 

100 

14 

86 

13 

100 

I3i 

86 

I2i 

100 

13 

72 

IS- 

86 

III 

72 

i4i 

86 

II 

100 

ni 

86 

m 

86 

10 

100 

27I 

72 

13 

100 

10 

72 

i2i 

86 

21 

72 

12 

86 

24J 

100 

13 

72 

II 

100 

124 

72 

104 

73 

10 

86 

16 

86 

is 4 

100 

II 

86 IS 
86 19 
100 10 


40 86 19 
44 100 10 
44 86 soi 
40 86 I4i 
40 100 15 
40 8614 
40 100 14J 
40 86 13I 
48 100 22I 
40 86 13 
40 86 43 
44 86 12 
40 86 19J 
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Table 9. — Gears eor Milling Cams . — Continued 


> 

Gear on Worm |j 

ist Intermediate || 

and Intermediate 1 

Gear on Screw | 

Angle 1 

1 

1 

Gear on Worm j 

ist Intermediate j 

2nd Intermediate I 

Gear on Screw j 

Angle 

Lead 

Gear on Worm j 

t) 

1 

1 

1/5 

and Intermediate j j 

W ' 

§ 

1 

Angle |j 

i.aso 

28 

72 

44' 

86 

ii| 

2.050 

28 

64 

48 

100 

if 

2.150 

32 

72 

44 

86 

19 

I, as 2 

40 

86 

44 

100 

I 7 i 

2.032 

28 

64 

44 

1 86 

23I 

2.152 

32 

64 

44 

100 

12 

1.954 

24 

64 

48! 

86 

21 

2.034 

28 

64 

48 

roo 

12 

2.154 

24 

64 

44 

72 

20 

1.956 

33 

72 

48^ 

100 

2zh 

2.036 

40 

86 

48 

100 

23 

2.156 

32 

64 

44 

100 

III 

1.958 

40 

86 

44 

100 

17 

2.038 

24 

64 

48 

86 

liol 

2.158 

24 

S6 

40 

72 

25 

1.960 

28 

72 

44 

86 

10 

2.060 

32 

72 

48 

100 

IS 

2.160 

32 

64 

44 

100 

II 

1.962 

48 

S6 

24 

100 

i 7 i 

2.062 

24 

S <5 

40 

72 

30 

2.162 

40 

86 

48 

100 

14I 

1.964 

24 

64 

40 

72 

19I 

2.064 

44 

48 

28 

100 

36I 

2.164 

32 

64 

40 

86 

ai| 

1.066 

25 

64 

40 

86 

IS 

2.066 

32 

S6 

40 

86 

39 

2.166 

32 

64 

48 

100 

2 si 

1,968 

.40 

86 

44 

100 

16 

2,068 

28 

64 

48 

100 

10 

2.16S 

32 

S6 

40 

100 

i8i 

1.970 

132 

1 64 

40 

100 

10 

2.070 

32 

72 

48 

100 

14 

2.170 

32 


48 

86 

29 

1.972 

48 

SO 

24 

100 

i6| 

2.072 

!' 32 

56 

40 

100 

25 

2.172 

28 

64 

44 

86 

14 

1.974 

24 

44 

32 

86 

I 3 i 

2.074 

32 

72 

48 

100 

I3I 

2.174 

32 

56 

40 

100 

18 

1.976 

28 

64 

44 

86 

28 

2.076 

28 

72 

48 

86 

17 

2.176 

56 

64 

32 

100 

39 

1.978 

24 

44 

32 

86 

13, 

2.078 

32 

72 

48 

roo 

13 

2.1 78 

40 

72 

44 

100 

27 

1.980 

28 

64 

48 

100 

19^ 

2.080 

32 

64 

44 

100 

10 

2.180 

40 

86 

48 

xoo 

12I 

1,982 

24 

44 

32 

86 


2.082 

32 

, 72 

48 

100 

12| 

2.182 

28 

72 

S6 

86 

30I 

J.984 

28 

48 

40 

! 86 

43 

2.084 

28 

' 64 

40 

72 

31 

2.184 

24 

S6 

44 

72 

.331 

1.986 

24 

44 

32 

86 

12 

2.086 

32 

72 

48 

100 

12 

2.186 

32 

72 

44 

86 

16 

1.988 

28 

SO 

32 

72 

261 

2.088 

28 

100 

.56 

72 

l6| 

2.188 

28 

S6 

32 

72 

10 

1.990 

28 

64 

40 

86 

12 

2.090 

32 

72 

48 

100 

III 

2.190 

32 

S6 

40 

86 

34I 

1.992 

48 

56 

24 

100 

I 4 i 

2.092 

28 

72 

48 

86 

I5I 

2,192 

4 ° 

86 

48 

100 

11 

1.994 

28 

64 

40 

86 

iii 

2.094 

32 

72 

48 

100 

ri 

2.194 

28 

64 

40 

72 

2Sl 

1.996 

24 

44 

32 

86 

I0| 

2.096 

28 

64 

44 

86 

20 1 

2.196 

40 

86 

48 

100 

io| 

1.998 

28 

64 

40 

86 

II 

2.098 

32 

64 

44 

roo 

i 7 | 

2.198 

44 

86 

48 

100 

26I 

2.000 

48 

S6 

24 

100 

I 3 i 

2,100 

28 

44 

32 

86 

27I 

2.200 

24 

S6 

i 40 

72 

22I 

2,002 

40 

86 

44 

100 

12 

2.102 

28 

72 

48 

86 

14I 

2.202 

32 

72 

44 

86 

I4I 

2.004 

28 

64 

40 

86 

10 

2.104 

28 

100 

S6 

72 

IS 

2,204 

28 

64 

1 44 

86 

10 

2.006 

40 

86 

44 

100 

III 

2.106 

28 

72 

48 

86 

14 

2,200 

32 

72 

44 

86 

14 

2.008 

48 

S6 

24 

100 

I2| 

2.108 

40 

44 

24 

100 

IS 

2.208 

32 

56 

40 

100 

IS 

2.010 

32 

72 

40 

86 

I3I 

2.110 

28 

64 

44 

86 

19I 

2.210 

48 

100 

56 

86 

45 

2.0X2 

48 

S6 

24 

100 

12 

2.112 

40 

44 

24 

100 

14I 

2.212 

32 

64 

40 

86 

18 

2.014 

32 

72 

40 

86 

13 

2.114 

28 

S6 

32 

72 

rS 

2.214 

24 

64 

44 

72 

IS 

2.016 

40 

86 

44 

100 

10 

2.116 

28 

64 

44 

86 

19 

2.216 

32 

72 

44 

86 

13 

2.018 

32 

72 


86 

I2I 

2.118 

28 

100 

S6 

72 

I 3 l 

2.218 

32 

S6 

40 

.100 

14, 

2.020 

28 

72 

48 

86 

2ii 

2.120 

28' 

72 

48 

86 

12I 

2.220 

32 

72 

44 

.86 

12I 

2.022 

32 

72 

40 

86 

12 

2.122 

28 

100 

S6 

72 

13 

2,222 

28I 

64 

48 

86 

243 

2.024 

28 

64 

48 

100 

isl 

2.124 

28 

72 

48 

86 

12 

2.224 

32 

72 

44 

86 

lia 

2.026 

48 

S6 

24 

100 

10 

2.126 

28 

100 

S6 

72 

12I 

2.226 

44 

86 

48 

100 

2S 

2.028 

aS 

64 

48 

100 

IS 

2.128 

28 

64 

44 

86 

18 

2,228 

32 

72 

44 

86 

111 

2.030 

24 

64 

40 

72 


2.130 

28 

100 

S6 

72 

12 

2.230 

32 

64 

40 

86 

i6| 

2.032 

32 


40 

86 

lol 

2.132 

24 

64 

44 

72 

21 1 

2.232 

32 

72 

44 

86 

11 

2.034 

24 

64 

40 

72 

I2I 

2.134 

28 

100 

56 

72 

11} 

2,234 

44 ^ 

48 

28 

100 

29I 

2.036 

32 

72 

40 

86 

10 

2.136 

28 

S6 

32 

72 

16 

2.236 

32 

72 

44 

86 

io| 

2.038 

128 

64 

48 

100 

14 

2.138 

28 

72 

48 

86 

10 

2.238 

24 

64 

44 

72 

12I 

2.040 

32 

72 

48 

100 

17 

2.140 

H 

S6 

40 

72 

26 

2.240 

32 

S6 

40 

100 

III 

2.042 

28 

64 

48 

100 

I 3 f 

2.142 

28 

100 

S <5 

72 

io| 

2.242 

24 

64 

44 

72 

12 

2.044 

40 

44 

24 

100 

20| 

2.144 

40 

72 

48 

100 

36I 

2.244 

32 

S6 

40 

100 

11 

2,046 

28 

64 

48 

100 

13 

2.146 

28 

S6 

32 

72 

IS 

2.346 

24 

64 

44 

72 

III 

2.048 

,24 

64 

40 

72 

io| 

2.148 

44 

86 

48 

100 

29 

2.248 

32 

S6 

40 

100 

io| 
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TABLES FOR CAMS 


Table 9.— Geaes for Milling CAyis.--Continmd 



1) 


u 

s 

1 

*9 


s 

g 

1 


w 

M 

i4 

3 

1 

H 

X) 

fl 

« 


3,000 

40 lOP 

S6 

64 

6L 

3.250 

44 

64 

48: 

too 

10 

3 

,500 

28 

4 ! 

44 

72 

II 

3.00s 

40 

64 

48 

86 

3oi 

3.2SS 

32 

48 

40 

72 

28^' 

3 

.505 

28 

48 

44 


loj 

3.0IG 

28 

S6 

64 

86 

36, 

3.260 

32 

S6 

44 

72 

21 

3 

. 5 X 0 

40 

72 

SO 

86 

14 

3.015 

48 

64 

28 

S6 

36^ 

3.265 

48: 

100 

56 

72 


3 

.5x5 

28 

40 

44 

86 

II 

3.030 

148 XOO 

56 

72 

36 

3.270 

40 

S6 

44 

86 

26| 

3 

.520 

24 


48 

72 

x 4 | 

3.02s 

'40 xoo 

56 

72 

X 3 ^ 

3-275 

44 

40 

32 : 

too 

21 j 

3 

.525 

44 

48 

40 : 

roo 

16 

3.030 

40 

64 

44 

H 

37 i 

3.280 

; 48 

64 

28 

S6 

20 

3 

•530 

40 

S6 

44 

86 

IS 

3*055 

24 

40 

48 

86 

2S 

3.28s 

i 32 

48 

40 

72 

27 i 

3 

.535 

24 

I 44 

48 

72 

X 3 f 

3.040 

44 

32 

48 

4 ® ■ 

too 

34 

3.290 

1 32 

44 

4® 

86 

134 

3 

.540 

48 

iioo 

S6 

72 

tU 

3*045 

64 

48 

72 

24 

3.295 

' 24 

44 

48 

72 

25 

3 

•545 

40 

1 S6 

44 

86 

14, 

3*050 

40 

56 

41 - 

too 

14, 

3.300 

32 

48 

40 

72 

27 

3 

•550 

24 

44 

48 

72 

12^ 

3.055 

S6 

44 

28 

86 

42 i 

3.305 

40 

72 

56 

86 

24^ 

3 

■SSS 

40 

56 

48: 

roo 

19} 

3.060 

28 

44 

48 

86 

30I 

3.3x0 

44 

48 

40 : 

roo 

2Sf 

t 3 

.560 

40 

56 

44 

86 

13 

3.06s 

!40 

S 6 

44 

86 

33 

3.3x5 

62 

48 

40 

72 

2o| 

1 6 

•565 

40 

64 

44 

72 

21 

3.070 

',28 

4 ° 

44 

86 

3 X 

3.320 

28 

40 

44 

86 

22 

3 

570 

48 

100 

S6 

72 

X 7 

3.07s 

44 

48 

4 ° ' 

roo 

66 

3.32s 

4 ® 

Sf 

U 

86 

24 f 

3 

•575 

24 

44 

48 

72 

io| 

3,080 

40 


48 

86 

28 

3.330 

28 

S6 

64 

86 

264 

3 

,580 

44 

48 

40 ; 

too 

12I 

3,08s 

2$ 

S6 

64 

86 

34 , 

3.33s 

28 

64 

S6 

72 

lli 

6 

.585 

48 

40 

32 : 

too 

21 

3*090 

48 

64 

28 

56 

344 

3.340 

40 

64 

44 

72 

29, 

1 3 

•590 

40 

64 

48 

72 

3 oi 

3 - 09 S 

48 : 

1 00 

S6 

72 

34 , 

3.34S 

32 

44 

48 

86 

34 i 

3 

S 9 S 

56 

40 

28 : 

roo 

23 i 

3.100 

24 

44 

48 

72 

3 if 

3.350 

44 

48 

40 : 

roo 


3 

.600 

44 

48 

40 : 

roo 

II 

3.10S 

40 : 

100 

S6 

64 

27I 

3.355 

48 

100 


72 

26 

3 

60s 

48 

64 

28 

56 

16 

3.110 

44 


40 

100 

32 

3.360 

40 

56 

48 

roo 

II J 

3 

.6x0 

28 

S6 

64 

86 

14 

3*115 

28 

48 

40 

72 

16 

3.36s 

28 


44 

86 

20 

3 

615 

32 

44 

40 

72 

26^ 

3.120 

44 

6 a 

48 

100 


3.370 

48 

64 

28 

S6 

26 

3 

,620 

48 

40 

32 

roo 

X 9 i 

3.12s 

32 

SO 

44 

72 

aof 

3-375 

44 

4 f 

4® 

100 

23, 

3 

.625 

44 

S6 

48 

roo 

16 

3.130 

32 

S6 

48 

86 

11 

3.380 

62 

S6 

48 

72 

27 t 

3 

.630 

32 

48 

40 

72 

iij 

3 .X 3 S 

28 

44 

48 

86 

28 

1 3.38s 

4 f 

64 

28 

S6 

2S§' 

3 

■63s 

28 

40 

^8 

86 

2ii 

3*140 

62 

S6 

48 

86 

10 

3-390 

48 

40 

32 

100 

28 

3 

.640 

28 

56 


86 

12 

3 .I 4 S 

48 

64 

28 

S6 

83 , 

3.395 

32 

S6 

44 

Vi 

^6? 

3 

.645 

48 

100 

50 

72 

X2j 

3 . ISO 

28 

44 

48 

86 


3.400 

40 

S6 

44 

86 

2 lf 

3 

.650 

40 

72 

64 

86 

128 

3 .XSS 

28 

64 

56 

72 

22 

3.4OS 

28 

44 

48 

86 

i6i 

3 

.655 

321 

64 

56 

72 

20 

3.160 

44 

48 

40 

100 

30 f 

3.410 

32 

48 

40 

72 

23, 

3 

.660 

28I 

48 

S6 

86i 

isl 

3.165 

24 

44 

48 

72 

29 i 

3.415 

28 

40 


86 

17^ 

3 

Ms 

48 

100 

S6 

72 

II 

3.X70 

28 

48 

40 

72 

X 2 

3.420 

32 

40 

48 

86 

40 

3 

.670 

48 

100 

S6 

72 

io| 

3.175 

32 

4 ? 

40 

72 

31 , 

3.42s 

28 

S6 

64 

86 

23 

3 

.675 

48 

64 

28 

56 

III 

3.180 

40 

S6 

44 

86 

29 | 

3.430 

28 

44 

48 

86 

IS, 

3 

.680 

32 

S6 

48 

72 

15 

3.185' 

40 

100 

b 6 

64 

24I 

3-435 

44 

48 

40 

100 

203 

3 

.685 

28 

48 

S 6 

86 

14 

3 .X 90 

28 

S 6 

64 

86 

31 

3.440 

48 

100 


64 

35 

3 

.600 

56 

48 

24 

64 

325 

3.195 ■ 

44 

72 

48 

86 

205 

3.44s 

28 

44 

A$ 

86 

14 

3 

.695 1 

44 ': 

. S6 

48 

100 

III 

3.200 

48 

xoo 

56 

72 

6X, 

3.450 

28 

S6 

64 

86 

22 

3 

.700 

48 

40 

32 

100 

isf 

''3.205: 

28 

40 

44 

86 

26| 

3 . 4 SS 

40 

56 

44 

86 

X 9 

3 

.70s 

32 

S6 

48 

72 

134 

3,210 

24 

44 

48 

72 

28 

3.460 

40 


S6 

86 

17 

3 

.710 

44 

100 

56 

64 

xsi 

3.2x5 

40 

64 

48 

72 

39 i 

3.46s 

32 

64 

S6 

li 

27 

3 

•7x5 

28 

48 

56 

86 

12 

3.220 

56 

44 

28 

86 

39 , 

3.470 

28 

48 

56 

86 

24 

3 

.720 

32 

S6 

48 

72 

12^ 

3.225 

24 

44 

48 

72 

27 § 

3.475 

40 

S6 

44 

86 

18 

3 

.725 

56 

44 

28 

86 

26 

3.*30 

48 

40 

28 

xoo 

x6 

3.480 

28 

48 

44 

li 

124 

3 

.730 

48 

64 

32 

56 

294 

3.23s 

32 

72 

64 

86 

12 

3.485 

40 

56 

44 

86 

17I 

3 

•735 

40 

64 

44 

72 

12 

$.240 


44 

48 

72 

27 1 

3.490 

32 

40 

44 

86 

3 x 4 

3 

•740 

56 

44 

28 

86 

2Sj 

3.24s 

28 

40 

44 

86 

.5] 

1 3.49s 

24 

44 

48 

72 

16 

3 

.745 

40 

64 

48 

72 

26 
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[4 32 64 45 
28' 64 36 
S6 72 32i 
>4 44 56 40 
10 24 72 28 
.8 s6 86331^ 

2 64 86 38| 

4 56 86 40 
8 32 72 40 
6 24 64 19J 
2 64 86 23I 
4 28 72 23 
4 56 86 21 

0 48 72 12 
4 48 72 

4 56 86 IS 
4 44 S6 39 
4 S6 86 I4i 
4 S6 86 20 

4 S6 86 14 
48 72 IS 
S6 86 isi 
48 72 14I . 
S6 86 13 . 
48 72 14 ^ 

5 48 72 28 ^ 

) 24 64 36I ^ 
I. 48 86 24 ^ 

1 48’ 72 13 ^ 
!■ 56 86 18 

> 44 72 18 ^ 
• 32 64 43 ^ 

' 32 86 38J A 
. S6 8638 4 

’ 32 7238, A 
44 S6 37i 4 
24 5635 4 

24 64 II 4 

S6 7234 4 
56 72 IS 4 

64 86 36^ 4 
64 86 iSi 4 
64 72 22 4 

28 64 22§ 4 
28 72 I7i 4 

4410023 4 

64 86 36 4 

S6 8637! 4 

24 64 lof 4 
28 72 i6| i 


W 48 72 Ilf 
p 32 86 37 
’q Sf 3 Si 
1.8 24 s6 33I 
t8 24 7237 
;6 24 64 34 
'4 S6 72 lof 
16 48 72 24 
;6 64 86 35 
6 24 72 20f 
.4 32 86 27f 
o 48 86 38^ 

4 56 86 10 
o 44 72 10 
4 56 86 3S| 

8 32 72354 
6 24 64 33 
4 40 56254 
8 28 64 i8f 
6 64 72 17J 

4 28 72 III 

5 24 72 i8| 

3 s6 8635! 

48 86 i6f 5 

2 64 

5 64 86 23 4 5 
24 72414 5 
44 SO 34 s 
56 86 35 5 

) 64 72 is4 5 
^ 24 6437 S 

32 86 2$ 5 
! 24 64314 s 

• 28 64414 5 

■ S 6 72324 S 

' 32 86 19 5 

28 64 15 5, 

64 86314 5, 

^4 7 a 134 S- 

24 72 15 5. 

64 7213 S ’ 

28 64 36 5. 

64 72 124 s. 
32 86334 5- 
32 7233, S ’ 
$6 72 2i4 5. 

24 72334 s. 

64 86314 5. 

! 24 64 274 s« 

S6 7228 s.; 


Ill 


0 48 64 56 7231 

5 56 44 28 64 26 

0 S6 48 28 64 IX 

5 40 48 44 72 10 

3 40 44 $6 86 32 

5 64 48 32 72 32 

3 56 48 44100114 
$ 44 s6 48 72 16 

? 32 44 5 ^ 7227 

) 64 48 24 5628 

5 48 64 40 56 194 

> 56 48 44 100 10 

> 86 64 28 72 144 

; 86 48 24 72 32 

> 40 56 64 86174 

: 40 44 56 8631 

> 64 48 32 72 31 

86 56 24 64 28 

' 32 48 s6 72 II 

S6 40 32 86 12 
32 40 48 72 17 
40 44 64 86 41 
56 72 64 86 28 
40 48 s6 86194 
44 40 48 86 334 
56 44 28 64 23 
64 40 32 86 304 
40 S6 64 86 IS 
40 44 48 72 32 
40 48 s6 86184 
48 64 56 72 28 
86 40 24 72 44 
40 48 s6 86 18 
44 64 56 72 IS 
72 44 24 56 424 
32 40 48 72 14 
S6 72 64 86 26 J 
56 40 48 100 39I 
40 56 64 86 124 
44 48 56 86 294 
64 48 24 56 244 
64 32 28 72 48 
44 S6 64 86 27 
72 48 24 64 22 
48 64 s6 72 264 
48 so 64 86 35 
44 04 S6 72 12 
40 SO 04 8610 
86 s6 S4 64 244 
32 44 SO 7222 



yfer^ff mmi 




28 64 3t I 
64 86 26 I 

24 S6 23, i 
S6 72 2S| . 
56 86 28 j 
56 86 27 I 
32 72 27 5 
32 72 42 . 

48 100 30 1 

56 86 37i < 
48 72 29 I 
32 86 27 1 
28 64 t7h ] 
28 72 121 1 
64 86 24I I 
28 72 12 ‘ 

32 86 10 ' 

24 $6 21 ' 

24 64 22 ' 

24 72 26^ ' 
24 04 18 
64 72 32i ' 
32 7334 , 

56 86 20 
24 56 20 
28 72 45 ; 
56 72 z8 
64 86 2i| 
24 73 2Sl 
56 72 I7§ 
28 72 37i 
28 36 42 
$6 86 25 
40 72 43i 
24 64 I si 
44 S6 23 

32 564s, 

32 72 331 
64 86 21 1 
44 56 221 
24 S6 17§ 

33 72 23 
32 86 23^ 
64 72 38^ 
24 64 13 i 
32 72 22I 
64 72 44 
32 64 43 

24 6441^ 
56 86 23 


28 72 4S S-7SO 
64 86 18 S.7SS 
32 6431 5.760 

56 86 22^ 5.765 
32 86 22 5.770 

24 72 32 S-77S 

32 64 42i 5-780 
64 86 17 5.78s 

32 86 2il 5-790 
56 86 2o| 5.79s 
64 86 i6| S-8oo 
44 S6 19I 5.805 
56 86 38I 5.810 
32 72 38! 5.815 
24 72 39 S.820 

24 72 21 5.825 

56 86 19I 5.830 
24 72 31 5.83.5 

64 7241 5.840 
28 64 24 5.845 
24 64 134 5.850 
44 S6 18 5.855 
56 72 371 5.860 
24 64 40 5.865 

32 72 i8i 5*870 
32 72 34I 5.875 
24 72 iQl 5.880 

44 S6 17 5.885 
64 86 X3 5.890 
56 8638 5*895 
44 56 i6i 5.900 
32 72 29 5.905 

56 72 14 5.910 

44 56 16 5*915 

44 100 23 5.920 

28 72 33I 5*925 
24 72 18 5.930 
64 86 i3i 5*935 
64 86 45 J 5.940 
56 72 12I 5*945 
64 '86 10 5.950 
S6 86 isi 5.955 

32 72 ISI 5*900 
64 72 30i 5*965 
S6 72 36 5*970 

24 72 284 5*975 
44 5613^ 5*980 
S6 72 io| 5.985 
I 64 86 II S-990 
32 6440 5.995 


32 72 14 
24 72 IS, 

40 7239;- 

56 80 15 
28 S6j7^ 
44 S6 ri! 
S6 8612^ 
32 72 12 
32 86 
24 72 
24 5621^ 
S6 7235J 

28 7233^ 
24 64 37i 
24 5621 
32 723s 
24 72 134 
32 86 u 
S6 723s 
32 86 II 
32 7231 
S6 8634$ 

32 72 34} 

28 72 io| 
32 64 38 
44 100 I7| 

32 72 3oi 

28 5644 
64 72 32I 
48 72361 
40 4836 
48 ni 3 
32 6438 
64 7237 
so 7224, 

32 S6 39 h 
24 6436 
28 6434 
32 73 2g : 
48 86 14: 

32 6437: 
64 7231 
48 7210 
S6 72 33 
48 72 3Si 
48 100 12 

56 7233 
64 72 i 9 \ 

: 1: Ulh 










WORM AND HELICAL GEARS 


Table ro.— G earing tor Cpittog Worm amp Gears 

Leads from 0.670 to 3.143 Inches ' 

^ Driven _ Second X Worm 
Drivers First X Screw 


i I? is I 

‘fa |Q aa “-D 

|a|l U iS 


6 24 100 
6 28 100 
2 24 100 
^ 32 100 
4 24 100 

2 24 86 

2 28 100 

> 24 100 

> 32 100 
I 24 86 
I 28 100 
! 32 100 
f 28 86 

• 40 100 
' 24 86 

32 100 
28 86 
44 100 
32 86 
32 100 
40 100 
40 100 
48 100 
24 100 
32 86 
32 100 
44 100 
32 86 
28 72 
44 lOQ 
40 100 
24 100 
40 86 

40 100 
48 100 
32 86 
48 100 
32 86 
44 100 
24 100 
32 72 
44 86 

44 100 , 


For leads up to 3.143 inches. 
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Gearing 3?OR Cutting Worm and Helical Gears.- — Continmi 


Leads from 6.720 to 12.444 Inches 
Lead __ Driven _ Second X Worm 
10 Drivers First X Screw 
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Geaking eoe Cutting Wom anp Helical GEAEs—C(?w^mz/e(Z 

Leads from 12.468 to 24.635 Inches 
Lead _ Driven ^ Second X Worm 
10 Drivers First X Screw 


Gear on Worm 
(Driven) 

First Intermediate 

Gear (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Driver) 

Lead of Spiral in 

Inches 

Gear on Worm 
(Driven) 

First Intermediate 

Gear (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Driver) 

Lead of Spiral in 

Inches 

Gear on Worm 
(Driven) 

First Intermediate 

Gear (Driver) 

Second Intermediate 
Gear (Driven) 

64 

S6 

48 

44 

IS. 429 

72 

56 

48 

40 

19.196 

86 

32 

40 

56 

28 

40 

64 

15.469 

72 

32 

44 

64 

19.286 

72 

32 

48 

86 

40 

2$ 

48 

15.556 

64 

32 

56 

72 

19.592 

64 

28 

48 

64 

56 

44 

40 

15.636 

86 

40 

32 

44 

19.636 

72 

44 

48 

64 

28 

40 

72 

15.677 

86 

64 

56 

48 

19.688 

72 

32 

S6 

86 

S6 

40 

48 

IS. 714 

64 

32 

44 

S6 

19.708 

86 

48 

44 

S6 

48 

44 

40 

15.750 

72 

64 

56 

40 

19,907 

86 

24 

.40 

72 

28 

32 

64 

IS. 926 

86 

48 

64 

72 

20.156 

86 

64 

72 

56 

24 

40 

72 

16.071 

72 

32 

40 

56 

20.204 

72 

28 

44 

86 

48 

32 

44 

16.12s 

86 

64 

48 

40 

20.364 

64 

44 

56 

72 

40 

32 

44 

16.288 

86 

48 

40 

44 

20.455 

72 

32 

40 

S6 

32 

48 

64 

16.296 

64 

24 

44 

72 

20.476 

86 

56 

64 

86 

40 

44 

72 

16.424 

86 

32 

44 

72 

20.571 

72 

56 

64 

64 

32 

48 

72 

16.SOO 

72 

48 

44 

40 

20.62s 

72 

48 

44 

72 

40 

64 

86 

16.722 

86 

40 

56 

72 

20.741 

64 

24 

56 

86 

32 

28 

56 

16.753 

86 

56 

48 

44 

29.903 

86 

32 

S6 

72 

64 

48 

40 

16.797 

86 

32 

40 

64 

20.952 

64 

24 

44 

72 

48 

40 

44 

16.875 

72 

32 

48 

64 

21.000 

72 

48 

S6 

86 

28 

32 

72 

16.893 

86 

56 

44 

40 

21.116 

86 

32 

44 

64 

S6 

48 

40 

16.970 

64 

48 

56 

44 

21.429 

72 

28 

40 

56 

28 

44 

64 

17.063 

86 

28 

40 

72 

21 .818 

72 

48 

64 

86 

24 

28 

72 

17.102 

86 

64 

56 

44 

21.939 

86 

28 

40 

86 

56 

40 

44 

17.143 

72 

56 

64 

48 

21.989 

86 

64 

72 

64 

28 

44 

72 

17.277 

86 

64 

72 

56 

22,041 

72 

28 

48 

72 

56 

48 

44 

17.374 

86 

44 

64 

72 

22.338 

86 

56 

64 

72 

32 

40 

64 

17.455 

64 

44 

48 

40 

22.396 

86 

32 

40 

86 

56 

44 

48 

17-500 

.56 

■24 

48 

64 

22.500 

72 

28 

56 

72 

56 

44 

40 

17. SSI 

86 


32 

56 

22.803 

86 

48 

56 

56 

24 

44 

72 

17.679 

72 

56 

44 

32 

22.857 

64 

24 

48 

64 

32 

40 

56 

17.777 

64 

28 

56 

72 

22.909 

72 

44 

S6 

72 

64 

56 

44 

17.917 

86 

32 

48 

72 

23.036 

86 

56 

72 

86 

40 

48 

72 

17.959 

64 

28 

44 1 

56 

23.333 

.64 

48 

56 

86 

64 

48 

44 

18.333 

64 

48 

44 

32 

23.45s 

86 

44 

48 

64 

48 

44 

40 

18.367 

72 

28 

40 

56 

23.516^ 

86 

64 

56 

72 

28 

32 

56 

18.429 

86 

S6 

48 

40 

■23. 571 1 

72: 

28 

44 

86 

64 

44 

40 

18.477 

86 

32 

44 

64 

23.889 

86 

32 

64 

64 

24 

40 

72 

18.667 

64 

48 

S6 

40 

24.000 

72 

48 

64 

86 

32 

40 

72 

18.701 

72 

S6 

64 

44 

24.133^ 

86 

28 

44 

' 56 

28 

48 

64 

18.750 

72 

32 

40 

48 

24.188 

86 

64 

72 

86 

44 

S6 

72 

18.770 

86 

28 

44 

72 

24.432 

86 

32 

40 

64 

28 

48 

72 

18.813 

86 

64 

56 

40 

i .24.545: 

72 

44 

48 

> S6 

44 

48 

40 

19^091 

72 

48 

56 

44 

1 .24.571^ 

86 

S6 

64 

■r 

«8 

32 

64 

19. Ill 

86 

40 

64 

72 

"24.635' 

86 

48 

44 


For leads up to 24.635 inches. 
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Gearing S'OR Cxjtting Worm and Helical QEhm.-^Continud 
Leads from 24.750 10, 80.625 Inches 
Lead _ D riven _ Second X Worm 
10 Drivers First X Screw 


Lead of Spiral in | 

Inches 1 

Gear on Worm 
(Driven) 

First Intermediate 

Gear (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Driver) 

Lead of Spiral in 

Inches 

Gear on Worm 
(Driven) 

First Intermediate 
Gear (Driver) 

Second Intermediate 
Gear (Driven) 

Gear for Screw 
(Driver) 

Lead of Spiral in 

Inches 

Gear on Worm 
(Driven) 

First Intermediate 
Gear (Driver) 

Second Intermediate , 
Gear (Driven) 

Gear for Screw 
(Driver) 

24.750 

72' 

40 

44 

32 

30.857 

72 

28 

48 

40 

40.952 

86 

28 

64 

48 

25.083 

86 

48 

S6 

40 

31. Ill 

64 

24 

56 

48 

41.143 

72 

28 

64 

40 

25.130 

86 

56 

72 

44 

31.273 

86 

44 

64 

40 

41.806 

86 

24 

S6 

48 

25.455 1 

64 

44 

S6 

32 

31 .354 

86 

48 

56 

32 

42,232 

86 

28 

44 

32 

25.595 : 

86 

28 

40 

48 

31. 500 

72 

40 

S6 

32 

43. 000' 

86 

40 

64 

32 

25.714 i 

n 

S6 

64 

32 

31.852 

86 

24 

64 

72 

43.636 

72 

-24 

64 

44 

26.061 

86 

48 

64 

44 

32.000 

64 

28 

56 

40 

43.977, 

86 

44 

72 

32 

26.182 ; 

72 

44 

64 

40 

32.250 

86 

48 

72 

40 

44.67s 

86 

28 ' 

64 

44 

26.250 

72 

48 

56 

32 

32.576 

86 

24 

40 

44 

45.000 

72 

28 

S6 

32 

26.327 

86 

28 

48 

S6 

32.727 

72 

44 

64 

32 

45.606 

86 

24 

56 i 

44 

26.667 

64 

28 

S6 

48 

32.847 

86 

24 

44 

48 

46.071 

86 

28 

72 

48 

26.87s 

86 

28 

56 

64 

33. 507 

86 

28 

48 

44 

47.778 

86 

24 

64 ‘ 

48 

27.000 

72 

40 

48 

32 

33.786 

86 

28 

44 

40 

48.000 

72 

24 

64 

40 

27.302 

86 

28 

64 

72 

33.939 

64 

24 

56 

44 

48.375 

86 

40 

72 

32 

27.364 

86 

44 

S6 ! 

40 

34.205 

86 

44 

56 

32 

49.143 

86 

28 ; 

64 1 

40 

27.500 

72 

24 

44 i 

48 

34.286 

72 

28 

64 

48 

50,167 

86 

24 ’ 

56 

40 

27.643 

86 

S6 

72 i 

40 

34.554 

86 

S6 

72 

32 

50.260 

86 

28 

72 

44 

27.922 

86 

28 

40 

44 

35.000 


24 

56 

48 

51.429 

72 

28 

64 

33 

28.000 

64 

40 

S6 

32 

35.102 

86 f 

28 

64 

S6 

52.121 

86 

24 ! 

64 

44 

28.052 

72 

28 

48 

44 

35.182 

86 

44 

72 

40 

S3. 750 

86 

28 

56 

32 

28.15s 

86 

28 

44 

48 

35.833 

86 

48 

64 

32 

SS.286 

86 

28 1 

72 

40 

28.636 

72 

44 

56 

32 

36.000 

72 ' 

40 

64 

32 

57.333 

86 

24 ! 

64 

40 

28.667 

86 

48 

64 

40 

36.857 

86 

28 

48 

40 

58.636 

86 

24 ^ 

72 

44 

29.091 

64 

28 

56 

44 

37.403 

72 

28 

64 

44 

60.000 

72 

24 

64 

32 

29.318 

86 

48 

72 

44 

37.62s 

86 

40 

S6 

32 

61.429 

86 

28 

64 

32 

29.388 


28 

64 

56 

38.182 

72 

24 

56 

44 

62,708 

86 

24 

56 

32 

29.563 

86 

40 

44 

32 

39.091 

86 

44 

64 

32 

64.500 

86 

24 1 

72 

40 

29.861 

86 

24 ' 

40 

48 

39.417 

86 

24 

44 

40 

69.107 

86 

28 , 

72 

32 

30.000 

72 

48 

64 

32 

39.490 

86 

28 

72 

S6 

71.667 

86 

24 : 

64 

32 

30.234 

86 

64 

72 

32 

40.000 

72 

24 

64 

48 

80.62s 

86 

24 j 

72 " ! 

32 

30.714 

86 

S6 

64 

32 

40.313 

86 

48 

72 

32 







For leads up to 80.625 inches. 


Brown ANo Sharpe Dividing Head — Table of Gears and Index Plates 
Gears: 24 (2) 28, 32, 40, 44, 48, S6, 64, 72 , 86, 100 teeth. 

Index platen: Number of holes in circles: 

No. I : IS, 16, 3:7, 18, 19, 20 holes. 

No. 2. 21, 23, 27, 29, 31, 33 holes. ^ 

No. 3, 37, 39 , 41, 43 , 47 , 49 holes. 
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PLAIN AND DIFFERENTIAL INDEXING ON BROWN 
AND SHARPE MILLING MACHINES 

The general arrangement of the universal dividing head is illus- 
trated in Figs. 23 to 25. As indicated by the diagrammatic sketch 
Fig. 24, the worm wheel A is secured to the main spindle of the 
spiral head and rotated by means of the worm shaft and single- 
threaded worm B. The index plate (having rows of equally spaced 
holes) remains stationary during the dividing operation and is 
fitted with adjustable sector arms which obviate the necessity of 
counting the number of holes through which the index crank 
must be moved each time a division is made on the surface of 



Fig. 23.-- -Brown and Sharpe Dividing Head Arranged for 
Differential Indexing 

the work. The standard ratio between the worm B and the worm 
wheel A is 1:40; and to find the movement of the index crank 
or any required division, the following formula is employed: The 

movement of the index crank = where N is the number of equal 

divisions required. 

Example.- — ^Let it be required to divide the circumference of a 
piece of work into 48 equal parts. 

The movement of the index crank for each division « ~ | 

: 48,''':' 6 

revolidions. 

An index plate having a row of 1 8 holes would be chosen and the 
sector arms set to limit the movement of the index crank to 15 




DIFFERENTIAL INDEXING 


Plain or simple indexing is obtained directly by using the index 
plate and does not make use 'of the gearing shown in Fig. 23. 


Wor/nWheeK 
40Teefh . 


Sector /Irms Index 




Single' B 
Thre^tVorm 


Fig. 24. 



C P 

I 


0 

' \ 

1 


eT 






A, Hbr/nMee/, 


Index Crank* ^ 

Fig. 25. 

General Principle of Differential Indexing 

The number of equal divisions which may be obtained by simple 
indexing (with the index plates usually provided by milling-machine 
makers) is strictly limited, and does not meet all the requirements 
called for in practice. 

Diferential indexing provides the most convenient way of over- 
coming this difficulty, this method being simpler than compound 
indexing. In the differential system the dividing operation is per- 
formed as in simple indexing, the only difference being that the 
index plate instead of remaining stationaty during the process of 
indexing, is made to move relatively to the index crank. The index 
plate is connected to the main spindle of the index head by a set of 
change gears, which may be arranged to give either sl positive or 
negative movement to the index plate; whichever is found necessary 
to determine the actual motion which must be given to the index 
crank in order to satisfy the formula given above for simple index- 
ing: Actual movement of the index crank = 

The two views in Fig. 14 and the diagram in Fig. 16 will serve to 
give an idea of the arrangement of the gearing, which is adopted in 
differential indexing. 

For any movement of the index crank the motion is transmitted 
to the index plate (which is free to rotate on the worm shaft) as 
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m 


follows: The index crank drives through the worm shaft and worm 
B to the worm wheel A, which in turn transmits the motion throuffK 
the change gears, spiral gears, and equal gears, the last of which k 
connected directly to the index plate. The last pair of gears be& 
equal and driven through equal spiral gears, whatever number of 
revolutions are given to the gear E, the index plate will make the 
same number. It is therefore convenient to consider the revolutions 
of the gear E as the revolutions of the index plate in all calculations 

To illustrate the influence of the gearing on the index plate and 
indexing operation, consider the following example: Required to 
index for 107 divisions: 

If we use the plate having 20 holes and move 8 holes per division 
as in simple indexing for 100 divisions, 100 moves will of course be 
required to rotate the worm 40 turns, which in turn rotates the 
spindle once. If now we make 107 moves with the index plate fixed 

as in simple indexing, we will obtain 107 X - 42.8 revolutions of 

the worm, which is 2.8 in excess of what is required. Therefore, the 
index plate must be geared so that it will move back 2.8 turns while 
the spindle is revolving once; that is, the ratio of the gearing must 
be 2.8:1. 

2.8 2 

■ ' ■ I ' 2 ^ I ' 

l^x — = — -x— = — 

2 20 40 I 32 32 

Then — - ^ X and the gears will be 64 and 56 for the 

spindle and first gear on stud and 40 and 32 for the worm and second 
gear on stud, as shown in Fig, 23. As compound gears are used, 
but one idler is required to cause the index plate to move in a direc- 
tion opposite to that of the crank. For this purpose an idler having 
24 teeth is employed. ^ 

Formula for Finding the Gear Ratio 

A simple formula for the determination of the gear ratio necessary 
to rotate the index plate as required for any given number of teeth 
is derived as follows: 

Let AT equal the number of divisions required to be indexed. 

Let ^ equal some number either greater or smaller than N, which 
can be obtained directly by simple indexing. 

Let ^ equal the index setting, that is, the setting of the sector 
arms for each movement of the index crank; 

Then (n — iV) X ~ equals the gear ratio. 

fP 

If the number chosen for n is greater than the number of divisions 
required (iV) the index plate must be geared to have a positive 
motion, that is, to rotate in the same direction as the index crank. 


A 
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If the number w is less than iV, the index plate is geared to have a 
negative motion, that is, to rotate in opposite direction to the crank. 

Application of the Formula 

Suppose we wish to obtain 63 divisions. Choose any number for 
n which may be obtained by simple indexing, say 60, then 

(» - A) = (60 — 63) >= - 3 


This number (—3), when multiplied by the value of the index set- 
ting, will give the gear ratio. The index setting = then 

40 60 2 

(.» 3 X ^ — - or as the gear ratio. 

fi Oo 30 X 

We can, therefore, use gears of 48 and 24 teeth, the 48 gear being 
the driver, and the 24 gear, the follower; that is, the 48 gear being on 
the spindle, and the 24 gear on the worm. As n is smaller than iV', 
the idlers are arranged to give a negative movement to the index 
plate. 


The index setting is found above as — which equals or -• We 

n 60 3 

can thus use the 39-hole circle in the index plate and set the sector 

26 2 

for 26 holes, giving the setting as ~ or that is, we set the sector 

and index pin exactly the same as for simple indexing of 60 divisions. 

The tables on the following pages give the dividing-head gears for 
indexing ail numbers up to 730. 
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1 

. ■ 'o ^ 

1 

Index Circle 

No. of Turns of 

Index 

Gear oa Worm 

No. I, 

Hole 

Gear on Spindle 

Xdlm 

First Gear 
on Stud 

Second G^r 
on Stud 

No. 1 Hole 

No. 2 Hole 

53 ^ 

27 

■if 

72 



48 

24 


533 

27 

-ii 

72 

32 

48 

64 



533 

27 


72 

32 

48 

56 



534 

27 

"h 

72 



32 

44 


535 

27 


72 

32 

48 

40 



536 

39 


52 ^ 



64 

24 

44 

537 

27 

■h 

i 72 

28 

56 

32 



538 

29 

A 

S8^ 

S6 

24 

72 



539 

49 

A 

28 

48 

24 

56 


24 

540 

27 

X 







541 

39 

A 

52 1 

56 

32 

48 


24 

S 42 

39 

A 

52! 

44 

32 

64 


24 

543 ! 

27 

A 

72 

24 

48 

32 


24 

544 ; 

IS 

A 

40 

S6 

24 

64 



S 4 S 

IS 

4 i 

32 

44 

24 

64 



54 ^ 

39 

A 

32 



64 

24 

44 

547 

27 


72 

32 

48 

56 


24 

548 

27 ; 


72 

i 32 

48 

64 


. 24 

549 

27 

A 

72 



1 48 

24 , 

24 

550 . 

15 


32 

40 

24 

! 64 

{ 


551 

29 

A 

32 



64 

44 


SS2 

27 

A 

72 

24 

24 

64 


24 

SS 3 

49 

A 

28 

48 

24 

72 


24 

554 

27 


72 1 

S6 

48 

64 


24 

555 

IS 

A 

24 



72 

44 


556 

IS 

A 

24 

44 

40 

64 



557 

15 

A 

40 

32 

24 

86 



558 

27 

A 

48 



64 

24 

44 

SS 9 

39 

A 

24 



72 

24 

44 

560 

43 

A 

86 

40 

32 1 

64 



561 

27 

A 

72 

56 

32 

64 


24 

562 

27 

A 

72 

44 

24 

64 


24 

S% 

29 


58 V 



681 

44 


564 

43 

A 

86 

24 

24 

5 ^ 



565 

IS 

A 

24 



56 

44 


566 

43 

A 

86 

24 

24 

44 



567 

15 

A 

32 

44 . 

40 

64 



568 

15 

A 

40 

32 

24 

64 



569 

29 

A 

58 ^ 



44 

24 


■:„,"S 70 ." 

■ 15':. 

A 

32 



64 

44 



1 Special gear . 
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J 

P 

u 

1 

ll 

Index Circle 

No. of Turns of 

Index 

Gear on Worm 

No. I Hole * 

Gear on Spindle 

■ 'No.' 2 Hole, ■; 

First Gear on 
Stud 

2- 

0 ^ 

T» 

CO 

No. X Hole 

■ij 

i 

A 

i 

651 

16 


64 



44 

24 

24 

652 

16 

A 

32 



24 

^ 24 

44 

6 S 3 

33 

•A 

72 

28 

44 

48 

[ ■ 


654 

16 


64 



S6 

24 

44 

6SS 

16 


64 

40 

32 

48 


24 

656 

16 

A 

24 



24 

24 

44 

6 S 7 

18 

X 

i 32 

48 

24 

S6 



658 

16 

A 

1 64 

24 

24 

72 


24 

6 S 9 

16 

* 

64 

24 

24 

751 


24 

660 

33 

A 







661 

16 

A 

64 

56 

48 

72 


24 

662 

16 

A 

64 

44 

24 

48 


24 

663 

17 

iV 

24 



24 

56 


664 

16 

A 

32 



48 

24 

44 

665 

49 


56 



40 

24 

44 

666 

18 

A 

24 



72 
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64 

48 

32 
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24 
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16 

A 
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1 24 

44 

669 
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A 
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24 

24 

24 
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A 

72 

48 

44 
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24 
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33 

■X 
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24 

24. 
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18 
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64 
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A 

48 

44 

32 
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24 
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A * 

72 

56 

44 
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24 
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A 
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24 

24 
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A 
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24 

44 
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A 

48 

32 

24 
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A 
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A 
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44. 

24 

40 
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A 
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24 

24 
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A 
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24 

24 
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A 
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24 

44 
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A 
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64 

44 
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18 

A 

24 

S6 

48 1 

40 



686 

15 

A 

40 

64 

24 

86 


24 

687 

18 

A 

24 



44 
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688 

16 

A 

24 



72 

24 

::.' 44 '; 

689 

39 

A 

24 

48 

24 

56 



690 

18 

A 

24 



40 

S6 
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Number of Divisions 

Index Circle 

*0 

Is 

0-0 

Gear on Worm 

No. I Hole 

Gear on Spindle 

Idlers 

First Gear on 
Stud 

Sea>nd Gear 
on Stud 

Ji 

tS 

S : 

1 

691 

18 

A 

48 

32 

24 

S8^ 



692 

18 

-h 

72 

S6 

32 

64 



693 

18 

■h 

32 



48 

44 


694 

17 


68 1 



S6 

24 

44 

695 

18 

s 

72 

24 

24 

100 



696 

; 

tV 

24 



32 

56 


697 

17 

-h 

24 



24 

24 

44 

698 

18 

, A 

72 

1 44 

24 

48 



699 

18 

A 

48 



s^ 

44 


700 

18 


72 

,■40 

32 

64 



701 

17 


681 

1 48 

32 

56 


24 

702 

18 

A 

24 



24 

56 


703 

19 

A 

24 



72 

44 


704 

18 

A 

72 

24 

24 

64 



70s 

18 

A 

48 



40 

44 


706 

18 

A 

72 



56 

24 


707 

18 

A- 

72 



52 ^ 

24; 1 


708 

18 

* 

72 



48 

24 


709 

18 

A 

72 



44 

24 


710 

18 

TS' 

72 



40 

24 


711 

18 

X 

64 



32 : 

44 


712 

18 

X 

72 



32 

24 


713 

18 

A 

72 



28 

44 


714 

j[8 

A 

72 



24 ; 

44 


71S 

18 

* 

72 


64 

40 1 
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18 

A 

72 

28 

S6 

32 
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72 

24 

64 

32 
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33 

A 

44 

58 1 

24 

64 


24 

719 

17 
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52! 

24 

72 


24 

720 

18 

A 




1 
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A 

24 

64 
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19 

A 
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64 

44 
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18 

A 

72 

24 

64 

32 


24 
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A 

72 

28 

S6 

32 


24 

■,72s 

18 

A 

72 

24 

48 
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24 
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18 
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24 

24 

44 

727 

18 

A 

72 



28 

24 

44 

728 

18 

A 

72 



32 

24 

44 

729 

18 

A 

64 



32 

24 

44 

730 

20 

A 

32 

48 

24 

56 




1 Special gear, 
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muxing-machtne feeds 


and SPEEDS 


"WIDE-RANGE DIVIDER 

Company fo/ u^'wlS 'thdr^divWing head"T*^ Milling Machine 
divisionsfrom 2 to 400,000 anS an. 

seconds. This is built into tL I degrees, minutes, and 

has a large and a small r»i + head, as m Fig. 26 Tf 

The small crank operates l crank 

ventional 40:1 ratm Bv usiL t'L f ^ ^ ^^^cr is the con- 

are obtained. For othe^ divifiont ® divisions 

Fi^re 26 shows the large reversible “ “sed. 

of holes at A "with sector fnr orvoy-* cx plate with eleven circle<j 
set from position shown o anyS^joXtld"^^^ b 

plate C and sector G for spacina SLv n f!, ^ Position) ; small index 
two circles of holes, narndyfifo and 54 ^2 








dividojis, '4*'® number of 

obtained with the large plate onlv' others, can be 

read directly from tKble nn Ze fd the settings may be 

of divisions required is not listed in'nX^/'Kf *^0 number 

■in the Mowing Sa^erf the setting 

Setup: 

pie? 

fraction, 5970^^, ^ ^ ^ 2. whole number quotient and a 

.oibo“dS.““b*g&g?“ gs,'* ‘°i 

obtained. ^ numbers of the quotient 

roilS &r7?b?.g'‘Arf Sfgbff* ^ 'r "» •>■' 

obtained. ^ numbers of the quotient 



WIDE-RANGE DIVIDER 


454 ^ 


Should the quotient be a five-digit number, the first number 
represents the number of Ml turns of crank B. (No five-digit 
quotient appears when making divisions higher than 40, and 
furthermore, calculations are unnecessary for any number less 
than 61.) 

Operation: 

4. Index crank B an amount equal to the sector setting, namely, 
59 spaces (see Fig. 26). 

5. Then index crank D an amount equal to the sector setting, 
namely, 70 spaces. (Both cranks are moved in the same direction.) 

6. Compensate for fraction by adding one space to the index 
movement of the small crank D at intervals equal to the nearest 
whole number obtained by dividing i by The result of this 
division is 7. Therefore, every seventh division, index 71 spaces 
on the small plate C instead of 70. In this way you pick up the 
fractional remainder, and the maximum error is only equal to 
0.0000942 inch on a 12-inch diameter circle (the movement of one 
space in the loo-hole circle on the small plate). 

Angular Spaced Divisions. — If the divisions are spaced in degrees, 
minutes, and seconds, the procedure in calculating the setting is 
very similar to that outlined above, except that for sake of con- 
venience, use the 54-hole circle on both plates. Complete tables 
• are listed in Tables ga and gb. 

Using crank B on the large plate (Fig. 26) : 

' I. One complete turn is equivalent to 9 degrees. 

2. Six spaces in the 54-hole circle equals i degree. 

3. One space in the 54-hole circle equals 10 minutes. 

Using crank D on the small plate: 

' I. One complete turn of crank D equals 5 minutes and 24 seconds. 

2. Ten spaces in 54-hole circle equals i minute. 

' 3. One space in 54-hole circle equals 6 seconds. 

> Example. — Indexing an angle of 3 degrees, 20 minutes, 12 

? seconds. 

I Setup : 

I I. Consult the Degree table on page 454&, and set the sector on 
index plate A (Fig. 26) for 18 spaces on the 54-hole circle, 

I 2. Consult the Fractions of a Degree table on page 454^, and set 
} sector G on plate C for 40 spaces on the 54-hole circle, 

f Operation : 

} i. Index large crank B (Fig. 26) an amount equal to the sector 
setting, namely, 18 spaces. 

2. Index small crank Z> three turns (see table) plus the sector 
I setting, namely, 40 spaces. (Both cranks are moved in the same 
J direction.) 

J The index pin in the crank for the small plate is eccentric to 
i provide a method of adjusting the pin from the loo-hole to the 
^ 54-hole circle, and vice versa. 
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Note. — W lien indexing degrees and fractions of a degree, cranks B and D in above tables are both moved in the same direction. 
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THE USE OF DIVIDmG HEADS 

Every miUing-macliine operator, especially those eneaeeH ir, 
tool room work, should famiharize himself with the deta^^aurf 
possible uses of both the Cincinnati Wide Range Divider and the 
s “ade by the Kearney & Trecker Corporation 
These dividing heads and their uses are described in considerXe 
detail because of their importance where special divisions or lead s 
g® “^ecessary to secure the desired results in mechanisms of various 

/Degree phie, one hole -one degree 
n /^d^lnuhesplcfle, one hole one m/nuhen 

Jl f p/afe, one hole = one secondW 


M/nufee 
crotnk - — -J 

Seconds/ 

cro/nh 




ri? _ -J 1 1 

iJ?iG. 27 .— Kearney and Trecker Dividing Head. 

It should be remembered that the makers of these dividing heads 
are ready at all times to assist users of the dividing heads in solving 
special problems which may arise from time to time. 

It will be noted on page 455 that the Kearney & Trecker Cor- 
poration keeps a master reference book which contains 40,000 leads 
and ^that this information is available to all users of their dividing 
heads at all times. ® 

The brief descriptions and instructions given here will, if care- 
fully studied, be sufficient to enable the milling-machine operator 
to handle alriiost any lead problem that may come up in the aver- 
age shop. 


OTHER DIVIDING HEADS 


4 SS 


OTHER DIVIDING HEADS 

Kearney and Trecker supply either the conventional 40/1 ratio 
or a special hypoid head with a 5/1 ratio which gives 40,000 different 
leads from 0.0219 to 2.918.4 inches. All 40,000 leads are kept in 
a master book at the plant for reference but the instruction book 
contains 2,258 leads in an approximately geometric progression. 
It is also furnished for metric screws and gives change gears for 
thread milling. The hypoid head is shown in Figs. 27 and 28. 

Kearney and Trecker also make an astronomical attachment for 
their dividing head by which the circle is divided into 1,296,000 



Fig. 28. — Kearney and 
Trecker Hypoid Dividing Head. 


parts, or into seconds of arc. One second is equal to 0.000024 iuch 
on the periphery of a lo-inch diameter circle, which is the maximum 
theoretical inacpracy possible. In practice, however, it is not 
possible to obtain anywhere near this accuracy, but the heads are 
guaranteed to within one minute to arc. This attachment can be 
used with the dividing-head spindle set anywhere between 5 degrees 
below horizontal to 5 degrees beyond the vertical. It can also be 
used for milling helices. The formula and its application fllow: 

Indexing with the Astronomical Dividing Attachment 


Formula.— 

1,296,000 „ Cl . r, 

—^-S + R 


or 


(5 -f i) - (AT - R)* 


1 

60 


If + 5'. 


* When i2 is more than it is preferable to add one one second to the 
Remanider than becoming negative and numerically equal to iV — 
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65 = -^ + ^- 

D = number of holes on degree plate taken at each indexinff 
M = number of holes on minutes plate taken at each indeMiff 
5 = number of holes on seconds plate taken at each indeSa®' 
R — remmnder or total compensation in seconds. 

A = number of diidsions or indexings required, 
o — total seconds in each division, 
if ~ total minutes in each division. 

Example: 1 19 Divisions. — 

1,296,000 n r. , 

1 19 io>89o5 + goR or 10,8916' - 2gR. 

I St 

- J^co'SatiL”^ ^ degrees I minute 31 seconds, 

_ The compenption is most accurately accomplished in the follow- 
ing_maimer; At Ae first indexing at the second, 

R 4. (-jYir) or -AV; at the third, R = at the 

fourth, E =-Hf: at the fifth, R = -Jff. Here Fii greater 

the seconds plate and R becomes 
+1.“^ Normal indexing is resumed, and at 

f -T%; the’ seventh 

T eighth, R = at the ninli, E = 44#. Here 

^’riSon so one hole is dropped as at the fifth 

This procedure is carried on through the 119 divisions dropping 
holes at the fifth, mnth, thirteenth, seventeenth, twenty-first 

twenty-fifth, etc., and R at the 119th division = — ll-l- this 
automatically is a check. Compensating in this manner Suits in 
the most accurate setting for each division or indexing. 

METAL-CUTTING SAWS 

Teeth for metal-cutting saws are made in different ways as 
shown m Fig. 29. Beveling circular saw teeth and offsetting band- 
and hack-saw teeth reduces friction. The feed that can be used 
^pends on the. hardness of the metal and the size of the piece. 
Harcl, close-grained material requires more power and dulls saws^ 
sooner than soft materials. Soft or stringy stock requires more 
clearance and hooked teeth. Saws should be kept sharp and should 
have no high teeth as these dull quickly and the other teeth do 
mtle work. Data from such well-known sawmakers as Atkins 
Disston, and Simonds as shown in Tables ii and 12. 


Table ioc. — Cutting Racks on Cincinnati Milling Machines 

(Using the Table Feed Screw for Making Division) 
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Re0ulc!ir 


Bevel ieof ! 
nghf 


Bevelled nghlsiofe 
leftside 


Alf ernoi+e Sjde Bevel 


Bevelled u y „ — )*- ocfv'cy/c'cf 

rvgr/,^ s/ofes 

Slmonols Toofh 
Fig. 29.—-Metal Saw Teeth 

Table ii. — Number of Teeth in Saws Recommended foe 
Various Materials (Atkins) 
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ISO 
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108 

94 


160 
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1 14 

100 


130 112 IQO 

144 124 112 
138 138 122 

172 ISO 134 

186 162 144 
200 176 136 
214 188 168 
230 200 178 
244 212 190 
258 226 200 


100 86 76 

108 94 8a 

118 100 88 

124 108 94 

134 112 100 
142 122 106 
150 130 II4 


Cutting Speeds eor Cold Saw Cuttjng-oee Machines 
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HACK SAWS 


The experience , of the Atkins company has led to adoption of the 
saw tooth shown in Fig. 30* This allows a slower speed and coarser 
feed than finer teeth, and cuts stock more easily and quickly. 

Newton (Consolidated) Works recommend a high speed and light 
feed for steel low in carbon and manganese to keep the chip thin as 
possible. Up to 35-point carbon, use 60 to 65 feet per minute for 
sohd blades; from 35- to 50-point carbon, 55 to 60 feet per minute 
and less feed. Above 50-point carbon, use inserted tooth saws. 
With inserted tooth saws speeds can be from 50 to 80 feet per 
minute on 50- to 70-point carbon, but only on heavy, rigid machines. 


f.tt f^/Space 




, ft 


Section cf Cut 

Fig, 30. — Atkins Tooth 


SawDIam, Thickness 
S/,/ 


For cutting sprues in steel foundries a solid-tooth saw with a 
speed of 55 feet per minute and a feed of i to f inch per minute is 
recommended. 

The work should be flooded at all times with any good cutting 
compound which does not rust. ^ 

Hack Saws (Starret) 

Hack saws for use in hand frames vary from 6 to 12 inches in 
length and from 18 to 32 teeth per inch in most cases. They 
are usually or i inch wide and 0.025 inch tliick. Saws for use 
in power machines are made from 10 to 24 inches long and with 
from 8 to 24 teeth per inch. They are from f to 1 inch wide 
and from 0.030 to 0,065 inch thick. Some have stiff backs, while 
others are made flexible. 

For general use in hand frames, makers recommend 18 teeth per 
inch. For tubing and thin metals, 24 to 32 teeth per inch. Saws 
for use in power machines vary in the same way and with the 
speed and size of the machine. 

Power-machine saws should run about 50 strokes per nainute 
dry or from 65 to 100 strokes with compound. Too much weight 
dulls a new saw quickly. Use fine saws for pipes, tub^, thin 
metal, brass, copper, or very hard steel. 

Saw length usually means distance between holes. 
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HACK-SAW BLADES 


I I 

I rt-S .s 

3 ™ I® ^ 

•I « s 

^ '“13 g 

" SS-g o, 

s JS “ 

i »i s 

g 

1 Is s 

s ga ^ 

4JH43 o “ 

w 0 

I 

i^l||l 

a4^|ftgxi 
h ^ tip o 9 

'o is 5S 3 S 

Sl^g-Ste 
g w1 -“I 

.§.23 1 g>oo 8 

W rt’o*,Sj5.S 
d «3 o d'gx! 
OWE-iEh h 


d cq N 
J-, t- s 
« o S'g’ti 0) 0 
TJ > > S 2 2 
go © s s g 0 

d hoboMbaS S 

a e p fl»Qja4 


^Ss« u I 
o p p o S I* S 

S'r> w » J 


sif § § § ais g g 

B 0’i’g^ 23 " S W M M 23 23'“'° M 


ol Ji <4 p!) ot 


'd’w M W’S'StpTjrrtTrt-M.S S © 0 0 ’S StJ'O g 
ih f4 wj vx aj Qj a p p ” “'d’o’o’o'S'O 5 
'^OOOOpjqddd^^’^ppCjgw®^®^ , 

■all's 8l’ll1l|lf«« NS.S m 

'OTO'd'd ” S p q o o+^ d o o w 

,2P3!=iP3p3 9 SPhSP;P ^ 9 33 “ ” ”’rjl3 0 0 d 

W g g O g g g g^^ S tflbflbc^ “.S'.S's 

Issasllsaai's'l'lll s-s a n| 
.3c3(3(S(3(3dc3cScScg3g(g55s^|£| 

sffsf&a?isa 2^^sg?«&s'?-s 

M H w M 2 i i 4o i M ciq !> 4 4 ilq 4 


ssfs g ftHtlllHIIIIIIIflsI 

o o o o o o d 6 6 6 6 6 66666666 6 6 6 6 d d 


^ g Sh'h n w 2 2 2 S 2 M 2 2 ^ 

M M M Hi M H M M M M M H H M M M 

g QQPPflOQOQQOOPeqwpqQOWfflfq ^ 

h Hand laAio^ 

lia™saw^wor:b^^^^ blade for practically all 




Hack- AND Band-saw Blades eoe Vasious Matebials (Atkins) 






SIZES OF SGREW-SLOTTING CUTTERS 


milling-machine feeds and speeds 
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Table 14. — Circular Saws eor Cutting Brass, Copper, 
Aluminum, AND Other Soet-Metal Sheets 
Simonds Saw and Steel Company’s circular saws for cutting brass, 
copper, aluminum, and other soft metals in sheet form and for 
tubing and light cuts are made of carbon steel and ground concave 
on the sides for clearance and tempered to be sharpened with a file. 
These saws are also flat ground with teeth set and filed. 


Diameter of Saw, 
in Inches 


Thickness 


Holes, in 
Inches 

Teeth 
per Saw 

Teeth 
per Inch 

4 

•is 





and larger 

100 

120 

8 

10 

S 

is 

is 

A 



I and larger 

130 

ISO 

190 

8 

10 

12 

6 

is 

is 

\ 

fir 



1 and larger 

70 

110 

ISO 

190 

i 

8 

10 

8 

is 

is 

• fir 1 



1 and larger 

100 

ISO 

200 

4 

6 

8 

10 


is 

•' * 

is 

is 

I and larger 

130 

190 

250 

8 

12 




is 

is 

I and larger 

ISO 









220 

6 


Note. — Speeds for above saws are figured on a rim speed of 2,500 feet 

g er minute. On extremely light work this speed can be slightly increased, 
>n heavier cuts the speed should be reduced. 


Saws for Brass or Copper 

These are usually 10 inches or less in diameter and run from 200 
to 1,200 revolutions per minute, varying with the composition being 
cut. A fine stream of lard oil makes a good cutting compound for 
this type of saw, but when quick light cuts are being made, a cake 
of beeswax or soap pushed on to the saw occasionally, reduces 
friction while cutting and makes the part cut off much cleaner to 
handle. Some of these saws are hard and ground concave. Others 
are ground flat and are of a low-enough temper to permit being set 
and filed. 

, Saws for Alttminum 

These have radial teeth set and filed. Saws for aluminum have 
the cutting edge of tool radial. They are soft enough to be set and 
filed. . 

Saws for Celltjloid 

These saws are about 12 inches in diameter, of thin gage, and 
have very fine pitch to center teeth. 

Saws for Electrotypes 

These saws come in sizes $ to 10 inches in diameter; teeth are set 
and filed or swaged, or saws are concave ground. Teeth are made 
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about I inch space and pitched to the center. These saws are made 
for cutting both the electrotype metal and the wood mount. 

Saws for Hard Rubber 

These saws are concave ground and have a regular pitch to center, 
backed off metal saw tooth. About i inch pitch. 

Inserted-Tooth Metal Saws 

Inserted-tooth metal saws with high-speed steel teeth are adapted 
for use in shops where heavy material is to be cut. Thin stock can 
be cut by nesting or cutting two or more pieces at a time. Simonds 
Saw and Steel Company states that no matter what the sbe of the 
inserted-tooth metal saw, the rim speed should not exceed 40 feet 
per minute. They say in regard to the feed: 

‘^The amount of feed depends largely on the degree of hardness 
of the stock. The harder the stock the greater the strain on the 
saw and on the machine and the harder and finer the grain of the 
stock the more power it takes to drive the saw through it and 
the more quickly the saw will become dull. If the stock is very 
soft, tough, or stringy, the clearance must be perfect and a con- 
siderable amount of hook must be maintained and the chips broken 
up, or the material will cling to the face of the tooth and cause the 
saw to run hard or stick in the cut. 


Table 15.— Simonds No. 000 Inserted-Tooth Metal Saw 


Diam- 
eter, in 
Inches 

Thick- 
ness of 
Plate 
Inches 

j Kerf 
Inches 

No. of 
Teeth 

Diam- 
eter, in 
Inches 

Thick- 
ness of 
Plate 
Inches 

Kerf 

Inches 

No. of 
Teeth 

10 

❖ 

i 

32 

30 

i 

A 

94 

12 


i 

44 

30 

A 

f 

94 

14 


i 

52 

30 

1 

If or A 

94 

16 

A 


60 

32 

i 

A 

100 

18 

☆ 

i 

60 

32 

A 

1 

100 

20 

. 160 

A 

62 

32 


If or A 

100 

20 

'is 

i 

62 

34 

. i 

A 

106 

20 

i 

A 

62 

34 

A 

1 

106 

20 

■is 

-I 

62 

34 

t 

If or A 

106 

21 

\ . 160 


66 

36 

! . i 

A 

I 114 

22 

. 160 

' A 

70 

36 

A 

1 

1 II4 

22 

is 

1 

70 

36 


H or A 

II4 

22 


A 

70 

37 

i 

A 

1 16 

22 

■A" 

f 

70 

38 

i A 

I 

120 

24 

.160 

A 

76 

38 

i 

If or A 

120 

24 


i 

76 

40 

A 

I 

126 

24 ^ 

i 

A 

76 

40 

i 

If or A 

126 

24 

A 

I 

76 

42 

A 

I 

132 

26 

A 

i 

82 

42 

1 

If or A 

132 

26 


A 

82 

44 

A 

I 

138 

26 

A ■ 

1 

82 

44 

I 

If or A 

■ 138 

26 

1 

or A 

82 

46 

A 

f 

144 

28 

A 


88 

46 


If or A 

144 

28 

i 


88 

48 

A- ■ 

1 

ISO 

28 

■ A. 

'■IS ■ ii 

88 

48 

f 1 

H or A 

ISO 

28 

■'■■■■ i . 

If or A 

88 

SO 

A 

1 

IS8 

Z 9 

,, A' " ■ ' 


92 

SO 

i 

If o r A 

1 S 8 


- 1 iiBiiiirnfii iiiiiilfiiiitiMfciiMB 


H: 
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‘'We advise running a saw for the first cut of two or three inches 
after it has been sharpened or when it is put on new, at about one- 
half the feed to be maintained. This allows the burr thrown up 
in the sharpening to smooth off and lessens the liability of breakage 
which possibly might be caused by a tooth left a little high.” 

Discs for Cuttmg Metals 

Discs (circular plates without teeth) are used for cutting cold 
iron or steel. Henry Disston and Sons, Inc., says these discs are 
run at a high rate of speed, about 24,000 feet per minute rim 
motion, and cut by friction. In size they vary from 14 inches, 10 
gage, to 50 inches diameter 3 gage or inch thick. They are used 
in foundries, forge shops, ana metalworking plants to cut such work 
as rails, beams, bar stock, etc. 

These friction discs, as they are called, eat their way through 
the metal by a process of fusing or melting the stock. The great 
speed at which they run creates intense heat which melts away the 
stock in front of the disc edge. Disston states that a disc was used 
in Sheffield running at 86,000 feet per minute rim speed for cutting 
6-inch armor plate. Owing to the creation of such a volume of 
heat, it was necessary to play a heavy stream of water on the disc 
continuously to prevent it from fusing with the stock that is being cut. 

For cutting hot iron and steel at high speed, solid- tooth circular 
saws (sometimes known as “hot” saws), are used. These range in 
size from 14 inches diameter 10 gage (or | inch thick) to 50 inches 
diameter 3 gage (or inch thick). The teeth vary from f to I inch 

S -i spacing. Hot saws are run at slightly 

0 LI lt>wer speeds than friction discs, about 

I ' n 20,000 feet rim motion, according to 

‘iif -4 Disston. 

“1 W Use of Band and Hack Saws 

Lit The use of band saws for cutting metals 
I J and other materials used in machine build- 

^ ing and similar industries is increasing. As 

—1 ““ with other tools it is necessary to select the 

Li L proper saw for the work to be done and to 

n n run it at the correct speed. The folio wing 

S r R rG ^^t>le gives the latest suggestions of Henry 
U Li Disston and Sons, Inc. This table gives 

Pj-q 5 j xhree “Sets” number of teeth per inch and the cut- 

* in' Saw Teeth speed in feet per minute. In every 

case the temper and set recommended by 

the maker should be followed for best results. As these designations 
are arbitrary, it is best to consult the maker concerning these points 
for the work to be done. See Fig. 31. 

The teeth are punched. Spring-tempered metal-cutting band 
saws are recommended for cutting the softer materials in thin gages, 
and they can be resharpened. 

The “set” of the teeth is important. Straight set, that is, S set, 
has one tooth set to the right and the next to the left as shown in 
Fig. 31, The raker set, that is, the R set, has one tooth straight 
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(the straight tootli is the raker tooth to act as a cleaner and a chip 
breaker) , one tooth to the left, next tooth to the right. The group 
set G set has one set of waves to the right and the next set to the left 
to give the smallest possible tooth spacing. 

The gage of a saw depends upon the diameter of the wheel, 
because the diameter determines the radius of the bend the saw 
must make during each revolution. 


Size of Wheel, Inches 

Gage of Saw, Stubbs 

Widths, in Inches 

12 

25-0.020" 

f to ^ 

■ ■ 'IS ■ 

23) 

I to 1 


23 >0.025" 

i to 1 

■ 20 ■ 1 

23; 

I to 1 

24 ■ ! 

2l\ 1 

1 to 1 to J 

■ 30 ^ ■! 

21 >0.032 

i to f to 1 

36 

21/ 

1 to I to J 

36 

20-0.035" , 

I 


There are two factors which determine the width of a metal- 
cutting band saw: 

1. The greater the feed, the wider and heavier must he the saw 
to stand it. It is impractical to pve a table of widths and feeds 
because of the wide range of operating conditions and the long list of 
materials to be cut. 

2. The smaller the radius of the curvature to be cut, the narrower 
the saw must be. 


Width of Band Minimum Radius 

Saw, in Inches That Can Be Cut, in Inches 


i 

i ■ 

f 



2i 

1 

3 

1 

4-i 

1 

8 

Saws must be tensioned over the wheels and each machine has a 

tension adjustment. The following table 
pounds for the different width blades: 

gives the tension in 

Width of Blade, Tension or Strain. 

' ■ ' IN Inches 

IN Pounds 

i 

55 

f 

100 

i 

160 

1 

200 

I 

240 

I 

320 


To obtain full cutting efficiency of a band saw blade, careful 
attention should be given to proper adjustment of the guide rolls as 
In Fig. 32. 
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Cutting compound is not usually considered necessary except for 
cold-rolled, machinery, nickel, and 
structural steels. This includes the 
use of band saws for cutting out dies 
in the toolroom and similar uses where 
they save time in many cases. 



Band Saws 

Band saws should be removed from 
the machine or have the tension 
released when not in use. Thds is 
very important during the winter 
of months when there are extreme 
changes in temperature. The tables 
give suggestions as to saws and speeds. 

Table i 6. —Recommended Specipications por Cutting Specipic 
Materials with Disston Metal- Cutting Band Saws 


Fig. 32. — Adjustment 
Band-Saw Guide 


Material 

Number 
of Teeth 
per Inch* 

Set 

Speed of Blade, 
in Feet 
per Minute* 

Aluminum alloy (pistons, moulding). 
Aluminum sheets. 

12 to 14 

8 to 10 

R 

S 

100 to ISO 
1,000 to 3,000 

150 to 200 
1,000 to i,soo 
800 to 1,000 

700 to 1,500 
200 to soo 
700 to i,soo 
150 to 350 
300 to 800 

100 to ISO 
100 to ISO 
ISO to 200 
soo to 1,000 
80 to ISO 
300 to soo 

90 to 12s 
soo to 1,000 
100 to ISO 
100 to 2 S 0 
100 to ISO 
ISO to 200 
1,000 to 2,000 

Asbestos sheets (thin gages, trans- 
ite, asbestos board, etc.). ........ 

8 to 12 

S 


10 to 14 

8 to 10 

R 

Bakelite 

S 

Brass cast, soft (screw stock, red- 
yellow brass, etc.). 

10 to 14 
10 to 14 

14 

10 to 14 
10 to 14 
12 to 14 
12 to 14 
10 to 12 

s 

Brass cast. hard. 

R 

Brass sheets and tubing. 

S or G 


R 



Carbon tool steel 

R 

Cast iron 

R 

Cold-rolled steel 

R 


8 to 12 

S 


14 

8 to 10 

R 

Fiber. 

S 

High-speed steel 

12 to 14 
18 to 22 

R 

Hose- — metallic. ................... 

G 

Iron bars 

12 to 14 

R 

Iron sheets. 

14 to 18 
10 to 14 
12 to 14 
14 

10 to 12 

R 

Machinery steel 

R 

Malleable iron 

R 

Metal wood . , 

R 

Mica . 

S 

300 to 600 

I2S to 200 

100 to 200 

Monel metal. . 

10 to 12 

R 

Pipe 

14 to 18 
10 to 14 
10 to 14 
10 to 14 
14 to 18 

R or S 

Rubber — ^hard. 

S 

ISO to 200 

100 to 150 

90 to 150 
roo to ISO 

Slate. . 

S 

Structural steel. ... ................ 

R or G 

Tubing — ^steel. . . . , ... .... .... . . . 

R or G 



* Generally speaking, the greater the number of teeth, the lower the speed, 
and vice versa. Operating conditions vary too widely to make all these 
recommendations without variations. Actual operating experience on 
specific machines gives the only correct answer. 
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The most commonly used blade for general hand hack-saw work 
has 18 teeth per inch. Blades with 24 and 32 teeth are used for 
tubing, sheet metal, and all thin- walled stock, and drill rod. 

Machine speeds can be from 60 to 100 strokes per minute, depend- 
ing on the blade and the work. Hand blades should not be run 
‘ faster than 40 to 60 strokes per minute. There should be plenty of 
pressure on the cutting stroke and the blade lifted slightly on the 

j return. Blade breakage is attributed to the following causes: 

1 ■ 

Excessive feed pressure, especially on light or soft stock. 

Selection of too coarse a tooth for light stock. Tooth breakage is largely- 
followed by body breakage. 

Overstrain or overtensioning of the blade in the frame. 

j Ends pull out or body breaks. 

Failure to relieve tension on blade when not in use. Blade will often 
snap when standing idle. 

! Too little tension, blade buckles and breaks. 

‘ Machine may be out of line, causing blade to run in or out, eventually 

breaking it. 

I Selection of too light a gage in the blade for the machine in which it is used. 

I Holding Work for Cutting-Off Saws 

j Work to be cut with saws should be held firmly to avoid breakage 
©f saws. Figure 33 shows several methods of holding work to be 

.| cut. 



Rddicil Fix+ure Rails 

Fio. 33 .—Holding Work for Sawing 
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GEINDmG MILLING CUTTERS 

The following illustrations and tables show the re< 
of the Cincinnati Milling MacMne Company in t 


Fig. 34. — Helical Milling Cutter 


ChINOWITH 
FLAT OF WMCCU 


Fig. 35.— Straight-Tooth Cutter 

^ling cutters of various types. These cover the cutters most in 

inclusive, show the methods 

and angles that have proved satisfactory in practice. 


These mettiods have been worked ont after much experimenting 
and can be easily used on modern cutter-grinding machines. 
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bounded cobner 


Fig. 38.— SheU End MiU 


or^/fcfera/f- 

^ ^ /CiGorcinc s 

i Secondary 
I) ; ^ • Clearance 


Table 17. — Clearance Angles eor Milling Cutters 


High carbon steel and tool 

steel. 

Steel castings 

Cast iron 


Soft bronze (60 Brinell or 

less). . 

Medium bronze (60 to 90 

Brinell). ... 

Hard bronze (above 90 


Copper. 


Clearance 
Angle A, 
Degrees 

Clearance 
Angle B, 
Degrees 

Rake 
Angle C, 
Degrees 

Sto 7 

30 

15 

4 to 5 

30 

10 

6 to 7 

30 

15 

3 to 6 

30 

10 

10 to 12 

30 

10 

10 to 15 

; 30 

10 

6 to 7 

30 

10 

4 to 5 

30 i 

10 

12 to 17 

30 

10 

10 to 12 

30 

IC 


^ a- 
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The table showing clearance angles for cutters for difterent 
materials on page 476 will be found of great value in securing mas:i- 
mum results from cutters. Table 18 is especially for helical cutters. 


Cuff&p 



Table 18. — Angle eor Setting Wheel to Obtain Clearance 
Angle OE 3 to 10® on Helical Cutters 


Helix 



Clearance Angle Desired 



Angle A 

3 ® 

4 ® 

5® ! 

6® 

7 ®' 

8° 

9 ® 

10° 

30 ° 


2 

2 J 

3 ' 

3i 

4 

4i 

S 

35 

li 

2i 

3 

3i 

4^ 

4i 

si 

sf 

40 ° 

2 

2i 

3i 

4 

4i 

si 

si 

6i 

45'* 

2 \ 

2i 

3i 

4i 

5, 

sf 

61 

7i 

so'’ 

2 \ 

3 . 

si 

4i 

si 

6i 

7 

7i 

55® 

2i ; 

si 


5 

si 

61 

7i 

8i 

60 ® 

2i 

si 

4i 

si 

6 

7 

7i 

8| 

6S® 

2f 

si 

4 I 

si 

fii 

7i 

8i 

9 

70 ° 

2f 

si 

4i ! 

5i 

6i 

7i 

8i 

9i 

75® 

3 

si 

4i i 

5l 

6| 

7i 

8f 

9i 


The proper sharpening of the periphery teeth of staggered-tooth 
cutters involves three definite steps, as follows: 

1. Mount the cutter on an arbor between centers, and cylindrically grind 
teeth until all cutting edges are clean and sharp. 

2 . Mount cutter and arbor in the sharpening machine. The guide 
finger is mounted in a fixed position with relation to the grinding wheel. 
This guide finger must be beveled on the end to an angle that will closely 
match the spiral angle of one set of cutter teeth. It should project suffi- 
ciently beyond the grinding wheel so that the tooth to be sharpened rests on 
the finger before the wheel strikes^ the work. (Note the relative pdsition 
of guide finger and grinding wheel in right-hand view, Pig. 39.) 

The grinding wheel should be tilted slightly in relation to the axis of the 
cutter as shown in the upper left-hand view of Fig. 39. This is necessary in 
order to avoid striking other teeth than the one being sharpened and also 
provides cutting clearance for the wheel. 

With everything in position the clearance is ground on all teeth having the 
same helix angle. The first cut should leave a very narrow (hairline) 
cylindrical land, The second and finishing cut then is very light and just 
enough to bring the teeth to a sharp edge. 

3. After one set of teeth have been sharpened, another guide fi.nger, 
beveled at the opposite angle, is substituted. This bevel conforms to th« 
helix angle of the other set of teeth. 

Sharpening is then carried on exactly as for the first set of teeth. 
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The circular gnxiding, mentioned before, is done for 
serving as a guide for grinding all teefh +bp purpose of 

descries? out brings 0^4 shLp%fe 


Gang otr hot 


f/e//x f'fnger I h 
ts sf cff Zonary^ r 


^ for \ 
dearance\ 

Cup whee!-^ 


* ^ 

Fig. 39. — Grinding Staggered-Teeth Mills. 

cutters are made with a narrow flat land on the 
side teeth so as to maintain their width over a long period Sharn 
, ening of side teeth is, therefore, seldom necessary 

When sharpening cutters, the grinding wheel should alwavc 

toi a. Ss .4 

foimri® staggered-tootli cutters presents problems not 

found in ^e sharpening of the ordinary types of profile millinir 
cutters. The National Twist Drill & Tool Co. says that Ficr^of 
cutterr^* established practice as appHed to the sharpening of these 

CUTTING EDGES 

IMPORTANCE OF PROPER GRINDING OF CARBIDE 
CUTTERS 

of carbide cutters in brilHn. agree 
■Wide^variatmim°fn*^^ft?*^Tf’® Proper angles is most important. 
insD^tion “1 *■ from lack of proper care and 

grerCSiucette 


GRINDING carbide CUTTERS 
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Wlieels.--”Cincinnati^^^ M Co. recommends the 

following diamond wheels, permanently mounted on wheel collets. 
Indicators should be used in checking runout of the face of cup 
wheels and the periphery of straight wheels. As the holes in wheels 
are 0.005 inch oversize, they can be adjusted to correct runout, 
which should not exceed 0.00025 inch. Vitrified bonded wheels 
may replace the present resinoid wheels. Preferred wheels are 

1. Roughing Wheels for Circle Grindings: 6 inch diameter X iinch 
wide, 100 grit, resinoid bond, 100 concentration, No. loo-B-ioo 

2. Roughing Flaring Cup Wheel: 10 degree tapered inside rim, 
3 J inch diameter, 100 grit, resinoid bond, 100 concentration, 
No. loo-B-ioo J. 

3. Semifinish Flaring Cup Wheel: 10 degree tapered inside run, 
3I inch diameter, 180 grit, resinoid bond, 100 concentration, 
No. loo-B-ioo — 

4. Semi finish flaring Cup Wheel: 10 degree tapered inside rim, 
31 inch diameter, 220 grit, resinoid bond, 100 concentration, No. 
loo-B-ioo — 


5. Finish Flaring Cup Wheel: 10 degree tapered inside rim, 3^ inch 
diameter, 400 grit, resinoid bond, 100 concentration, No. 4oO"B-ioo 

— ■ ■ 

Accessories . — K double-ended diamond hand hone, 400 grit on 
one end, 500 grit on the other, resinoid bond, 100 concentration, 
inch diamond depth. 

A diamond wheel dressing stick for 100 grit wheels. Pumice 
stone for dressing finishing wheels. 

An 18 power watchmaker’s magnifying glass. 

A 40 to 50 power microscope with scale in eyepiece. 

Use kerosene for cutting fluid in finishing operations. 


Grinding Carbide Cutters : 

Diamond wheels should be used exclusively^ for grinding carbide tips. 

Use 100 grit straight wheels for circle grinding. 

Use 100 grit cup wheels for general roughing where more than 0.002 inch of 
stock is to be removed. 

Use 180 grit cup wheel for finishing face of tooth; also for semifinishing 
clearance lands and for grinding seconda:^ clearance. 

Use 400 grit cup wheel for finishing primary clearance lands. 

Do not grind into body of cutter with diamond wheels as they will load up 
immediately. Carbide tip should project 0.040 to 0.060 inch beyond cutter 
body in original braze. Grinding wheel clearance should be provided in body 
of cutter for grinding face of tooth. 

Diamond wheels should run from 5,000 to 5,500 feet per minute. 

Roughing cuts should not remove more than 0.0004 inch per pass of wheel ; 
semifinishing no more than 0.0002 inch and in finishing, 0.000 1 5 inch. 

The tip can be fed past the wheel at about so inches per minute in roughing 
and from 10 to 20 inches per minute in finishing. 

Rotation of the grinding wheel must be toward the cutting edge. 

In circle grinding use soluble oil in 100 to i mixture. Kerosene used in 
semifinishing and finishing will keep the wheel clean and free cutting. Wipe 
the wheel clean with a rag soaked in kerosene. Should the wheel load up, it 
can be opened up with pumice stone or with a dressing stick made specially 
for diamond wheels. Use the pumice stone on finishing wheels. Dress 
wheels as little as possible. Roughing wheels tend to bum and finishing 
wheels to load upi ^ 

The cutter grinder should use the 18 power watchmakers glass to examine 
the carbide before grinding and during the sharpening operations. All cracks 
and flaws should be ground away in the roughing operation. All crater and 
abrasion marks must be ground away to secure maximum cutter life. 
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Indicate all the teeth for runout, after grinding.^ Clearance and body 
interference should also be carefully checked, especially in small diameter 
and for radius cutters, . 

Face and clearance lands should be carefully honed by hand after diamond 
grinding. The surface finish on a carefully ground and honed tooth should 
be between one and five micro-inches. 

Before releasing the cutter to the shop inspect it carefully with the 40 to 
so microscope in a well-illuminated place. 

In grinding, the cutter should be held in the same way as when it is in the 
milling machine. Shell end mills should be ground on their arbor. 

Experience shows that when properly used, carbide cutters can be recon- 
ditioned by removing from 0.002 to 0.003 inch from tooth face and from 
0.003 to 0.00s inch from the clearance lands. If more stock has to be 
removed the cutter has been used too long or the cutting conditions were not 
correct. 

Primary Clearance Angles Recommended by the Cincinnati 
Milling Machine Company 
(Based on optimum results of research to June 27, 1944) 


Type of Cutter 


Primary Clearance Angles, in Degrees 
Periphery j Comer 1 Face 


Steel I C. 1. 1 Al. Steel [ C. I. I Al. Steel I C. I. 1 Al. 


Face or side 

. ... 3 to 4 

S 

10 

3 to 4 

S 

10 

2 to 3 4 to 5 

10 

Slotting. 

.... 4 to s 

s 

TO 

4 tos 

■ s 

10 

2 s 

10 

Saw. 

4 to 5 

s 

10 

4 to 5 

s 

10 

2 S 

i 10 


Maximum usable length of primary clearance land on periphery 
and corner is a function of the cutter diameter, clearance angle, and 
feed per tooth. A ^-inch land is suitable for general work with 
cutters 3 to 8 inches in diameter. 

Secondary clearance angle on periphery and corner may be from 
3 to s degrees more than the primary clearance. 

Length of primary clearance land on face of cutter: in most cases 
the primary clearance may extend over the entire cutter tooth. 

Concavity or Face Relief, on Face of Cutter 

a b c 


A 



Concaviiy 
For long tool life 




For good work finish For fine work finish 
where chatter occurs 


Condition 

Concavity Angle | 

Fig. No. 

For long tool life. 

For good work finish. . . . ... ...... 

For fine work finish. 

For fine work finish where chatter 
is encountered. 

ij to 2 degrees 

1 to 1 degrees 

0 land, ^ to J long 

1 X A: plus 0 degree 
land A' to i inch long 

B 

B 
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GRINDING, HONING, AND LAPPING 

GRINDING, PROCESSES, AND EQUIPMENT 

Although grinding is usually considered a finishing operation, it 
is often employed as a complete machining process on work, which 
can be ground down from rough condition without being turned or 
otherwise machined. Thus, many t3rpes of forgings and other parts 
are finished completely with the grinding wheel at appreciable 
saving of time and expense. Conditions that would control this 
I practice would be the total amount of stock to be removed, the 
I general shape of the piece, the tj^es of machines available, etc, 

I Classes of grinding machines, in general, include the following: 

i Cylindrical, Internal, Centerless Grinders. — These are for straight cylindri- 

' cal or taper external or internal work; thus, spindles, shafts, and similar parts 
are ground on cylindrical machines either of the common-center type or the 
centerless machine. Centerless grinding consists of passing the work between 
a regulating wheel and the grinding wheel without mounting on centers. 
Long shafts or other cylindrical parts are handled by passing longitudinally 
through the machine. Other pieces are finished by feeding directly against 
the wheel without end movement. This is called “plunge-cut grinding.” 

Internal Grinders. — These are for cylinder bores and similar operations 
where bores of all kinds are to be finished. 

Surface Grinders. — These are for finishing all kinds of flat work or work 
with plane surfaces which may be operated upon either by the edge of a 
wheel or by the face of a grinding wheel. These machines may have recipro- 
cating or rotating tables. Disc grinders also act upon the flat surfaces of 
the work piece; also belt grinders with fiat abrasive belts are used for much 
flat work of suitable form and dimensions. 

Various specialized types of machines are built for different classes of 
work such as crankshaft grinders (for cylindrical surfaces), precision bench 
grinders for tool work; chucldiig and hole grinders for finishing fiat faces and 
the bore of a piece held in a chuck. 

Roll Grinders, — ^These are another design of heavy machine for special 
operations in finishing mill rolls of large proportions. 

Cutter and Tool Grinders. — These grinders are for general upkeep and 
handling of milling cutters, reamers, and similar tools; they are for both 
: sizing and maintenance purposes. Other machines include drill grinders, 

; lathe and planer tool grinders, and others. 

I The sketches and table, Fig. i, refer to commercial grinding on 
cylindrical and allied work where average conditions of production 
i finish, volume of work, and other factors obtain. Rates of opera- 
I tion quoted may be exceeded in high-production plants. 

j Data on Wheels 


Whatever the form of machine considered, all use abrasive wheels 
in some type or other. The selection of such wheels is all-imporr 
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tent. Slight variation in grain or grade of a wheel may affect te? 
c^racter of the work to a remarkable extent. Date pmainiM to 
abrasives and wheels are of first importance in dealing with the fnk 
ject of grinding. ^ 
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Fig. I. — Examples of Gommercial Grinding 

THE COMMERCIAL ABRASIVES 

Emery, corundum, Carborundum, Crystolon, Alundum, and 
Aioxite are the ordinary commercial abrasive materials. They 
vary m hardness, though it does not follow that the hardest grit is 
the best for cutting purposes; the shape and form of fracture of 
the particles must also be taken into consideration. We may 
imagine a wheel made up from diamonds, the hardest substance in 
nature, whose individual kernels were of spherical form; it is quite 
obvious that it would be of little service as a cutting agent; on the 
other hand, if these kernels were crystalline or conchoidal in form 
it would probably be the ideal grinding wheel. 

. Emery is a form of corundum found with a variable percentage of 
impurity; it is of a tough consistency and breaks with a conchoidal 
fracture. 

Corundum is an oxide of aluminum of a somewhat variable 
punty, according to the neighborhood in which it is mined; its 
fracture is conchoidal and generally crystalline. 

C^borundum and Crystolon abrasives are of silicide of carbon 
which IS a product of the electric furnace; it breaks with a sharp 
crystalline fracture. 
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Alundum and Aloxite are also manufactured products, beinir 
■ fused oxide of aluminum. They are of uniform quality, of about 
per cent purity, breaking with a sharp, conchoidal crystalline frar» 
ture and havmg all the toughness of emery. 

Numerous other trade-mark names have been adopted bv oth^i. 
manufacturers, among them: Carbolite, Carbolon, Carbora 
Carbosohte, Carbowalt, Corex, Dicarbo, Electroion, Gresolite auH 
oterbon. ^ 

Other trade-mark names are numerous and include- Ahra,;* 
Adamite Alowalt, Bathite, Borolon, Calcinite. Carbo-alumtaa’ 
Combm, Corolox,^ Corowalt, Dessus, Diamantite, Durubit Elerl 
trit, Jeddite, Lionite Oxaluma, Rebite, Rex, Rexite, and Sterlith " 

Grit and Bond 

A grinding wheel is made up of the ''grit,” or cutting matenal 
and the bond. The cutting efficiency of a wheel depends largely on 
the grit; the guide of hardness depends principally on the bonding 
material used. The efficiency in grinding a given metal is depend^ 
ent largely upon the "temper,” or resistance to fracture and as 
noted before, upon the character of fracture of the grit or cuttiu^ 
grains of the wheel. ® 

The function of the bond is not only to hold the cutting particles 
of the wheel together and to give the wheel the proper factor of 
safety at the speed it is to be run, but it must also be possible to varv 
Its tensile strength to fit the work it is called upon to do. We often 
hear the operator say that the wheel is too hard or too soft. He 
means that the bond retains the cutting teeth so long that thev 
become dulled, and this wheel is inefficient; or, in the case of a soft 
wheel, the bond has not been strong enough to hold the cutting teeth 
and they are puUed out of the wheel before they have done the work 
expected. 

The bond to be used for a given operation depends on the wheel 
and work speeds, area of wheel in contact with the work, vibration 
m wheel spindle or work, shape and weight of work, and many other 
like variables. Wheels are bonded by what are known as the 
vitrified,^ silicate, shellac (elastic), Bakelite, and rubber processes. 

• bond makes the best wheel for all purposes; each one has 

its field. 

The vitrified bond is made of fused clays, is unchanged by heat 
or cold, and can be made in a greater range of hardness than any 
other bond. It does not completely fill the voids between the 
grains, and, therefore, a wheel bonded in this way having more 
clearance than any other is adaptable for all kinds of grinding 
except where the wheel is not thick enough to withstand side pres- 
sure. This bond has no elasticity. 

^ The silicate bond is composed of clays fluxed by silicate of soda at 
low temperatures. It is not so stable as the vitrified bond as 
regards dampness, gives less clearance between grains, and has a 
range of hardness below that of the vitrified in the harder grades, 
this bond has no elasticity and will not make a safe wheel of 
extreme thmness. 

The shellac bond is composed of shellac and other gums. It 
completely fills the voids of the wheel, has a limited range of grades, 
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has a high tensile strength and elasticity and can be used for the 
making of very thin wheels. The rubber bond has the general 
characteristics of the shellac, but its grades of hardness cannot be 
varied to the same extent, and its uses are limited. 

Bakelite snagging wheels, operating at 9,^00 surface feet per 
minute, are being very successfully used for the high-speed snagging 
of steel and malleable castings and for billet and ingot grinding. 
Bakelite saw-gumming and cutting-off wheels are also finding large 
fields of usefulness. 

Grain and Grade 

Grinding wheels are made in various combinations of coarseness 
and hardness to meet the variety of conditions under which they 
are used. The cutting material is crushed and graded from coarse 
to fine in many sizes designated by number. By No. 20 grain is 
meant a size that will pass through a grading sieve having 20 meshes 
to the linear inch. 

The term “grade’* refers to the degree of hardness of the wheel or 
the resistance of the cutting particles under grinding pressure. A 
wheel from which the cutting particles are easily broken, causing it 
to wear rapidly, is called “ soft,” while one which retains its particles 
long is called “hard.” 

Wheel Markings 

There was formerly standard system of marking grinding wheels 
to show their composition. Each manufacturer used a system of 
his own to describe the five important characteristics. These are 
(i) type of abrasive; (2) size of abrasive grain or degree of coarse- 
ness;^ (3) grade of hardness or strength of bond; (4) structure or 
distribution of abrasive grains; (5) kind of bond. (See pages 
1419 to 1423^1 for new data.) 

1. Type of Abrasive. — This is usually designated by the complete trade 
name of the kind of abrasive used (see The Commercial Abrasives for the 
more important names). This is not always necessary, however, as the 
introduction of the symbol "38,” for instance, indicates the use of Norton 
No. 38 Alundum, and other characteristic symbols are also frequently used. 

2. Size of Abrasive Grain. — The method of indicating the grain size or 
"coarseness" is more nearly universal than that for describing any other 


Grain Sizes (Norton Standards) 


Very Coarse 

Coarse 

Medium 

Fine 

Very Fine 

Flour 
Sizes j 

. ■ '■4' 

12 

30. 

70 

150 

280 

■■■ 6 

14 

36 

80 


320 

8 

16 

46 

90 

220 

400 

■ ' '■ 10 ' ■ 

20 

60 

100 

240 

500 


24 


120 


600 


characteristic of the wheel. This is usually designated by a number indicat- 
ing the approximate number of meshes per linear inch of a screen through 
which the abrasive grains will pass. Thus, the symbol "46" indicates 
that the wheel contains abrasive grains which would pass through a screen. 
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ha-ving 46 meshes per linear inch. The higher numbers indicate finer grain 
size. " 

3. Grade of Hardness or Strength of Bond.—Most manufacturers use a 
letter following the grain symbol to designate the grade of the wheel. Unfor- 
tunately, however, these letters and their relation to each other do not always 
mean the same thing. , In the Carborundum Company's scale of grades, the 
letters at the beginning of the alphabet indicate the hardest grades, and those 
at the end of the alphabet indicate the softest. Norton Company and most 
of the others use the alphabet scale in the reverse order, while a few manu- 
facturers use special code arrangements of the letters. 

For rubber, Bakelite, and shellac bonded wheels the grade is sometimes 
designated by letters, sometimes by numbers. Norton Company formerly 
used numbers but now uses letters to unify the system with that used for 
vitrified and silicate bonded wheels. The Carborundum Company uses 
numbers from I to 8, No. i being the hardest and No. 8 the softest, but many 
others use the number system in the reverse order. 

On page 48s are shown the comparative gradings of the leading grinding- 
wheel manufacturers issued by Carborundum Company. The American 
Emery Wheel Works has a new listing, on page 486, with suggestions as to 
uses. ' " ■ ■ ' 

4. Structure or Grain Spacing. — Norton Coinpany is introducing a symbol 
indicating the structure of the wheel or the distribution of the abrasive grains. 
Numbers are used following the letter which indicates the grade. A, low 
number indicates a dense structure or a wheel with close spacing of grains, 
while a higher number indicates a more open structure or one with wider 
grain spacing. Thus a 46-M3 would be more dense than a 46-M8. 

5. Band of Bond.— This is frequently designated by a complete word 
describing the kind of bond used such as “vitrified,” “silicate,” “shellac,” 
“rubber,” “Bakelite,” etc. Some manufacturers use symbols, numbers, 
or letters to designate these general classes or certain modifications thereof. 

Storage 

Extreme care should be exercised in the storage of wheels. Suit- 
able racks or bins should be provided to accommodate the various 
types of wheels carried in stock. 

Most straight and tapered wheels are best supported on edge in 
racks. 

Thin rubber, shellac, and other organic bonded wheels should be 
laid flat on a plane surface to prevent warpage. . 

Cylinder wheels and large cup wheels should be stacked on the 
flat sides with corrugated paper or other cushioning material 
between them. 

Small cup and other shape wheels and small internal grinding 
wheels may be stored in boxes, bins, or drawers. 

Very large wheels can well be stored in original containers. 

Inspectioii 

Immediately upon receipt, all wheels should be closely inspected 
to^ make sure that they have not been injured in transit or other- 
wise. As an added precaution, wheels should be tapped gently 
(while suspended) with a light implement, such as the handle of a 
screw driver for light wheels or a wooden mallet for heavier wheels. 
If they sound cracked, they should not be used. Wheels must be 
dry and free from sawdust when applying the test, otherwise 
the sound will be deaderied. It should also be noted that organic 
bonded wheels do not emit the same clear metallic ring as do vitrified 
and silicate wheels. 

Mounting 

Rigidity of Machine. — Grinding machines should be sufficiently 
heavy and rigid so as to minimize vibration. They should be 
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securely mounted on substantial floors, benches, foundations, or 
other adequate- structures. 

Grade Markings of Wheels 
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Diameter of Spindle. — No wheel of larger diameter or ffreato.. 
thickness thamspedfied in the table on pa|e 492 shall be uSon 
any machme of given spindle diameter. ^ oe used on 

Grmding Wheel Markiags 

• Emery Wheel Works mark their grinding wheel« 

in the following manner and sequence: ^ S wneels 

1. Kind of abrasive (Aluminox, No. 29 Aluminox, No >7 

Alummox, or Carbolite), j -lnu. 77 

2. Size of grain or grit. 

3 * that is, grade of hardness indicated by bond strength 

Usually soft grades on hard work and vice versa, ^ 

tent f ^ medium con- 

tent, 4, s, 6; low content, 7, 8, 9, 10, 11,12. 

resinoid— ^.'vitrified— V; silicate— S; shellac— E; 

An example of wheel marking is given below: 


Abrasive 

Grain 

Size 

Grade 

Abrasive 

Content 

Bond 

77 

46 

H 

5 

■ ' V ■ ^ 


They suggest the following selection of abrasives for particular 
service: 


Aluminum Oxide (A 1203 ) 


Aluminox 
(Very Tough) 


Use on soft steels, 
alloy steel, an- 
nealed malleable 
iron, and 
wrought iron. 


Tor snagging, 
rough heavy 
work, heavy- 
duty precision 
grinding, and 
general purpose. 


No 29 Aluminox 
(Semi-Priable) 

No. 77 Aluminox 
(Pull-Friable) 

Use on mild 
steels, some 
hardened steels, 
a n d to u g h 
bronzes 

Use on hardened 
steels, carbon 
steels, alloy 
steels, and high- 
speed steels 

For precision 
grinding, tool 
grinding, and in- 
ternal grinding 

For fine preci- 
sion, tool-room , 
work on tools, ' 
cutters, reamers, 
hobs, etc., and 
internal grind- 
ing . .. . 


Silicon Carbide 
(SiC) 


Carbolite 


Use on cast iron, 
chilled iron , 
brass, bronze, 
aluminum, cop- 
per, tungsten 
carbide, stone, 
and nonmetallic 
substances 


For snagging and 
precision grind- 

.mg' ■ 
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Trade Names of Abrasives 

The Clover Manufacturing Company, Norwalk, Conn., gives the 
following list of abrasives by trade names: 


Trade Names 
Abrasite 
Adalox 
Adamite 
Alabrase 
Alorix 
M-Ox 
Aloxite 
Alundum 
Amunite 
Ansandum 
Ansilicon 
Ansolox 
A-0-66 
Armourite 
Baco 

Blue-Stripe 

Boxite 

Carbalox 

Carbicon 

Carbonite 

Carborix 

Carborundum 

Cry stolon 

Crystox 

Durite 

Durundum 

Electric- Abrasive 

Garalun 

Herculundum 

Jewelite 

Jewelox 

Luminox 

Lumnite 

Metalite 

Production 

Sil-Carb 

Three- M-ite 

Tri-M-ite 

XJsalox 

Wausite 

Yellow-Stripe 


Abrasive Used 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Silicon carbide 
Aluminum oxide 
Silicon carbide 
Aluminum oxide 
Aluminum oxide 
Silicon carbide 
Aluminum oxide 
Silicon carbide 
Aluminum oxide 
Aluminum oxide 
Silicon carbide 
Silicon carbide 
Silicon carbMe 
Silicon carbide 
Silicon carbide 
Silicon carbide 
Silicon carbide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Silicon carbide 
Silicon carbide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 
Silicon carbide 
Aluminum oxide 
Silicon carbide 
Aluminum oxide 
Aluminum oxide 
Aluminum oxide 


Selecting the Best Abrasives 

Choosing the best type of abrasive is not always easy. Both tjtie 
silicon carbide and aluminum oxide abrasives have their own fields, 
and there are also places where selection is a matter of personal 
opinion. The characteristics of the two types vary but not so 
widely as some imagine. 

Silicon carbide is very hard but does not resist breakage as does 
the aluminum oxide. It breaks into particles that are angular in 
form and cut well. This, in the opinion of most grinders, makes it 
superior for use on very hard materials, such as cemented carbide 
tools, stone, and ceramic materials. Metals and other materials 
that are of low tensile strength are best ground with this com- 
paratively fragile abrasive. Fracture of the cutting particles is 
necessary to provide new cutting points without great wheel wear, 
especially when cutting low-resistance materials. 
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Alummum-oxide abrasives are not quite so bard as the silicon 
carbide, but are tougher, and the grains are not so easily broken. 
This makes them better adapted for grinding most steels because of 
their greater resistance to the impact of striking the steel surface. 
The silicon carbide grains break too easily, which means too rapid 
wheel wear, for use on steel. 

This may be summed up in a general rule to use silicon carbide 
abrasives for materials of low tensile strength, regardless of their 
hardness, and to use aluminum oxide for materials of high tensile 
strength, such as steel. A list of materials suggested for grinding 
with the two types of wheels are: 

Silicon Carbide Aluminum Oxide 

Gray and cWlled iron Carbon steels 

Brass and soft bronze Alloy steels 
Aluminum and copper Hign speed steels 

Marble and other stone Annealed malleable iron 
Rubber and leather Wrought iron 

Very hard alloys Rough and hard bronzes 

Cemented carbides 

Vitrified bonding is used in perhaps 75 per cent of all wheels used. 
Th^ vitreous bond practically becomes glass under heat, and this 
glass holds the abrasive grains together firmly, but with considerable 
porosity. This enables it to remove material at a high rate. Not 
being affected by acids, oils, water, or climate, and being uniform 
in hardness, it is a favorite for many grinding operations. 

Silicate bonding is primarily silicate of soda, which does not hold 
the grains of abrasive so firmly' as the vitrified bond. This bond 
makes what grinders call a ‘‘milder’’ wheel, used largely in the 
grinding of edge tools. It is important in this work that the heat 
generated must be kept at a minimum. 

Both silicon carbide and aluminum oxide abrasives are made by 
the same concerns in both Canada and the United States. The 
makers alphabetically arranged, and the trade names of both types 
of abrasives are given herewith: 


Company 


Carborundum Aloxite 
Carbolon Exolon. 

Carbonite Lionite 

Federal Federal 

Crystolon Alundum 


In addition, the Abrasive Company (not General Abrasive) 
makes Barolon, an aluminum-oxide abrasive. 

Dust-Exhaust Provision. — Hoods on machines used for dry 
grinding and other operations where dust is produced should have 
provision made for connection to an exhaust system. 


Carborundum Company. . . . . . 

Exolon Company. 

General Abrasive Company. . . 
Monsanto Chemical Company! 
Norton Company. 


Trade Names 

Silicon Aluminum 

Carbide Oxide 
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The size of such connections should be in conformity with the 
following specified dimensions: 

Minimum 
Diameter 
OF Branch 

Diameter of Wheel, Inches ' Pipe, Inches 

6 or less in diameter 3 

7 to 16 in diameter 4 

17 to 24 in diameter. 5 

25 to 30 in diameter 6 


A modification of the above requirements will be allowed in the 
case of narrow wheels used for light work where very little dust is 
generated and where a smaller pipe will satisfactorily remove it. 

Note. — A ‘^Safety Code for the Use, Care, and Protection of 
Grinding Wheels,” containing complete information on this subject, 
may be obtained gratis from the American Standards Association, 
29 West 39th Street, New York, N. Y., or from any grinding wheel 
manufacturer. 

SPINDLE THREADS 

Direction of Spindle Thread. — Ends of spindles shall be so 
threaded that the nuts on both ends will tend to tighten as the 
spindles revolve. Care should be taken in setting up machines 
that the spindles are mounted so that they will revolve in the proper 
direction, otherwise the nuts on the ends will loosen. 

Note. — To remove the nuts, they should both be turned in the 
direction that the spindle revolves when the wheel is in operation. 

Work-Rest Adjustment.— The work rest should be kept adjusted 
close to the wheel, with a maximum distance of J inch, to prevent 
the work from being caught between the wheel and rest and should 
be securely clamped after each adjustment. This adjustment 
shall not be made while the wheel is in motion. The rest should 
be maintained in good condition. 

Flanges. — Flanges shall be recessed at least ^ inch on the side 
next to the wheel. 

Fit— The driving flange shall be keyed, screwed, shrunk, or 
pressed onto the spindle, and the bearing surface shall run true and 
at right angles with the spindle. 

Surface Condition.- — All surfaces of wheels, washers, and flanges 
in contact with each other should be free from foreign material. 

Bushing.— The soft metal bushing shall not extend beyond the 
sides of the wheel- The hole in the wheel bushing should be 
0.005 iiich larger than standard size spindles. This permits the 
wheel to slide on the spindle without cramping and ensures a good 
fit not only on the spindle but against the inside flange, which is 
essential. 

The hole in the wheel bushing should be 0.005 inch larger than 
standard-size spindles. This permits the wheel to slide on the 
spindle without cramping and ensures a good fit not only on the 
spindle but against the inside flange, which is essential. 

Washers. — Washers or flange facings of compressible material 
shall be fitted between the wheel and its flanges. If blotting paper 
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is used, it should not be thicker than 0.025 inch. If rubber or 
leather is used, it should not be thicker than i inch. If flanges 
with babbitt or lead facings are used, the thickness of the babbitt 
or lead should not exceed J inch. The diameter of the washers 
shall not be smaller than the diameter of the flanges. Fig. 2. 



Standard Dimensions of Protection Flanges 
(All Dimensions in Inches) 


A 

Diameter 
of Wheel 

B 

Minimum 
Outside 
Diameter 
of Flanges 

C 

Radial Width of 
Bearing Surface 

, D 

Minimum 
Thickness 
of Flange 
at Bore 

E 

Minimum 
Thickness 
of Flange 
at Edge 
of Recess 

Minimum 

Maximum 

I 

3 

8 

■■ 
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A 

2 
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A 

18 
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I 
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20 
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1 

22 
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24 

8 

i 
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26 
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1 
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I 

i 

28 

10 

i 

xi 

f 

i 


xo 


xi 

i 


36 

12 

I 

2 

i 

i 


Tapered protection flanges shall always be used with tapered wheels having 
the same degree of taper, which should be at least i inch per foot for each 
flange. 


Tightening of Nut— When tightening spindle-end nuts, care 
should be taken to tighten them only enough to hold the wheel 
firmly; otherwise, the clamping strain is liable to damage the wheel 
or associated parts, i 
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Gtiards for Abrasive WTieels.~-The safety code prescribes guards 
for abrasive wheels as shown in Fig. 3. The diagrams give the 



Fig. 2. — Right and Wrong Way to Mount Wheels 



Fig. 3. — -Wheel Guards 


amount and the position of the openings for grinding machines of 
different t3npes. 

Diamond Gnnding Wheels.— Diamond are rated by the ‘‘dia- 
mond concentration’* which refers to the relative quantity of 
diamond of a given size, in a unit volume of the active portion of 
the wheel. One hundred concentration is the maximum to secure 
greatest cutting capacity with economy. Lower concentration 
indicates diamond particles spaced farther apart. 
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I DRESSING AND TRUING 

I The terms “dressing’^ and truing’’ are frequently confused 
( or carelessly interchanged. Actually, there is a definite distinction 
; The term dressing should be used to describe the reconditioning 
of the grinding surface of a wheel which has lost some of its cutting 
ability because of glazing or loading. Theoretically, this operation 
is unnecessary if the wheel is of the correct specifications for the 
work. The term truing should be used to describe the operation 
i of restoring the grinding surface of the wheel to its correct geo- 
metrical shape — cylindrical, conical, plane, or formed, as the case 
might be. For precision grinding of all kinds truing is necessary 
1 at intervals in order to insure accuracy of results, 
i A wheel could be satisfactorily dressed but still require truing. 

I • The truing operation, however, if correctly done with the proper 
tool will perform the function of dressing at the same time. From 
this it will be understood then that ordinary dressing of wheels 
used for precision grinding is not sufficient but may be satisfactory 
on snagging and other offhand operations where accuracy is not 
of great importance. 

The most common type of offhand dressing tool consists essen- 
tially of a number of circular metal cutters mounted on a spindle 
in a suitable holder. These cutters are of numerous shapes and 
styles to suit various classes of work and are known by various 
: names, such as ^‘Huntington,” “Ross,” etc. The Metcalf dresser 

f consists of an abrasive wheel mounted on a spindle with a handle 
; at each end. 

I For truing wheels on precision machines a diamond tool or some 
well-built truing device which employs abrasive wheels should be 
used. Huntington dressers or other types using metal discs as 
’ the cutting medium are not suitable. Truing devices must also 
be firmly supported. Offhand application of the tool should never 
be permitted. 

Diamonds should be the hardest rough stones procurable, and 
the larger stones are cheaper in the end. A large stone allows of a 
more secure hold in its setting, and so the danger of losing it is 
reduced. The diamond tool should always be held by mechanical 
means when it is in use, except in cases which are unavoidable. 

; Diamonds for Grinding Wheels 

j About 90 per cent of all industrial diamonds are used in grinding 

wheeT dressers. Large stones are recommended for heavy work, 
smaller for lighter work, depending on conditions. Recommenda- 
tions for Landis and Norton nibs are shown in the table at top of 
I page 494. 

i Light truing cuts are generally preferable. When used, coolant 

I should cover the full face of the wheel. Machines should be level 

j and steady. The dresser should move slowly and uniformly across 

I entire face. Turn holder often, from one-fourth to one-third turn. 

; Reset the diamond before it is worn level with holder. Avoid 

f shattering the diamond by impact at the edges of the wheel. 

I 
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Carats 

===== 

Wheel diameter under 8 
inches. .... 

0.300 to 0.750 

Depending on con- 

Wheel diameter under 12 
inches 

ditions, type of 
i wheel, grain, etc. 

Wheel diameter under 24 
inches 

1 . 000 to 1 . 250 


Wheel diameter over 24 
inches... 

1 . 500 to 3 • 000 

T\ L 

0 • 5 ^^ ^0 10 • 000 


iJresser diamonds are properly touffh stoneti • 

S f f “ their nS form 

hght-duty cases they can be shaoed to a. nnint +„ J .i,.- 


&ey c^nTslTpedri nT rTa 

Sb ThkSr‘ dJaLnd set in a?Senid 

used unta en&ely wf rrawl7' The diamond N 
resetting. Carat Smelded&fr±r.^,fii™^^ 


attu jrace, 
in Inches 


6X1 
8 X I 
10 X I 
12 X r 
14 X 
i8 X 


Average Carat 
Weight 

Wheel Diameter 
and Face, 
in Inches 

0.300 

■ 18 X 2 

0.600 

20 X 2 

0 . 7 S 0 

24 X 2 

1 . 000 

24 X 3 

1 . 2 S 0 

24X4 

1 . 500 

26 X 4 


uuc jL/ittiuonas 
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The illustrations show various methods by which they may be held 
securely, and require but little explanation. First, Fig. 4 is the 
method most commonly used, the diamond being either peened or 
brazed in position. One disadvantage of this method is that the 
diamond is apt to break with a chance blow of the peening chisel, 
or the heat from brazing will sometimes cause fractures; neither is 
it so easily reset when its point becomes dulled as are the other 
settings shown. Figure 5 requires no explanation, except that^it is 
advisable to pack the diamond with shredded asbestos fiber to act 
as a cushion; this method allows of quick resetting. Figure 6 con- 
I sists of a small steel cap tapped out to fit the stock as shown, 
f Enough shredded asbestos fiber is inserted between the diamond 
and stock to hold it firmly in position. This method also allows 
I of quick and safe resetting. 

I Use of Coolant or Lubricant 

In grinding metals and many nonmetallic substances, it is essen- 
tial to use a coolant to dissipate the heat generated by the abrading 
action and friction. It is particularly true in precision grinding 
that an equable, moderate temperature be maintained in the work 
to obviate distortion and to make accurate size taking possible 
during or immediately following the grinding operation. 

Although clear water can be used for this purpose, it causes rust- 
ing of the machine and work and lacks many desirable character- 
I istics of other cooling media. Addition of soda or alkali in various 
forms to the water overcomes the trouble from rusting. Solutions 
containing soapy emulsions or soluble oil compounds are valuable 
as rust preventives and their lubricating quality tends to reduce 
the heat generated and to improve the finish produced by the 
. grinding wheel. Kerosene or other light oil solutions are used for 
aluminum and its alloys, and these permit settling of the light chips 
and aid effective grinding action. 

Use of a grinding fluid tends to keep the wheel face from loading 

i or filling with particles of the material being ground, thus improv- 
ing its cutting action. It also settles the abrasive dust, preventing 
contamination of exposed bearing surfaces and adding to the 
hygienic conditions of the workman. 

The coolant should be applied in ample volume directly to the 
grinding point. Applying the grinding fluid remotely or using too 
. little reduces its effectiveness and may even cause distortion or 
surface defects such as checking. 

Clean Coolant Cuts Costs 

Coolant thoroughly cleaned by centrifugal separator produces 
I better work and saves grinding-wheel cost by making wheels last 

j up to 20 per cent longer, which also saves on wear of the diamonds 

used in truing. W continuous cleaning much less coolant is 
needed, and it is not necessary to throw away old coolant and mix 
a new batch, as no sludge is permitted to form. 

The amount of coolant is also important. One expert advises 
2 gallons per minute for each actual horse-power used. Brown 
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the tank should hold 2 to sj times the totel flow p“ m^ 
General Suggestions 

^ Competent men shall be assigned to the mr»nr,f-TT,^ 
inspection of grinding wheels and machines. care, and 

■ care should be taken to see that the 

AU new wheels shall be run at fuU operatinR speed for i ^ 

S 

i^mize the chance of breakage. TM^aK to sSr?fnt 

jjd S3I S,t. “4S“.? 1S4.;S 

K^atosuhe 

J-are should be exercised in lubrication so that tbf- ertm/Ud:. m 
not become sufficiently heated to damage the wheel: ^ 

FACTORS AFFECTING GRINDING-WHEEL SELECTION 

• g?4-34t‘i,*SSS M “ t a.SSiS'%4;f 

for a certain %b is eSel^Moftfl to th. I”® ^ 

Given conditions: 

1. Material to be ground 

3: irToTconl““* 

4. Type of grinding machine. 

Influential variable factors: 

I. Wheel speed. 

3. Condition of machine. 

^ Skill of the workman. 

tensile strencrtli better adapted are comparatively high in 

0^01 ^oTsteek ditto’ ’’T-t® 'I'® ^®^dest al tfugh“ 
broime, oflw’^^dTgrffidffigtSZifld be used. 
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For materials that are very easily penetrated, such as leather, 
and for those which are hard but very brittle, such as stone, silicon 
carbide wheels are more suitable. Cast and chilled irons offer 
moderate resistance to penetration and are sufficiently brittle 
compared with hardened steel to make silicon carbide the more 
effective abrasive for them. Also other materials of low tensile 
5 strength, such as soft brasses and bronzes, aluminum, and copper, 
are more efficiently ground with silicon carbide grinding wheels. 

2, Amount of Material to be Removed. — The amount of material 
I to be removed by the grinding wheel and the finish desired influence 
i the selection of the grit size, because, where comparatively large 
amounts of material have to be removed by grinding, the coarser 
grain combinations should be employed to facilitate the rapid 
removal of stock. This applies particularly to hand grinding opera- 
tions like snagging castings, where finish is no consideration, but 
rapid cutting qualities are essential. 

Finish is dependent to a considerable extent on grit size used, 
except on machine grinding operations, where proper truing and dress- 



Fig, 7 Fig. 8 Fig. 9 Fig. 10 

Grinding Grinding Large Grinding Internal 
Small Diameter Flat Surface Grinding 

Diameter 

Figs. 7--10.— Contact of Grinding Wheel 

ing facilities afford a means of obtaining fine finish without the sacri- 
fice of production usually accompanying the use of fine grit wheels. 

3. Arc of Contact—The arc of contact, or the area of contact, has 
a very important bearing on the grain and grade selection. By 
the “arc of contact” is meant the length of the arc (measured along 
the periphery of the wheel) that is in contact with the work being 
ground. The two extremes of the length of this arc are illustrated 
by Figs. 7 and 10. The difference in the length of the arc of contact 
in these two extremes is actually rather small, but the effect of this 
difference on the grinding wheel is great. In the first case, a 
medium-hard wheel is required, whereas only the softest grades 
will grind satisfactorily in the second case. , 

In the case of cup or cylinder wheels where the grinding is done 
on the rim, the arc of contact develops into an area of contact and 
the effect of a change from a small area to a large area is even more 
marked than with a straight wheel. The extremes here range from 
the grinding of steel bahs, where practically “point contact’^ 
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exists, to^ the grindmg of broad, flat surfaces. To select a 
smtable to the vanations in the area of contact, graces F^o 7 
(Norton) have to be employed. > sr«-ues r to Z 

The “arc of contact” and “area of contact” should not be rr,^ 
fused with the ‘width of contact.” By “width of contact 
meant the width of the wheel in contact with the work in the case 
of cylindrical grmding, or the width of the rim in the case of cim 
^hnder wheels. Width of contact has practicaUy no effect on 
thacuttmg action of a wheel, provided, of coursi, pressum ne, 
umt area remams constant and there is sufficient power the drivf 
In other words, there should be no difference in the cutting ac&n^^ 
a wheel i inch wide and another 4 inches wide, or a cup -mth i inch 

™ 

machine is_ already available and becomes an important factor in 
grinding-wheel selection. Heavy, rigidly constructed machines 
^e softer wheelsman lighter, more fleidble types. SomemaSes 

set up greater vibrations than others, thus calling for finer and 
Wer wheels The combination of speeds and feeds on some 

Influential Variable Factors 

I. V^eel Speed,-~Too slow a speed means waste of abrasive- 
without getting much useful work in return, and an excessive soeed 
may retard cutting and if carried too far might become ^0^ 
Run a grinding wheel at somewhere near the speed recommended bv 
the maker, as he has found by years of experience that 
speeds work better than others.^ The gritrand grades Suallv 
grinding operations are\ased orthe 
emXved ^ Tf approximately ffie recommended speeds wiU be 
employed. If, for some reason, these speeds cannot be used tbpn 
the grade at least must be chan^ to suit this Stion ’ 

Recommended Wheel Speeds 

Surface Feet 

Cylindrical grinding. . , Minute 

Internal grinding. .®. ! ! .' i ^ ’ f ®>5oo 

Snagging, ofttand grinding Wtrifed)'. j’ooo to 6^ 
Snaggmg, rubber, and Bakelite wheels. 5, 000 to 0,ooo 


O y'-' ’=’■' wuccis. 7. coo to n ervo 

Surface gnnding > 

Machine-knife Irinding. . . ! •••••••■•• 4,°^ to 5,000 

Hemming cylinders. ........ ■ • ' 3,S_ to 4,000^ 

Cutlery Wheels. . ...... .... 5,^ to 6,000 

Rubber, sheUac, and Bakelite cuttingHiff wheels ; ! 9, ’000 to r 6,’^ 
emp£y|d.'“®'‘" “ recommended only where suitable bearings are 
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2. Work Speed, — -In maclime grinding, speed of work exerts a 
very pronounced effect on the grinding wheel and hence has to be 
allowed for in grinding-wheel selection.^ In general, fast work 
speed, whether the operation be cylindrical, surface, or internal 
grinding, tends to wear the wheel out faster than slower work speed. 
This is not necessarily a drawback to good grinding practice, but it 
must be understood to be properly controlled. 

Wheel wear is dependent on the ratio of the surface wheel speed 
to the surface work speed. The higher the ratio the less work the 
wheel is required to do in a given amount of time, hence the wheel 
naturally wears at a slower rate. If the ratio is decreased by 
increasing the work speed, the wheel will be required to do more 
work in a given time and will wear faster. 

In general, the longer the arc of contact in precision grinding 
operations, the faster should be the speed of the work, in order 
to have the wheel cut properly. 

In hand grinding, the rate at which the work is forced against 
the wheel or the method of applying the work exerts an influence 
on grade selection. The harder the grinding wheel is forced, the 
harder should be the wheel if abrasive economy is to be expected. 

3. Condition of the Grinding Machine.— A grinding wheel is a 
refined tool (as is a milling cutter) and cannot work to good advan- 
tage on a machine in poor repair or not properly set up. In such 
cases allowances must ^ be made at least in the selection of the 
grade of the wheel. Spindles loose in their bearings necessitate the 
use of very much harder wheels than would be used under normal 
conditions. Insecure or shaky foundations cause no end of trouble 
in grinding, because hard grades have to be employed to overcome 
the tendency of the wheel to wear rapidly, and thus cutting qualities 
are sacrificed. 

4. Personal Factor or Skill of the Workman.— The workman's 
knowledge of the tool he is using and of its limitations is an impor- 
tant factor in the use of grinding wheels, just as much as in the use of 
other refined tools. It has been found that on hand grinding it is 
possible for grinding costs to vary 100 per cent on the same work 
and with the same kind of a machine in the same factory, owing to 
the difference in the men^s methods of applying the work to the 
wheel. Even in machine grinding, the operator can vary the results 
and grinding costs by his methods of handling the machine. 

I. Factors affecting the selection of the abrasive: 

{ Carbon steels 
AUoysteels 
High-speed steels 
Annealed malleable iron 
Wrought iron 
Tough bron 25 es 
Tungsten, etc. 

S Gray iron 
Chilled iron 
Brass and bronze 
Aluminum and copper 
Marble 
Granite 
Pearl 
Rubber 
Leather, etc. 


A. Physical properties of 
the material to be 
ground ; . . . 
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2. Factors affecting the selection of the grit: 

A. Amount of material to be removed f coarse wheels for fast remnv.i 

B. Finish desired........... ‘ Us°e finvLin f. « 

^ . ‘ 'f TT®® “ ® fine finish 

C. Physical properties of material to J coarse^gram for ductile mat ^ 
be ground . . . i ^lals and finer grain for 

3 . Factors affecting the selection of the gralTdegre^ofhlr^fets^^^ * 

on soft ^atedels 

B. Arc of contact. .., 

C. WheeUi,»d and work speed ] ''"o'“lorrs|eed‘ thl tofe^ 

( should be and vice versa 

B. Conditionofgrindingn^achine... 

I ( good condition “nes m 

pjoWul operator can use softer 
I wheels than un«iWn<at^ 

£. Skill of operator / softer wheels mean more ST 

■ V.nomical production 

piece-work grinding usually calk 
. fF *1, ^ ^ harder wheels than day wS 

4. Factors affecting the selection of the process: . 

i Wheels subjected to benf1ir.« 
strains should be made by elastic 
or rubber process 

l"“a1rby“theSfcM'^?gS 

process ‘^‘-'uer 

Wheels over 36-inch diameter are 
usually made by the silicate 
~ process 

» -D . Pse Tritrified wheels for most rapid 

B. Rate of cutting J cutting at speeds under 6 ?oo 

V 

I TJse elastic or rubber wheels for 
sandstones on cutlery, etc. 

Grinding-Wlieel Recommendatioiis 

A gr^ and grade list such as this reaches its maximum usefulness 
Its purpose is familiar to the user. The table berinSne 
on page 505 lists common grinding operations. The wheel^speedf 

^ 1 machines in good operating condition. ^ 
Grmding wheels are sometimes made of a combination of grains 
and are designated as, for example, 24 combinatioT A SrfS! 
haf ^ mixture of fine, coarse, and medium grain sizes 

has a ^erent cuttog action from a straight-grained wfeel and is 
desimble for certo opemtions, particularly cylinS g indtof 
Such wheels are designated by C, as 24C-K. (See page 505.) 

Speed Tables, Rules for Surface Speeds, Etc. 
afZbf.w® number of revolutions per minute 

atwhichgrmdmgwheelsof diameters rangingfromito 60 iSche^ust 


G. Wheel speed and work speed . 


D. Condition of grinding machine . . 


E. Skill of operator. 


4‘ Factors affecting the selection of the 


A. Dimensions of wheel. 


B. Rate of cutting. 


C, Finish desired. 
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be operated to secure peripheral velocities of 4,000, 5,000, 5,500, and 
6,000 feet per minute. Ordinarily a speed of 5,000 feet per minute 
is employed, though sometimes the speed is somewhat lower or 
higher for certain cases. 

The exact speed at which any specified wheel should be run 
depends upon several conditions, such as the type of machine, 

Standard Types of Grinding Wheels t 



Fig. 1 1. "“Types of Wheels Not Shown in List of Standard Shapes 
Are Known as Non-Standard but Can Be Supplied on Order 


character of work and wheel, quality of finish desired, and various 
other factors referred to at other places in this book. Wheels are 
ordinarily run in practice from about 4,000 to 6,000 feet per min- 
ute, though in some cases a speed as high as 7,500 feet has been 
employed. An average speed recommended by most wheelmakers 
is 5,000 feet. To allow an ample margin of safety it is recom- 
mended that wheel speeds should not exceed 6,000 feet per minute. 


Selecting Grinding Wheels 

Selection of the best grinding wheel for each type of work is not a 
simple matter^ M depends on the machine, the operator, and 
the economicar purchase of new wheels. Some consider the life of 
the wheel rather than the amount of work it produces. As with 
other tools, it is economy to secure the greatest possible amount of 
work in the shortest time. This ob tains maximum efficiency from 
the men, the machines, and the plant. Although the grinding 
wheels recommended by Norton are still good general guides, 
pages 1419 to 1423^1 should also be consulted for later data on 
wheel markings. 
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the perfomance of any grinding whed as 
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g ,, , , Belt Grinding 

Company, can®b“run ’wet"w rr" P°rter-Cable Machij 
OT^latmg system, they do not^oveYw^ft*^’ P'^af«rably with 
made to run at from 2,5^ to 6,000 

■ '"-HIM '■"^faurrace teet per minute. 


Peripheral Speed in Feet per Minute 





Note : “ Centrifugal force, which is the force that tends to rupture a given wheel when overspeeding, increases 
as the square of the velocity of that wheel. For example, the centrifugal force in a wheel running at 5,500 surface 
feet per minute is 49 per cent greater than in the same wheel running at 4,500 surface feet per minute, although the 
speed is actually only 22 per cent greater. 
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I Norton Grinding-Wheel Recommendations 


Work— “Material — • 
Operation 

1 

tO 

■1 

0 

oS 

0 

0 

1 

a. 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 



, 0 

0 

CO 




Aluminuin: 






1 


Cylindrical. .......... 

Surfacing (cups or cyl- 

37 

30 

J 

8 

i 

Crystolon 

Vitrified 

i inders) 

Surfacing (straight 

38 

24 

K 

; H 

8 

B 

Alundum 

Vitrified 

wheels)... 

38 

46 

8 

B 

Alundum 

Vitrified 

Internal 

37 

46 

K 



Crystolon 

Vitrified 

Snagging (low speed). . 

37 

24 

0 

6 


Crystolon 

Vitrified 

Snagging (high speed). 

30 

N 

4 

T2 

Alundum 

Bakelite 

Cutting-off. 

Armatures (laminations): 


24 

S 

8 

T2 

Alundum 

Bakelite 

Cylindrical 


36 

L 

S 

B 

Alundum 

Vitrified 

Internal 


36 

J' 

S 

B 

Alundum 

Vitrified 

Ascoloy shafts, cylindrical 
Axes (soft steel): 

37 

46 

M 

' S 


Crystolon 

1 Vitrified 

Siding. 


36 

i T 

5 

B 

Alundum 

Vitrified 

Edging (scribing) 


20 

i R 



Alundum 

Vitrified 

Edging (high speed) . . . 
Axles (automobile): 


30 

Q 

4 

T2 

Alundum 

' Bakelite 

Centerless. 


46 

■M 

' ' 5 

B 

Alundum 

Vitrified 

Cylindrical.... 

1 Axles (railway and auto- 


46 

L 

s 

B 

Alundum 

Vitrified 

i mobile), cylindrical. . , . 

j Ballbearings: 


46 

L 

i . 5, 

B 

Alundum 

1 Vitrified 

Surfacing cups and 

cones — soft 

Surfacing cups and 

38 

46 

G 


S 

Alundum 

. 

Silicate 

cones — ^hard. 

Grind O.D. cups — 

.38 

80 

P 


S 

Alundum 

Silicate 

rough and finish ..... 


80 

M 

6 

B 

Alundum 

Vitrified 

Grind outer race ...... 


1 80 

R 

6 

R 

Alundum 

Rubber 

Grind inner race 


120 

P 

'2 

R 

Alundum i 

Rubber 

Internal grain bore. . . , 
Balls (hard — ^large), final 


' 60 

M 

4 1 

B 

Alundum 

Vitrified 

finish 

Balh (hard— small), final 

37 

320F 

X 

pA 


Crystolon 

Vitrified 

finish 

Billets (high-carbon and 

37 

XF 

Z4 

II 


Crystolon 

Vitrified 

1 high-speed steels): 

Cleaning (high-speed 








swing frames) 


14 

0 

4 

T2 

Alundum 

Bakelite 

Cleaning (flexible shaft) 
Billets (stainless and alloy 


20 

1 

0 

5 

B 

Alundum 

Vitrified 

steels): 

Cleaning (high-speed 








swing frames) 


12 

s 

4 

T3A 

Alundum 

Bakelite 

Cleaning (flexible shaft) 
Bits (au^er): 1 


20 

R 

7 

B 

Alundum 

Vitrified 

Grinding throats. ..... 


36 

R 


R 

Alundum 

Rubber 

Fluting. 

Bolts (case-hardened 

steel): 

Cylindrical. .......... 


70 

R 


R 

Alundum 

Rubber 


60 

L 

S 

B 

Alundum 

Vitrified 

Centerless . . . ..... 

Brake shoes (chilled iron), 


60 

,N; 

s 

B 

Alundum 

Vitrified 

snagging. . . . . . . . . . . . . 

37 

20 

S 

5 


Crystolon 

Vitrified 


So6 GRINDING, HONING, AND LAPPING 


Norton Grinding-Wheel Recommendations.— C owiwjtei 


"\i7oi.k — Material — 
Operation 

0 

1 

1 

1 

u 

2 

1 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 


< 

O 

0 

oS 

m 



Brass: 

Centerless 

37 

36 

N 

S 


Crystolon 

Vitrified 

Cylindrical 

37 

36 

K 

5 


Crystolon 

Vitrified 

Internal 

Surfacing (cups and 

37 

36 

J 

6 


Crystolon 

Cyrstolon 

Vitrified 

cylinders) 

37 

24 

H 

8 

T2 

Vitrified 

Snagging (high speed) . 

37 

20 

0 

2 

Crystolon 

Bakelite 

Cutting-off 


30 

w 

7 


Alundum 

Bakelite 

Broaches, sharpening. . . . 
Bronze (soft) use same 
wheels as for brass 
Bronze (hard): 

38 

46 

K 

5 

B 

Alundum 

Vitrified 

Centerless 

37 

SO 

K 

S 

B 

Crystolon 

Vitrified 

Cylindrical 


46 

K 

5 

Alundum 

Vitrified 

Internal i 

38 

00 

J 

.S 

B 

Alundum 

Vitrified 

Snagging 


20 

Q 

8 

s 

Alundum 

Vitrified 

Cutting-off 

Bushings (hardened steel) : ; 


30 

W 

7 

T3 

Alundum 

Alundum 

Bakelite 

Cylindrical 


60 

L 

S 

B 

Vitrified 

Internal...,.........’. 

38 

60 

K 

5 

B 

Alundum 

Vitrified 

Centerless (rough) 

Is"- 

■M 

S 

B 

Alundum 

Vitrified 

Centerless (finish),.... 
Bushings (cast iron) : 


120 

1 N 

. 0 

R 

Alundum 

Crystolon 

Alundum 

Rubber 

Cylindrical 

37 

38 

46 

K 

J 

5 

'5 

B 

Vitrified 

Vitrified 

Internal 

Cam rollers (hardened 
steel): 

Cylindrical 

37 

46 

I 

8 


Crystolon 

Vitrified 

38 

60 

N 

6 

B 

Alundum 

Vitrified 

Internal ......... 

Cams (hardened steel): 

38 

60 

L 



Alundum 

Vitrified 

Rough and fimsh 








Hand machines 


70 

P 

8 

T2 

Alundum 

Bakelite 

Automatic 


70 

0 

8 

T2 

Alundum 

Bakelite 

Cams (cast alloy): 







Rough and finish 

37 

70 

P 

8 

T2 

Alundum 

Bakelite 

(hand machines), . 

60 

0 

6 

T2 

Crystolon 

Bakelite 

Rough and finish (au- . 

37 

70 

0 

8 

T2 

Alundum 

Bakelite 

tomatic machines) . , 

60 

P 

6 

T2 

Crystolon 

Bakelite 

Camshaft bearings, cylin- 







drical. 

Car wheels (chilled iron), 


46 

N 

S 

B 

Alundum 

Vitrified 

cylindrical 

Car wheels (steel), cyHn- 


16C 

N 



Alundum 

Vitrified 

1 drical. 


20 

P 

S 

B 

Alundum 

Vitrified 

Car wheels^ (manganese 

1 steel), cylindrical 


16 

Q 

8 

B 

Alundum 

Vitrified 

Carbon (soft), cutting-off. 
1 Carbon (hard-round- 

smah): 

1 Centerless 

37 

16 

a 


R 

Crystolon 

Rubber 

37 

36 

N 

5 


Crystolon 

Vitrified 

Cutting-off . 

Carbon (hard-round- 

37 

46 

R 

6 

T2 

Crystolon 

Bakelite 

large), cutting-off .... . 
Card clothing: 

37 

46 

R 

6 

T2 

Crystolon 

Bakelite 

Pointing tips 

3S 

100 

S 


R 

Alundum 

Rubber 

Cylindncal 

16 

0 

S 

B 

Alundum 

Vitrified 


WORK AND WHEELS 



f' 




Norton Grinding-Wheel REcoMMENDATioNS.-~CawMwwe(f 


W ork — M aterial- 
Operation 


Casein: 

Cutting-off 

Cylindrical 

Cylindrical (form grind- 
ing) 

Surfacing 

Cast iron: 

Centerless 

Cutting;off 

Cylindrical 

Internal 

Surfacing (cups and 

cylinders)..... 

Surfacing (straight 

wheels) 

Snagging (low speed). | 

Snagging (low speed 

portable) 

Snagging (high speed). 
Chain links (annealed 
malleable iron and 
steel): 

Snagging (low speed). , 
Snagging (high speed). 
Chasers (thread): 

Surfacing. 

Grinding throats. 

Chilled iron: 

Snagging (high speed). 
Snagging (low speed). . 
Surfacing (cups and 

cylinders) 

Surfacing (straight 

wheels) 

Cylindrical (see Rolls ) 
Chisels (air-driven): 
Chromium plating: 

Good commercial finish 
Excellent commercial 

finish. 

High finish 

Commutators: 

Rough (resurfacing 

stones). 

Finish (resurfacing 

stones) 

Rough and finish 

(wheel).. ....... 

Connecting rods: 

Internal. . . . .......... 

Surfacing (cups and 
cylinders).......... 

Copper: 

Tubes (cylindrical) . . . . 
Cylindrical (also see 
Rolls).............. 


Abrasive 

Grain 

Grade 

Structure 

Bond 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 

37 

46 

P 

6 

T2 

Crystolon 

Bakelite 

37 

46 

J 

S 


Crystolon 

Vitrified 

37 

100 

M 



Crystolon 

Vitrified 

37 

36 

H 

6 


Crystolon 

Vitrified 

37 

46 

L 

S 


Crystolon 

Vitrified 

37 

36 

R 

8 

T2 

Crystolon 

Bakelite 

37 

36 

J 



Crystolon 

Vitrified 

37 

46 

J 



Crystolon 

Vitrified 

37 

16 

H 

7 


Crystolon 

Vitrified 

37 

30 

J 

8 


Crystolon 

Vitrified 

37 

16 

S 

S 


Crystolon 

Vitrified 


30 

R 

7 

B 

Alundum 

Vitrified 

37 

16 

S 

S 


Crystolon 

Vitrified 

37 

16 

S 

2 

T3 

Crystolon 

Bakelite 


20 

Q 

8 

B 

Alundum 

Vitrified 


16 

P 

4 

T2 

Alundum 

Bakelite 

38 

46 

T 

S 

B 

Alundum 

Vitrified 


60 

M 

4 

L 

Alundum 

SheUac 

37 

16 

Q 

2 

T2 

Crystolon 1 

Bakelite 

37 

16 

R 

5 


Crystolon 

Vitrified 

38 

24 

I 

8 

B 

Alundum 

Vitrified 

37 

3d 

I 

' i 


Crystolon 

Vitrified 


24 

0 



Alundum 

Vitrified 

38 

60 

L 

S 

B 

Alundum 

Vitrified 


80 

K 

5 

L 

Alundum 

Shellac 


500 

I 

9 

L 

Alundum 

Shellac 

37 

SO 

K 

3 

L 

Crystolon 

Shellac 

37 

100 

K 

S 

L 

, Crystolon 

Shellac 

37 

60 

M 

4 

L 

Crystolon 

Shellac 

38 

60 

K 



Alundum 

Vitrified 

38 

24 

J 

8 

B 

Alundum 

Vitrified 

37 

70 

J 

S 

L 

Crystolon 

Shellac 


60 

L 

4 

L 

Alundum 

Shellac 


5o8 grinding, honing, and lapping 


Work— Material- 
Operation 


Copper Com/.: 

bnrfacing (cups and ^ 

cylinders) ia T ^ 

Couplers and draw bars:' ^4x7 

fanaggmg (slow speed) . 10 TT 

^ 4 T. 

38 60 K s B 

Crankshafts, automotive: 46 L 5 B 

(pins and bearings) 

Kougn- — heavy-side re- 

0 ^ 

Knish..... It S i 

46 0 I 

Knives— butcher 
Hemming 

Carbon steel. . ^5 M /» 

4<S L J 

. Surfacing sides.... 150 I 

Knives— panng 
Hemming 

Carbon steel. too P a 

. Stainless steel loo 0 6 

Knives— pocket ° 

Hemming 

fanS;;;;;;:;;;;;;; | | 

KrivS-tobie"-'--" ° 

Hemming 

Carbon steel. 60 u ^ 

p V ,®^ai^less steel..., . 60 H 1 

Cylinders, automotive ^ 

(cast iron): 

Hiternal (wheels)...... 37 36 h o 

Honing (new cyHnders, ^ ^ 

sticks) ^ 

Comniercial finish. . . 37 itjo M *» 

Honing (new cylinders, ’ 

Sticks) 

Mirror finish :>7 t 

Rehoning, (sticks, ^ ^ 

Rehonin^^lsticks*' fin- ^ ^ 

Dies1f^?gtg)Vcleaning:.\ To ^ " 


1 

i 

Grain 

i 

0 

§ 

XI 

Abrasive 

(Trade 

, <1 

0 'S 

0 

pq 

Mark) 

„ . 


46 P s 

50 N 5 

46 0 s 


46 M 4 L 
46 L 4 L 


100 P 6 V 

100 0 6 V 

100 P 6 V 

100 N S 
220 Q S 

60 Q 5 B 
46 P SB 
60 P 5 B 
400 0 

60 M 4 L 
60 L 4 L 


Crystolon 

Crystolon 

Alundum 

Alundum 

Alundum 

Alundum 


Rubber 

Vitrified 

Vitrified 

Bakelite 

Vitrified 

Vitrified 


Alundum Vitrified 

Alundum Vitrified 
Alundum Vitrified 
Alundum Vitrified 


Alundum Shellac 
Alundum Shellac 

Alundum Silicate 

Alundum Shellac 
Alundum Shellac 


Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Alundum 

Crystolon 


Shellac 

Silicate 

Silicate 

Vitrified 

Vitrified 

Vitrified 

Vitrified 


Alundum Shellac 
Alundum Shellac 

Crystolon Vitrified 

Crystolon Vitrified 

Crystolon Vitrified 

Crystolon Vitrified 

Crystolon Vitrified 
Alundum Vitrified 


WORK AND WHEELS 


5^9 


Noeton Geinding-Wheei R'ECOMM'ENDATiom.-^Continued 


Work — Material— 

> 



1 


Abrasive 

(Trade 

Mark) 

Bonding 

Operation 

ctl 

l-l 

rO 

h 

§ 

0 

s 

Xf 

fl 

0 

Process 


.< 

o 

0 


W 



Dies (threading), cham- 
fering (cone wheel), . . . 
Dies (drawing): 


80 

Q 

S 

B 

Alundum 

Vitrified 

Cleaning 

Surfacing (cups and 


6o 

L 

s 

B 

Alundum 

Vitrified 

cylindei's) 

Surfacing (straight 

38 

24 

J 

8 

B 

Alundum 

Vitrified 

wheels) 

38 

46 

I 

8 

B 

Alundum 

Vitrified 

Drills: 






Cutting-off (high speed) 


36 

R 

8 

T2 

Alundum 

Bakelite 

Cutting-off (low speed) . 


60 

P 

7 

T2 

Alundum 

Bakelite 

Cylindrical. 

C e n t e r 1 e s s (s 0 f t) 


SO 

N 

5 

B 

Alundum 

Vitrified 

through feed 

Centerless (hard) in 


60 

M 

S 

B 

Alundum 

Vitrified 

feed 


80 

N 

6 

B 

Alundum 

Vitrified 

Precision sharpening. . . 

38 

46 

M 

S 

B 

Alundum 

Vitrified 

Point thinning 

Drills (small): 

60 

N 

s 

B 

Alundum 

Vitrified 


Fluting 


46 

R 

0 

R 

Alundum 

Rubber 

1 Offhand sharpening 


00 

N 

s 

B 

Alundum 

Vitrified 

1 Offhand sharpening .... 

' Drills (large): 


60 

R 

0 

R 

Alundum 

Rubber 

Vitrified 

1 Fluting 

Offhand sharpening 


46 

P 

5 

B 

Alundum 


(wet) 


36 

P 

s 

B 

Alundum 

Vitrified 

Files, surfacing 

Forgings : 


36 

0 

S 

B 

Alundum 

Vitrified 

Centerless 


60 

M 

s 

B 

Alundum 

Vitrified 

Cylindrical 


46 

M 

s 

B 

Alundum 

Vitrified 

Snagging (high speed) . 


16 

P 

4 

T2 

Alundum 

Bakelite 

(low speed).. 


20 

Q 

8 

B 

Alundum 

Vitrified 

Progs and switches (man- 







ganese steel): 

Offhand grooving 
(portable machines). 
Semi-precision groov- 


14 

0 

S 

B 

Alundum 

Vitrified 

ing 

(planer-type ma- 








chines) 


16 

0 

S 

B 

Alundum 

Vitrified 

Snagging 


14 

R 

4 

T3A 

Alundum * 

Bakelite 

Surfacing 


14 

Q 

6 


Alundum 

Vitrified 

Gages (plug ) , cylindrical . 
Gages (U. S, thread. 

38 

80 

K 

6 

B 

Alundum 

Vitrified ^ 

coarse pitch), grinding 
threads. . . . . , . . . ...... 

] 

38 i 

120 

K 



Alundum 

Vitrified 

Gages (XT. S. thread, me- 







dium pitch), grinding 
threads 

',38 

220 

M 



Alundum 

Vitrified 

Gages (U. S, thread, fine 







pitch), grinding threads 
Gears (cast iron), clean- 

38 

220 

M 



Alundum 

Vitrified 

ing between teeth (off- 
hand), .. .... . ...... . . 

37 

36 

R 

0 

R 

Crystolon 

Rubber 

Gears (hardened steel) ; 





Form precision grind- 








,,, ing.'. 

38 

60 

K 

5 

B 

Alundum 

Vitrified 


SIO GRINDING, PONING, AND LAPPING 
Norton Grinding-Wheei, Recommendations.— C o«W««ed! 


Work-— Material- 
Operation 

1 

1 

§ 

0 

1 

1 

1 

0 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 


<5 

0 

0 

CO 

ffl 



Gears (hardened steel) 








ConL : 

Generative precision 


1 






grinding 

38 

60 

J 

1 5 

B 

Alundum 

Vitrified 

Internal | 

Surfacing (caps and 

38 

46 

46 

L 

L 

S 


Alundum 

Alundum 

Alundum 

Vitrified 

Vitrified 

cylinders) 

Surfacing (straight 

38 

30 

I 

8 

B 

Vitrified 

Alundum 

wheels).. 

38 

46 

T 

S 

B 

Vitrified 

Gears (untreated) 

Glass (tubing): 

38 

24 

M 

5 

B 

Alundum 

Vitrified 

Cutting-off (low speed, 






Crystolon 


wet) 

37 

120 

R 

0 

R 

Rubber 

Cylindrical. 

37 

36 

J 

6 


Crystolon 

Vitrified 

Internal. ............. 

37 

60 

H 

9 


Crystolon 

Vitrified 

Nicking. 

Glass (windshield): 

37 

180 

S 



Crystolon 

Vitrified 

Rounding corners 


150 

N 



Alundum 

Vitrified 

Semipolishing edges. . . 
Granite: 

i 

■■■ ' ! 

ISO 

N 



Alundum 

Vitrified 

Copini^. 

Surfacing and mould- 

37 

24 

0 

3 . 

T 4 

Crystolon 

Bakelite 

ing 

37 1 

40 

K 



Crystolon 

Vitrified 

Surfacing (portable). . . 
Guide bars: 

37 

14 

J 

S 

T2 

Crystolon 

Bakelite 

Surfacing (segments or 








cylinders) 

Surfacing (straight 


16 

M 

8 

B 

Alundum 

Vitrified 

wheels).... 


24 

K 

8 

B 

Alundum 

Vitrified 

Hammers (claw): 







Grinding between claws 


46 

R 

0 

R 

Alundum 

Rubber 

Neck grinding 

Housing (automobile axle): 


24 

0 

s 


Alundum 

Vitrified 

Cylindrical 


46 

N 

s 

B 

Alundum 

Vitrified 



14 

R 

; 7 

B 

Alundum 

Vitrified 


14 

R 

4 

T2 

Alundum 

Bakelite 

Surfacing (segments).. 
Knives (machine): 


10 

0 

8 

B 

Alundum 

Vitrified 

Chipper and barker. 








sharpening 


36 

K 

S 

B 

Alundum 

Vitrified 

Hog, sharpening 

Leather fleshing, sharp- 


36 

K 


B 

Alundum 

Vitrified 

ening (bricks) 

Leather shaving, sharp- 


36 

P 

5 

B 

Alundum 

Vitrified 

ening — cylindrical. . . 
Leather splitting, sharp- 


SO 

P 

8 

B 

Alundum 

Vitrified 

ening 


30 

J 

3 

L 

Alundum 

Shellac 

Moulding, offhand 







sharpening 


36 

N 

S 

B 

Alundum 

Vitrified 

Machine, sharpening . . 


36 

J 

5 

:B ■ i 

Alundum 

Vitrified 

Paper, sharpening 


36 

J 

S 

B 

Alundum 

Vitrified 

Section, bevelling 


36 

M 

5 

B ■ i 

Alundum 

Vitrified 

Surfacing backs. ...... 


46 

J 

S 

B. 1 

Alundum 

Vitrified 

Sugar beet, routing 


46 

0 

3 

'L , 

Alundum ■ 

Shellac 

Veneer, sharpening. . | 

19 

36 

36 

1 

S 

B 

S 

Alundum 

Alundum 

Vitrified 

Silicate 




WORE AND WHEELS 


Norton Grinding-Wheel Recommendations . — Continued 


Work— Material- 
Operation 


Links Gocomotive), ma- 
chinegrinding 

Machine-shop grinding, 

general offhand 

Malleable iron, annealed: 
Snagging (slow speed). 
Snagging (high speed). 
Snagging (unicast wh. ) . 
Malleable iron, annealed: 
Snagging (slow speed) . 

Snagging (unicast) 

Metallographic speci- 
mens: 

ist operation 

2d operation. 

3d operation. 

Monel metal: 

Cutting-off 

Snagging 

Cylindrical. 

Needles, pointing. 

Nitralloy: 

Before nitriding 


After nitriding. 


Pipe (cast iron), inter- J 

nal) ( 

Pipe (soft steel): 

Cutting-off. 

Internal 

Piston pins: 

Centerless machine 

Roughing 

Semifinishing • 

Finishing 

Piston rings (cast iron or 
semisteel); 

Surfacing rough (cylin- 
ders). .. 

Surfacing (straight 

wheels) 

Internal (snagging) .... 
Piston rods (locomotive), 

cylindrical. 

Pistons (aluminum): 

Cylindrical 

Centerless. . . . . . , . . . . . 

Regrinding. .......... 

Pistons (cast iron); 

Cylindrical. 

Centerless 

Regrinding. .......... 

Plows (steel): 

Surfacing 

Fitting 

Edging and jointing. , , 


Grain 

j Grade 

Structure 

Bond 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 

36 

0 

S 

B 

AJundum 

Vitrified 

30 

P 

S 

B 

Alundum 

Vitrified 

16 

R 

7 

B 

Alundum 

Vitrified 

16 

0 

4 

T2 

Alundum 

Bakelite 

20 

0 

8 

B 

Alundum 

Vitrified 

16 

T 

S 


Crystolon 

Vitrified 

16 

R 

S 


Crystolon 

Vitrified 

46 

N 

3 

L 

Alundum 

Shellac 


N 



Crystolon 

Vitrified 

X.F 

M 



Crystolon 

Vitrified 

36 

P 

8 

T2 

Alundum 

Bakelite 

24 

p 

S 

B 

Alundum 

Vitrified 

46 

L 

5 

B 

Alundum 

Vitrified 

70 

0 



Alundum 

Vitrified 

36 

J 



Alundum 

Vitrified 

100 

I 



Crystolon 

Vitrified 

60 

H 

8 

B 

Alundum 

Vitrified 

14 

T 

5 


Crystolon 

Vitrified 

16 

R 

4 

T3 , 

Crystolon 

Bakelite 

36 j 

S 

8 

T2 

Alundum 

Bakelite 

20 

P 

I 


Alundum 

Vitrified 

60 

■ M 

S 

B 

Alundum 

Vitrified 

60 

M 

5 

B 

Alundum 

Vitrified 

320 

N 

8 

L 

Crystolon 

Shellac 

30 

H 

8 

B 

Alundum 

Vitrified 

SO 

L 

S 

B 

Alundum 

Vitrified 

36 

R 



Crystolon 

Vitrified 

46 

M 

5 

B 

Alundum 

Vitrified 

36 

J 

7 


Crystolon 

Vitrified 

46 

I 

S 


Crystolon 

Vitrified 

46 

K 

S 


Crystolon 

Vitrified 

36 

K 

7 


Crystolon 

Vitrified 

46 

J 

6 


Crystolon 

Vitrified 

46 

K 

5 


Crystolon 

Vitrified 

20 

s 

S 

B 

Alundum 

Vitrified 

24 

R 

7 

B 

Alundum 

Vitrified 

16 

S 



Alundum 

Vitrified 


2 GRINDING, HONING, AND LAPPING 

Norton Grinding-Wheel Recommendations. — Continued 


Nork' — Material-— 
Operation 

*1 

1 

’i 

1 o 

ca 

5 

1 

CO 

1 

0 

: W 

Abrasive 

(Trade 

Mark) 

Bonding 

Process 

vs (chilled iron), all 
operations, wet 


20 

R 

7 

B' ■ i 

Alundum 

Vitrified 



20 

N 

s 

B 

Alundurh 

' VitrifiS 

eys (cast iron): 
ylindrical, 

37 

30 

J 

8 


Crystolon 

Vitrified 

.ou§:h with pulley 
gnnder (cylinder 

wheel). 

inish with pulley 

37 

24 

I 

8 


Crystolon 


Vitrified 


grinder (cylinder 

wheel) 

Ls (surfacing welds): 


¥ 

N 

0 

R 

Alundum 

Alundum 

j Rubber 

/"heels (slow speed). . . 


24 

R 

S 

B 

Vitrified 

/"heels (high speed) . . . 


l6 

Q 

4 

T3A 

Alundum 

Bakelite 

ricks. J 


24 

M 

s 

B 

Alundum 

Vitrified 


i6 

N 

s 

B 

Alundum 

Alundum 

Vitrified 

ors (straight) : 

urring 


46 

P 

5 

B 

Vitrified 

ide of tang. 


60 

0 

.■> 

B 

Alundum 

Vitrified 

Oncaving. 

houlders (shaping aft- 


60 

P 

8 

B 

Alundum 

Alundum 

Vitrified 

er hardening) 


120 

M 


B 

Vitrified 

dging (roughing) 

38 

80 

K 

6 

Alundum 

Vitrified 

dging (finishing) 

;ors (safety), sharpen- 

220 

J 

S 

L 

Alundum 

Shellac 



,mers: 


220 i 

N 

s 

L 

Alundum 

Shellac 

acking off 

38 

46 

K 

5 

B 

Alundum 

Vitrified 

:ylindrical 

38 

46 

M 

5 

B 

Alundum 

Vitrified 

luting 

38 

46 

L 

' 5 

B 

Alundum 1 

Vitrified 

e barrels, cylindrical. . 
1 (automobile): 

46 

M 

5 

B 

Alundum 

Vitrified 


.emoving welds (high 
speed);. ... 


20 

R 

0 

R 

Alundum 

Rubber 

rrooving. 


24 

R 


R 

Alundum 

Rubber 

ler bearing cups: 
Centerless O.D. 


80 

L 

7 

B 

Alundum 

Vitrified 

iternal 

lers for bearings: 


70 

N 

S 

B 

Alundum 

Vitrified 

Centerless — ^roughing. . 


80 

0 


B 

Alundum 

Vitrified 

finishing.. 


90 

R 


R 

Alundum i 

Rubber 

Is (brass or copper): 
Cylindrical — ^roughing . 

37 

46 

L 

. i 

3 1 

L 

i 

Crystolon 

Shellac 

finishing. 

37 

100 

I 

9 ! 


Crystolon 

Vitrified 

Is (cast iron): 
Cylindrical (rough) . . . . 

37 

30 

K 

1 

. 5 ■ 


Crystolon 

Vitrified 

Cylindrical (finish) . . . . 

37 

80 

J 

7 


Crystolon 

Vitrified 

Is (alloy chilled iron). . 
Is (chilled iron): 
‘arrell-type machine 

37 

26 

0 

4 

T2 

Crystolon 

Bakelite 

Roughing. ... . .... | 

37 

30 

L 

S 

L 

Crystolon 

Shellac 

37 

36 ! 

L 

5 

T2 

Crystolon 

Bakelite 

Finishing. 

rorton-type machine 

37 

70 i 

J 

4 

L 

Crystolon 

Shellac 

Cylindncal (hot- 








plate rolls) 

Cylindrical (dryer 

37 

24 

N 

s : 


Crystolon 

Vitrified 

rolls) . . ......... . 

37 

46 

J 

6 


Crystolon 

Vitrified 
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Work — Material-- 

(U 

Grain 


<D 

1 


Abrasive 

(Trade 

Mark) 

Bonding 

Operation 

1 

5 

m 

Bond 

Process 

Rolls (hard rubber): 








Cylindrical (rough and 








finish)... 

37 

36 

K 

5 


Crystolon 

Vitrified 

Rolls (soft rubber): 





Cylindrical (rough) .. . 

37 

24 

K 

S 

T2 

Crystolon 

Bakelite 

Cylindrical (finishing). 
Rolls (steel, hardened): 

37 

60 

K 

S 

T2 

Crystolon 

Bakelite 

Farrell-type machine 








Roughing 


80 

M 

s 

L 

Alundum 

Shellac 

Finishing 

Norton-type machine 

37 ‘ 

320 

X 

8 j 

L 

Crystolon 

Shellac 

■ Cylindrical 

Cylindrical (polish- 

38 

46 1 

L 

S 

B 

Alundum 

Vitrified 

m^). 

37 

500 i 

1 

9 

L 

Crystolon 

Shellac 

Rubber (inking rolls). . . . 
Sad irons: 

37 

60 

K ! 

S 

T2 

Crystolon 

Bakelite 

Surfacing (cups and 








cylinders) 

38 

14. 

I 

8 

B 

Alundum 

Vitrified 

• Surfacing (offhand) .... 

37 

16 

N ' 

S 


Crystolon 

Vitrified 

Snagging 

Safes: 

Snagging .... 

37 

16 

Q 

5 


Crystolon 

Vitrified 


16 

P 

■ 

S 

B 

Alundum 

Vitrified 

Surfacing. 


20 

0 

8 

B 

Alundum 

Vitrified 

Sand cores, cutting-off. . . . 

37 

24 

P 

S 

T2 

Crystolon 

Bakelite 


19 

46 

M 



Alundum 

Vitrified 

Saws (band), gumming. < 

46 

36 

M 

0 

s 

7 

B 

T 

Alundum 

Alundum 

Vitrified 

Bakelite 

i 


30 

0 

3 

L 

Alundum : 

Shellac 

Saws (circular), gum-( 

19 

46 

M 



Alundum ^ 

Vitrified 

ming. \ 

46 

M 

S 

B 

Alundum ■ 

Vitrified 

Saws (metal cutting), 







gumming. 



P 



Alundum 

Vitrified 

Scissors and shears (cast 








iron): 

Surfacing sides of 








blades 

37 

100 

S 



Crystolon 

Vitrified 

Scissors and shears (steel) : 






Surfacing sides of 








blades (cyl.) 

Grinding, fiash from 


ISO 

0 

s 

V 

Alundum 

' Shellac 

bows. 


46 

p 



Alundum 

j Vitrified 

Pointing and shaping . . 


so 

0 



Alundum 

Vitrified 

Grinding neck or corner 


120 

N 

s 


Alundum 

Shellac 

Strike-cutting edges , . . 
Resharpening (small 


120 

M 



Alundum 

Vitrified 

wheels)..... 

38 

roo 

M 

8 

B 

Alundum 

Vitrified 

(large wheels) 

100 

M 


S 

Alundum 

Silicate 

Shovels, edging 

Spline shafts: 


30 

R 

7 

B 

Alundum 

Vitrified 

Centerless. 


. SO 

N 

s 

B 

Alundum 

Vitrified 

Cylindrical. . ......... 


SO 

0 

s 

B 

Alundum 

Vitrified 

Surfacing splines. . . . . . 

Springs (leaf): 


SO 

L 

s 

B 

Alundum 

Vitrified 

Grinding ''eyes. . . . . . . . 


20 

P 

'■ . 

B 

Alundum 

Vitrified 

Chamfering. . 
Springs (coil ) , squaring 


20 

{■S' 



Alundum 

Vitrified 

e'nds-^mall. . . > . . 


30 

0 

1 '^ S'' 

B 

Alundum 

Vitrified 

large ...... 


16 

: N 

; s. 

B 

Alundum 

Vitrified 
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Work — ^^Material — • 
Operation 

Abrasive 

Grain 

Grade 

Structure 

Bond 

Abrasive 

1 (Trade 
Mark) 

Bonding 

Process 

Steel (hardened): 
Centerless 

38 

60 

U 

5 

B 

Alundum 

Vitrified 

Cylindrical 

38 

46 

h 

5 

B 

Alundum 

Vitrified 

Surfacing (cups and 
cylinders) 

38 

30 

G 

S 

B 

Alundum 

Vitrified 

Surfacing (straight 

wheels) 

38 

36 

H 

8 

B 

Alundum 

Vitrified 

Cutting-off 

46 

0 

S 

T2 

Alundum 

Bakelite 

Internal 

Steel (soft): 

Centerless 

38 

60 

60 

J 

M 

S 

B 

Alundum 

Alundum 

Vitrified 

Vitrified 

Cylindrical 


46 

N 

S 

B 

Alundum 

Vitrified 

Surfacing (cups and 
cylinders) 

38 

16 

K 

8 

B 

Alundum 

Vitrified 

Surfacing (straight 

wheels). 

38 

36 

L 

8 1 

B 

Alundum 

Vitrified 

Cutting-off 

24 

S 

8 

T2 

Alundum 

Bakelite 

Internal grinding 

Steel (high speed): 

Centerless. ........... 

38 

46 

60 

L 

L 

S 

B 

Alundum 

Alundum 

Vitrified 

Vitrified 

Cylindrical. 

38 

46 

L 

5 

B 

Alundum 

Vitrified 

Surfacing (cups and 
cylinders) 

38 

46 

G 

8 

B 

Alundum 

Vitrified 

Surfacing (straight 

wheels). ............ 

38 

46 

H 

8 

B 

Alundum 

Vitrified 

Cutting-off 

46 

0 

8 

T2 

Alundum ; 

Bakelite 

Internal. i 

Highspeed.... 

38 

46 

14 

i 

4 

T2 

Alundum i 
Alundum 

Vitrified 

Bakelite 

Snagging (unannealed 
billets) 

Slow speed 


16 

P 

S 

B 

Alundum 

Vitrified 

High speed 


16 

M 

2 

T2 

Alundum 

Bakelite 

Steel (stainless): 

Centerless.. 

37 

SO 

M 

9 


Crystolon 

Vitrified 

Cylindrical. 

37 

46 

M 

5 


Crystolon 

Vitrified 

Surfacing i 

38 

36 

H 

8 

B 

Alundum 

Vitrified 

Cutting-off. * 

36 

Q 

8 

T2 

Alundum 

Bakelite 

Snagging (billets, high 
speed)..... .j 


12 

S 

4 

T3A 

Alundum 

Bakelite 

Steel castings (low car- 
bon); j 

Swing frame (high 
speed) ............. 


14 

0 

i 

4 

T2 

Alundum 

Bakelite 

Floor stand (high 
speed). 


20 

P 

4 

T2 

i 

Alundum 

Bakelite 

Steel castings (manga- 
nese): 

(see also Progs and 
Switches) j 

Snag^ng (high-speed i 
swing frame). 1 


14 

R 

4 

j 

■ 

Ts 

Alundum 

Bakelite 

Snagging (high-speed 
floor stand). ....... . 

Stellite: 

Cylindrical. .......... 


20 

Q 

4 

T2 

Alundum 

Bakelite 


46 

M 

S' 

B 

Alundum 

Vitrified 

Offhand (tools) ........ 


46 

N 

S : 

B 

Alundum 

Vitrified 
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, Work — Material — 

Operation 

Abrasive 

Grain 

Grade 

Structure 

Bond 

Abrasive 

(Trade 

Mark) 

Bonding 
Process . 

Stellite ConL: 








Surfacing (cups and 








cylinders).. 


SO 

G 

8 

B 

Alundum 

Vitrified 

Surfacing (straight 








wheels ) 

38 

46 

H 

8 

B 

Alundum 

Vitrified 

Drills (pointing — ma- 








chine) 

38 

46 

L 

5 

B 

Alundum 

Vitrified 

(pointing — hand) 


60 

M 

5 

B 

Alundum 

Vitrified 

Cutting-off (low speed). 


60 

P 

7 

T2 

Alundum 

Bakelite 

Tool and cutter 

38 

46 

J 

S 

B 

Alundum 

Vitrified 

1 Stove parts (cast iron); 








Snagging. ........ 

37 

24 

T 

S 


Crystolon 

Vitrified 

Taps: 








Squaring ends 


60 

N 

5 

B 

Alundum 

Vitrified 

Grinding relief .... 

38 

80 

1 

6 

B 

Alundum 

Vitrified 

Fluting (small taps) . . . 


60 

R 


R 

Alundum 

Rubber 

(large taps) ... . 

38 

46 

L 

5 

B 

Alundum 

Vitrified 

Threading 

38 

ISO 

L 



Alundum 

Vitrified 

Shanks (cylindrical) . . . 

38 

80 

M 

6 

B 

Alundum 

Vitrified 

Tools (lathe and planer) : 








(Carbon and H.S.S.) 








Light (offhand) 








roughing. 


36 

0 

5 

B 

Alundum 

Vitrified 

1 finishing 


60 

N 

5 

B 

Alundum 

Vitrified 

Heavy (offhand) 


30 

0 

S 

B 

Alundum 

Vitrified 

Heavy (large wheels) 


24 

P 


S 

Alundum 

Silicate 

Automatic (cup 








wheel)... 


24 

M 

5 

B 

Alundum 

Vitrified 

Automatic (straight 








wheel) 


24 

M 

S 

B 

Alundum 

Vitrified 

Fixture grinding .... 

38 

46 

K 

S 

B 

Alundum 

Vitrified 

, (see also Tungsten Car- 








, bide Alloys) 








Tubes (steel): 








Centerless. 


60 

N 

5 

B' 

Alundum 

Vitrified 

Cutting-off 


60 

R 

2 

RiD 

Alundum 

Rubber 

Tungsten and tantalum 








carbide alloys: 








Offhand roughing 

37 

60 

I 

9 


Crystolon 

Vitrified 

Offhand semifinishing. . 

37 

80 

H 

9 


Crystolon 

Vitrified 

Offhand finishing 

37 

100 

H 

9 


Crystolon 

Vitrified 

Fixture grinding (semi- 








offhand) 








! Rough sellers 

37 

60 

I 

9 


Crystolon 

Vitrified 

Gisholt. 

37 

60 

I 

9 


Crystolon 

Vitrified 

Sundstrand 

37 

60 

F 

9 


Crystolon 

Vitrified 

Semifinish sellers. . 

37 

80 

I 

9 


Crystolon 

Vitrified 

Gisholt 

37 

80 

H 

9 


Crystolon 

Vitrified 

Sundstrand. ...... 

37 

90 

F 

9 


Crystolon 

Vitrified 

Surface grinding 








(B & S type) dry 


. ■ 






Rough (tungsten) f 

37 

80 

G 

9 


Crystolon 

Vitrified 


37 

60 

H 

9 

j 

Crystolon 

Vitrified 

Finish (tungsten). 

37 

100 

G 

9 


Crystolon 

Vitrified 

Rough (tantalum). 

37 

80 

G 

9 


Crystolon 

Vitrified 

Finish (tantalum). 

37 

100 

F 

9 


Crystolon 

Vitrified 

Hydraulic (wet) 





■■ "'i 
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Norton Grinding-Wheel Recommendations.-- 


g 

Work — Material— 'g 

Operation d 

Grain 

( 3 rrade 

Structure 

Bond 

Abrasive 

(Trade 

Mark) 

Bonding 

Process’ 

Tungsten and tantalum 







carbide alloys Cont.: 







Rough 37 

60 

I 

9 


Crystolon 

Vitrified 

Finish 37 

100 

H 

9 


Crystolon 

Vitrified 

Form grinding 37 

100 

H 

9 


Crystolon 

Vitrified 

Sharp angles 37 

380 

H 

9 


Crystolon 

Vitrified 

Backing-off. 37 

; 60 

H 

9 


Crystolon 

Vitrified 

Milling cutters 







(cups). 37 

80 

G 

9 


Crystolon 

Vitrified 

Milling cutters — 







straight wheels 37 

60 

I 

9 


Crystolon 

Vitrified 

Cylindrical 







Rough 37 

60 

I 

9 


Crystolon 

Vitrified 

Finish 37 i 

100 

H 

9 


Crystolon 

Vitrified 

Internal ........ 37 

46 

K. 

8 


Crystolon 

Vitrified 

Lapping (C. I. plate) 

280 




Norbide* 







Grain 


Lapping— coarse 

100 




Diamond 

Bakelite 

Lapping — medium . . 

200 




Diamond 

Bakelite 

Lapping— fine. 

320 




Diamond 

Bakelite 

Centerless. 37 

80 

I 

9 


Crystolon 

Vitrified 

Tungsten rods; 







Cutting-off.. 

ISO 

R 

7 

RiD 

Alundum 

Rubber 

Centerless 37 

60 

J 

9 


Crystolon 

Vitrified 

Valve seat inserts; 







Cast iron (roughing) . . . 37 

46 

M 



Crystolon 

Vitrified 

Alloy steel (roughing) . . 38 

60 

N 

6 

B 

Alundum 

Vitrified 

Stellite (roughing) 38 

80 

I i 

8 

B 

Alundum 

Vitrified 

All seats (finishing). ... 37 

ISO 

h i 



Crystolon 

Vitrified 

Valve tappets: 







Facing (special tappet 







grinder)... 38 

60 

L 

S 

B 

Alundum 

Vitrified 

Centerless. ....... 

80 

P 

8 

B 

Alundum 

Vitrified 

Cylindrical.... — .... 

46 

M 

S ■ 

B 

Alundum 

Vitrified 

Valves (automobile): 







Grinding seats. 

So 

0 

S 

B 

Alundum 

Vitrified 

Cylindrical grinding 







stems 

46 

N 

s 

B 

Alundum 

Vitrified 

Cutting-off stems. 

30 

W 

7 

%3 

Alundum 

Bakelite 

Centerless grind stems. 

60 

0 

s 

B 

Alundum 

Vitrified 

Welds: 







Smoothing f 24 

24 

R 

4 

T2 

Alundum 

Bakelite 

(high speed). | 

20 

R 

0 

R 

Alundum 

Rubber 

Smoothing (slow speed) 

24 

0 

8 

B 

Alundum 

Vitrified 

Wood (hard), centerless. . 37 

24 

K 



Crystolon 

Vitrified 

Worms, grinding threads. 38 

36 

L 

S 

B 

Alundum 

Vitrified 

Wrenches, snagging. ..... 

24 

0 

S 

B 

Alundum 

Vitrified 

Wrought iron, snagging . . 

16 

R 

7 

B 

Alundum 

Vitrified 


* Trade mark registered, P. S. Patent Office for Norton Boron Carbide, 
B4C. ■ ■ ■ ■ 


I * GRim>ING ALLOWANCES FOR VARIOUS LENGTHS 

I AND' DIAMETERS ; , , 

II The following table gives the allowances of the Brown & Sharpe 

II Mfg. Co. in rough turning work for the grinding department. Limit 

II gages of the “snap” type are used, the dimensions in the table 

I covering work up, to 2 inches diameter. 


11 


MAGNETIC CHUCKS 


5x7 


Limit Gage Sizes toe Lathe Work Which Is to Be Finished 
BY Grinding 

Brown & Sharpe Meg, Co. 


Size 

Not go 
on 

Go on 

Size 

Not go 
on 

Go on 

Size 

Not go 
on 

Go on 

Inches 

Inches 

Inches 

•I 

0.383 

0.387 


0 . 94 SS 

0.9495 


1 .508 

1.512 


0 . 44 SS 

0.4495 

I 

1.008 

X.012 

I iV 

1.5705 

I . 5745 


0.508 

0.512 

Ilk 

I. 070s 

I . 0745 


1.633 

1 .637 

'h 

0,5705 

O.S 74 S 

1 1 

1. 133 

1.137 


1.6955 

I . 699s 

I 

0.633 

0.637 

I fir 

I . 1955 

I . 1995 

I 1 

1.758 

1.762 

1-1 

0.6955 

0.699s 

I 1 

1.258 

1.262 


1.820s 

1 . 824s 

1 

0.758 

0.762 

I A 

I. 320s 

1.324s 

I i 

1.883 

1.887s 

n 

0.820s 

0.824s 

^ 1 

1.383 

1.387 

lU 

I . 9455 

1.949 

1 

0.883 

0.887 

I* 

I -4455 

I . 4495 

2 

2.008 

2.012 


MAGNETIC CHUCKS 

Magnetic chucks have come to be a very necessary part of the 
equipment of any surface-grinding machine, whether plain or 
rotary. Before their coming it was customary to bed thin work in 
wax on the platen of a grinder in order to finish the fiat sides. Other 
flat work had to be held in ‘‘fingers’^ on special fixtures, and on 
account of their being very thin and easily sprung, it was difficult 
to secure really accurate work. 

The magnetic chuck holds the thinnest pieces of iron or steel 
firmly, draws down any slight spring in the work, and prevents 
springing when strains are released during the grinding operations. 

The chuck face is divided into magnet poles, separated by babbitt, 
or other nonmagnetic metals, and coils of insulated wire from these 
poles into electromagnets when current is applied. For rotary 
work, the electric current is supplied by brushes running against 
insulated contact rings on the outside. Current can be supplied 
from any incandescent-lamp socket on a direct-current circuit. 

AUernating current cannot he used. 

A chuck having a face 10 X 14 inches uses about one-half as 
much power as a 16 candle-power lamp. 

Hints for Using Magnetic Chucks 

The chucks should not be taken apart. 

Nothing but iron or steel can be held on the chucks. 

The holding power depends on the amount of work surface in con- 
tact with the chuck. 

Work can be held on edge by using adjustable back rest. 

Very thin work can be held for grinding on the edges by laying it 
against the back rest and backing it up with a paraUel strip. 

Thin work will not hold so well as thick work. 

In packing a number of small pieces on a chuck at one setting, it 
is better to separate them a little with strips of non-magnetic 
material. 
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Do not plug up the vent holes in the chuck. 

Keep water away from the switch, the brushes, and the interior of 
the chuck. 

Magnetic chucks do not take the place of all other chucks. 

Do not use water on chucks except where they are made for it. 

Chucks are usually wound for no or 220 volts /or direct ctirrmt 
only. 

Permanent-Magnet Chucks 

Permanent-magnet chucks, which avoid the necessity for any 
electrical connections, are made by the Brown & Sharpe Mfg. Co. 
Special alloy magnets are strong enough for grinding operations and 
for light lathe work, when made in round form. A movable chuck 
face by-passes the magnetic flux when the handle is turned to the 
'‘ofl^Vposition. 

After placing the work, a movement of the handle sends the mag- 
netic flux through the work. The amount of holding power can be 
varied by the position of the handle. With the face of the chuck 
partially energized, the work can be easily tapped into exact posi- 
tion. With wet grinding there is no danger of damaging the chuck 
in any way. 

CENTERLESS GBiroiNG 

Modern centerless grinding machines comprise a high-speed 
grinding wheel and an opposed slowly moving regulating wheel 
forming a grinding throat. A work rest suitably supports the work 
in this throat and the several parts are relatively adjustable for 
different sizes and varieties of work. 



Fig. 13. — Centerless Grinding 


The action of the grinding wheel forces the work against the 
work rest owing to the cutting pressure and also against the regu- 
lating wheel by virtue of what may be called the ‘‘cutting contact” 
pressure. This pressure, aided by the gravity component of the 
work, keeps the piece being ground in contact with the regulating 
wheel. This wheel provides a continuously advancing frictional 
surface ensuring constant and uniform rotation of the work at the 
same peripheral velocity as that of the regulating wheel. 

Average roughing cuts are from 0.005 to 0.008 inch per pass, and 
finishing cuts range from 0.003 to 0.0015 inch per pass. When 
work is relatively straight but out of round, the regulating wheel 





should be set at a slight angle, giving a small lap per revolution. 
When pieces are warped, as from hardening, an angle of s or 6 
degrees will give a wide lap per revolution and straighten the work. 
With the proper angle for best results, the speed of the regulating 
or feed wheels should be increased to the limit established by the 
requirements of accuracy and production. 

There are three main classes of centerless grinding, namely, 
through-feed, in-feed, end-feed. 

) Through-Feed 

Through-feed grinding is accomplished, as the name implies, by 
passing the work through or between the grinding and regulating 
wheels. Grinding takes place as the work passes from one side 
of the wheels to the other. Obviously, since all points on the work 
I pass all contact points between the wheels, only straight cylindrical 
surfaces without interfering shoulders can be ground by this method 

The axial movement of the work past the grinding wheel is 
imparted by the regulating wheel. 

Machine is arranged in such a manner that the regulating wheel 
can be swung about a horizontal axis from zero to 7 or 10 degrees 
relative to the axis of the grinding-wheel spindle. 

The speed of the regulating wheel and the diameter of the regulat- 
ing wheel also influence the feeding rate of the work. It is often 
necessary to pass work between the wheels more than once. The 
number of passes is determined by the amount of stock to be 
removed, the condition of the work as to roundness and straight- 
ness, the quality of the material, and the limits of accuracy required. 

With this method there is a fixed relation between the grinding 
wheel, regulating wheel, and the work-supporting blade. The 
wheels are adjusted so that the distance between their active sur- 
faces, together with the height of the work blade, determines the 
diameter of the ground piece. The centers of the wheels are sta- 
tionary during grinding operations and require slight readjustments 
from time to time to compensate for the wear of the grinding wheel. 

A work rest or fixture, which provides means for holding the 
blade, incorporates adjustable guides, to both the front and rear 
of the wheels. These guides must be accurately aligned with the 
regulating wheel face to insure the work traveling in a straight line. 

In-Feed 

In-feed method is usually employed when grinding work that 
has a shoulder, head, or some portion larger than the ground 
diameter. The same method is used for the simultaneous grinding 
of several diameters of the work as well as for finishing pieces with 
taper, spherical, or any other irregular profile. 

In general, this method corresponds to the plunge-cut or form 
grinding on the center-type grinder. 

The length of the section or sections to be ground in any one 
operation is limited by the width of the grinding wheel. 

As there is no relative axial movement of the work, the regulating 
wheel is set with its axis approximately parallel to that of the 
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grinding wheel. A slight angle is maintained to keep work tiVKf 
against an end stop. ^ 

End-Feed 

Th^e end-feed method is used only on taper work. The grinding 
wheel, the regulating wheel, and the blade are set in a fixed relaS 
to each other, and the work is fed in from the front, manuaUv or 
mec^mcally, to a fixed-end stop. Either the grinding or^thl 

re^tmg wheel, or both, are dressed to the proper taper.^ “ 

_ Regardless of the method employed, the grinding of the smaller 
size work can be assisted by use of a magazine, gravity chute nr 

ofsSl deWces^"'"'^'^®'^ 

_ The increa,se in the application of the centerless method of grind 
mg to precision work is directly due to the following factors- 

1. Saving m cost effected by the elimination of the centerinir 

operation. vv.xn,cnxig 

2, Owing to the complete support of the work, the grinding wheel 
can be made to remove metal at maximum efficiency. 

cycle of or nongrinding time in the grinding 

4. The centerless-grinding method permits work to be rounded 
up with approximately half the surplus stock necessary for other 
types of cylindrical grinding which materially reduces the wheel 
cost per piece ground. ^ 

The modern centerless grinding machine sizes on the diameter 
and not on the rachus, thereby automatically doubling the factor 
of safety in securing precision. On in-feed or plunge-cut work 
the control of s^e is obtained by the utiUzation of the princinle 
of leverage apphed at a considerable radius terminating in a dead 

The design of the madiine and the class of work on which it is 
generally employed lend themselves favorably to the application 
of automatic-hopper feeds for both through-feed and in-feed wLk. 
Another factor is the automatic compensation for grinding-wheel 
wear, by which means the size of work produced is automatically 
mmntained within extremely close limits of accuracy. Centerless 
gnnding machines are now made for internal work, which is revolved 
between two wheels whUe an internal spindle does the work. 

INTERNAL GRINDING 

Recommended Stock Conditions for Internal Grinding* 

There are many factors which govern conditions of holes, such 
as_sfaaightness, out-of-roundness, eccentricity with the locating 

^ hole. However, 

.-r, following will be helpful for use under general 

st(S-k ^ T'H'-® ground in large quantities and 

stock and heat-treatmg conditions are carefully controUed, less 
Stock may be left in order to reduce the cost of grinding. The 
figures are for the stock left in the holes as they come to the grinder, 

1 Lewis A. Hastings. 
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whether soft or heat-treated, and for lengths two to three times 
the diameter. Longer holes usually require more stock, as do 
out-of-round holes and those that are not true with the finished 
hole to be produced. 


Hole 

Diameters, 
IN Inches 


I 

li 

2i 

4 

6 

8i 


i to 
A to I 
I to I 
to li 
to 2 J 
to 4 
to 6 
to 

to 10 


Recommended 
Stock Left 
FOR Grinding, 
IN Inches 
0.005 to 0.007 
0.006 to 0.008 
0.008 to 0.010 
0,010 to 0.012 
0.012 to 0.015 
0.015 to 0.018 
0.020 to 0.025 
0.025 to 0.030 
0.030 to 0.035 


The Importance of Truing Wheels 

The proper truing of grinding wheels is often neglected in internal 
grinding, even though it is of major importance. Wheels dressed 
or trued by tools held in the hand or not rigidly supported are not 
true in contour and the cutting surface is not parallel to the finish • 
surface being ground, nor do such dressed wheels run in proper 
balance. Wheels dressed in this way will not cut free or produce 
the finish required. 

To true or dress wheels properly for internal grinding, fixed 
diamonds are usually the most satisfactory and the truing member 
should be securely clamped and the wheel passed by the truing 
member with a uniform feed. Power-control feeds usually produce 
the best results. 


Wheel Width and Diameter 

It is general practice in internal grinding to use as short stubby 
wheel spindles as possible, and, where narrow surfaces are being 
ground, the wheel is usually permitted to uncover half the width 
of the work. However, where the width of the work is wider than 
the width of the wheel, the wheel usually withdraws from the hole 
half the width of the wheel. In this way, straight holes are 
obtained without bell mouthing. To aid in choosing the width 
of wheel for a given size of hole, the widths of wheel shown in the 
following table are recommended practice: 


Hole 

Diameters, 
in Inches 
i to ij 


I 

i| to 5 
5 to 10 


Suggested 
Width OF Wheel, 

IN Inches 

Use the nearest standard wheel 
shape that has a width approxi- 
mately equal to the wheel 
diameter 
I to if 
li to 2 


J 
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W tliere are short ports or openings in the hole being ground, 
wheels wide enough to span the openings will prevent grinding low 
places adjacent to the openings. Where the openings are too long 
to span with the wheel, narrow wheels will reduce the wheel pressure 
and produce more accurate surfaces. There is no definite rule 
which can be made to cover all conditions, as experience will 
determine the best wheel for a job. 

The following table has been prepared to aid in obtaining the 
proper diameter of wheel for a given size of hole. It will be noted 
that there are two columns given to wheel diameters. One is 
for the diameter of wheel to be purchased, and the other is the 
diameter to dress a new wheel to make suitable for gririding. The 
diameter to which the new wheel is dressed is the dimension of 
the wheel after the first dressing and is a suitable size to commence 
grinding with. However, when purchasing, it is necessary to secure 
the next largest standard wheel for holes of larger diameter than 
A the (iesired wheel. When the diameter of the wheel given is the 
size of the wheel before dressing, it is only necessary merely to true 
up the wheel in such cases. 


Diam- 
eter of 
Hole 
to Be 
Ground, 
Inches 


Diam- 
eter of 
Wheel 
to Pur- 
chase 



I 

i\ 

I; 

I' 

I 

!■ 


2 ... 






Diameter to Dress 
a New Wheel to 
before Grinding to 
Make Suitable 
for Grinding 


Diam- 
eter of 
Hole 
to Be 
Ground 


|^(round up only) 

I (round up only) 

il 

i (round up only) 

I (round up only ) 

1 (round up only) 

1 1 (round up onlyl 
1 1 (round up onlyj 
1 1 (round up only) 
1 1 (round up only] 
1 1 (round up only 
1 1 (round up only 
1 1 (round up only, 

2 (round up only) 
2i (round up only) 
2 1 (round up only) 


Diam- 
eter of 
Wheel 
to Pur- 
chase 



4 

4 

4 
4, 
4| 
4l 
4i 
4l 

5 


6f 

7 

7 

7 


Diameter to Dress 
a New Wheel to 
before Grinding to 
Make Suitable 
for Grinding 


(round up only) 
2 1 (roundup only) 

3 (round up only) 
3i (round up only) 
3 1 (round up only 1 
3 1 (round up only) 
3 1 (round up only) 
3 1 (roundup only) 

4 (round up only) 

4 (round up only) 

4 (round up only) 

4 (round up only) 
4i (round up only) 
4I (round up only) 
4t (round up only) 
4 1 (round up only) 

5 (round up only) 

si (round up only) 

6 (round up only) 

6 1 (round up only) 

7 (round up only) 

7 (round up only) 

7 (round up only) 


All measurements in inches. 

Cutting-Off Wheels 

Abrasive wheels for cutting are being used extensively for metals 
and for such materials as plastics, glass, porcelain, tile, asbestos, and 
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the like. Shellac, rubber, and resinoid bonds are used for these 
wheels. Some consider 2 inches as the maximum steel bar to be 
cut by this method, but some of the newer machines are cutting 
larger stock. Tubing is cut in much larger sizes. Shellac bonds 
are used in cutting tool steels. Wheels as thin as 0.005 inch are 
made with rubber bond for slotting pen nibs. Wheels 0.02 to 
0.025 inch thick are used for cutting tungsten rods, and glass tubing 
is cut with wheels 0.030 to 0.062 inch thick. Resinoid bonds permit 
speeds up to 16,000 surface feet per minute. 

Makers of cutting-off wheels should be consulted as to kind of 
wheel and the best speed for special materials and all unusual 
conditions. 

Diamond Grinding "V^eels 

Norton diamond wheels are made of diamond (bort) particles, 
held in a bakelite bond and are recommended only for extremely 
hard materials, such as carbide tools. Surface speeds of from 4,500 
to 6,000 feet are recommended, with table or work travel of from 
100 to 500 inches per minute. Cross feeds of 0.030 to 0.060 inch 
and vertical or w-feeds of 0.00025 to 0.002 inch are recommended. 
Unless ample coolant can be used, the surface speed of the wheel 
should not exceed 3,000 feet per minute. 

If wheels load or glaze from running dry, a light application of a 
pumice stick or fine abrasive cloth will remove the loading. A light 
lapping of the rim of a cup wheel with 320-grain crystolon abrasive 
and water on a cast-iron plate will give maximum sharpness and 
restore a plane surface. Light cuts on a surface of hard high-speed 
steel will true a straight wheel; 

A grinding compound sufficiently alkaline to prevent rusting is 
better than oil or clear water. Light spindle on can however be 
applied to the wheel by a wick where other means are not available. 
All wheels are of the same hardness but the grain sizes available are: 


No. 100 For fastest grinding and lapping. 

No. 220 For producing keen cutting edges. 

No. 320 For small finishing tools and fine finishes. 

No. 500 For extremely fine finishes. 


The maker suggests the following precautions: 

Mount the wheel so that it runs true. 

Keep the wheel on its individual collet until it is worn out. 

Use on extremely hard materials only. 

Undercut the steel shank on cemented carbide-tipped tools before grinding 
the carbide. 

Be sure the grinding face of the wheel is lubricated at all times. 

Dress the wheel if it should become loaded or glazed. 

Don’t attempt to true the wheel with a diamond. 

Don’t remove the wheel from its collet. 

Don’t operate the wheel dry. 

Don’t grind steel or other relatively soft, tough materials, except for a 
light finishing cut. 

POLISHING 

“Polishing’’ is a term commonly used to designate that branch 
of grinding which employs various types of yielding and cushion 
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wheels, and fl^ble belts, the surfaces of which are m,, j 

impregnated with some sort of abrasive. PoMsW t 

referred to as “flexible grinding.’^ “ ^ “ sometimes 

Flexible- vs. SoUd-Wheel Grinding 
It is not possible definitely to classify aU work which 

wogd have to be made in orR lefer^Xt tS SS 

In the manufacture of small parts from sheet or strin -i. 
has been found advantageous to polish the sheet.! nr 5+^- stock, it 

and the fabricated part requires only such ^itouch-un’’ nnU 
as may be necessary to remove sliffht drawino- nr cfo JP • 
Ai^omatic machines are now available for polishing shStmeT^f’ 
Parts or prfaces of irregular contour which require the 
of size or shape to approximate dimensions canTsuallv be 
economically on flexible wheels, provided the 
to be removed is not too great. Good examnleQ S 

of plows and the shaping of\les“^“® 
^As a rule flexible wheels tend to follow the oririnal rnnS' x 
the surface bemg ground, and, if it is necessaiy to SeriaUv rha'" 
the shape of a part, it is better to use solid whedl woft ^ v®^ 

Types of Wheels and Belts 

r. ~««»= -I 

tai * S '«“> »< m m 

on the corners “ te^ency to mush or round over 

“> «v«.i 

character, is very valuahl#- fAr^i^oT^- porous 

possible to makfMs UD to is 

this hide. It is used for certain fin? f^^^nr a smgje 
used in the silver and iewelrv?ra^A^^^'fl^?^®®i It is extensively 

dered abrasives appHed by^oSteSiTv rtf of Pow- 

forcing them into the pores or fibers of !hf leatfe" WaMs 


H 
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are occasionally used with the coarser abrasives glued on in the 
manner common to other wheels. 

Sheepskin wheels are made by cementing or sewing together 
discs of sheepskin. The cemented wheels are quite soft, but the 
sewed ones are even more so. These wheels are suitable for fine 
finishing and buffing of soft metals. The hand-sewed wheel is 
used extensively in the jewelry trade. 

Leather-covered wheels are made of laminated wood centers 
covered with a strip of ^‘back” leather, the best quality of the 
hide usually used in belting. These are in common use and are 
particularly adapted for flat work and for work where it is neces- 
sary to maintain sharp corner outlines. 

Leathers of various thicknesses and degrees of hardness can be 
used to suit individual conditions. 

Bull-neck wheels are made by cementing together discs of bull- 
neck leather of fairly uniform thickness. Bull-neck leather, as 
differentiated from back leather, is softer, more spongy, and has a 
more open grain. The hardness and quality of the wheels can be 
varied by using leathers of different thicknesses, thick discs making 
softer wheels than thin discs. 

Disc canvas wheels are usually of two general kinds of construc- 
tion, the glued wheels and hand-sewn wheels. The hardest wheels 
are those made by gluing together the individual discs of canvas 
into a solid wheel. More flexible wheels are manufactured by sew- 
ing together several layers of the canvas into sections and then 
gluing the sections together into the solid wheel. The flexibility 
of the face may be increased by not gluing the sections all the way 
out to the periphery. 

Compress polishing wheels are made from rectangular pieces of 
leather, canvas, felt, paper, or other material arranged radially and 
compressed to form a ring or cushion. This ring is assembled 
between two metal side plates which engage in annular grooves 
in the sides of the ring and hold the section intact. 


Buffs are manufactured in two general forms— loose or open buffs 
and sewed pieced buffs. The loose buffs are made from closely 
woven firm cotton fabrics of various grades and weaves as may 
be required. Each layer is a full-size disc. These are usually held 
together with one row of sewing near the center hole. 

Sewed pieced buffs are manufactured with the discs comprised 
of several strips or pieces with outside full discs as covers, the whole 
assembly held together with rows of machine sewing usually J or 
I inch apart. , 

Both of these buffs are used with tripoli, crocus, levigated 
alumina, rouge, and other buffing compositions. Sewed pieced 
buffs are extensively used in the manufacture of the cloth polishing 
wheels. Buffs made of Canton flannel or wool are used on such 
materials as hard rubber, Bakelite, and precious metals. 

Polishing belts are endless and are usually made of canvas. 
These are sometimes supported on leather belts and sometimes 
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cushion wheels are used as a backing for the belt . 

of work, these belts are very efficient, some classes 

Importance of Proper Grain 

^ The abrasive grain used in connection with flexible frrmri* 

polishing is of great importance because it is the cnffmo- 

medium whi^ does the actual wo?k Natura 

formerly used almost exclusively, but artificial ^ 

aluminous type have very large]/ displaced them 

abrasives are seldom used for po lishing Silicon carbide 

fi, k® natural abrasives cannot be controlled v 

the best pades imy contain as high as 35 to 40 per ceSt imn„ V®” 
largely iron oxide. The better grades of artificial 
oxide abrasives contain approxinmtely o? per cent rrZ?r“ 

percentage is maintained within ve^ 
limits. This uniformly high nercentap-p nf rrxrpfoir close 

what gives the artific JaSSe rfuperio/tv^^^^ ^ 

abrasives. This superiority is more anoS b, rke 

wheels, running from^S als “ grinding 

Selection of Proper Size 

Some work involves the removal of very little mate™! 
be done with a smgle “polishing” operation nfk^® - k ^ ““ 

as- w K ss *«:= 

the first operation, this should not be foUowed by a vert fiL 
because a great deal of time would be remdrSl ^ 

scratches made by the coarc;#^ o-min j fJic deep 

the No. 36 with No 60 Sd thet Z; w ‘ to follow 

Krs„ ass/iis s-'is fill 

scratches. Pracncal, m order to facilitate the removal of 


and°tpSloZof gl^” ^^l^ction 

actually responsible for most of conditions are 

ing room su?h S poof wmf vlriabltZZ^ •“ 

of production, difficulty in mffintairdn/Z^^i >"®Sulai rate 

many other things of this na?mt ® standard piece rates, and 

^(^ndling and preparing ^hie: 

Store glue in a dry, cool place. 

Measure glue and water by 
Use only C9ld ^ater for soaldn^ 

Use only distmed. boiled, or otherwise pure water. 
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While soaking, the glue should be completely covered with water. 

Soak ground glue 3 hours, flake glue 8 hours, cake glue 12 hours. 

Use only water-jacketed glue heaters. 

Use aluminum glue pots. 

Keep the glue pots covered. 

Remove any; scum that accumulates. 

Stir glue while melting. 

Temperature of the glue in the heater should not be over 140'’P. A tem- 
perature higher than this will weaken the glue. 

Never ho/'Z or cook glue. 

, Remember that bacteria spoil glue. 

Use glue while fresh, preferably within four hours after heating. 

Throw out any glue left at night. 

Glue from the day before mixed with fresh glue weakens the mixture 
SO per cent. 

scald pots and brushes every night. 

Keep brushes not in use in a weak solution of carbolic acid. 

Remove dead glue from floor, benches, tools, or wherever present. 

Coarse grain requires thick glue while fine grain requires thin glue. Fof 
fine grain dilute the glue from the original mixture, according to “thinness” 
re(^ired. 

Provide oven or preheating room for heating wheels before gluing up. 

Heat wheels and abrasives to at least i20°P. 

Allow plenty of time for glue to set, it does not attain its maximum strength 
in less than 48 hours. 

SAND AND SHOT BLASTING 

For cleaning castings and metal work, sand is used under air 
pressure. A sand that will pass through a No. 8 mesh screen is 
best for most purposes. Some work requires a very fine sand. 

Air pressure varies from 2 to 5 pounds for frosting glass, to 80 and 
90 pounds for heavy work. 

Sand rnust be kept dry to prevent clogging nozzles. Pebbles 
are sometimes used with large nozzles to give a kind of peened finish. 
The operator should protect his nose and mouth with a wet sponge 
or respirator, and his hands with gloves. 

With 25 to 30 pounds of air pressure a i-inch nozzle will use about 
200 pounds of sand an hour. 

Sand of various grades and steel grit and shot are used. These 
are designated by the Pangborn Company by the letters G and S 
respectively. Centrifugal shot- and grit-throwing machines are 
replacing air in many cases, the abrasive being discharged at about 
the same velocity as when air is used. It is claimed that a centrifu- 
gal unit will discharge the same amount of abrasive as an air blast 
taking frorn ten to fifteen times as much power. Grit or shot varies 
widely in size, from 12 to 100 grit. They are frequently mixed for 
best results in cleaning. In centrifugal machines, a greater volume 
of shot than grit will flow through the feed. If grit is preferred, the 
addition of shot will increase the volume. With compressed air, the 
flow volume of shot is slightly greater than the grit and will do faster 
work in comparison to the volume. 

BALL BURNISHING " 

Ball burnishing is a process employing a wood or wood-lined 
barrel with hard steel balls as burnishing medium and soapy water 
as lubricant. It forces down (not rubs off) by a half-rolling, half- 
rubbing pressure the minute irregularities that make the surface of 


I 
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metal parts appear unfinished, into a high luster and tenHc , 
eliminate porosity. The wood lining of the £rre 1 > ^ 

from contacting the metal walls rf the maclnW^ P® 
revolving mass from rubbing off narticles of metil the 

would quickly form on “Side of tL bLrelXt^^^ 
gto .h.. u,« cove, w. „movod .nd aoo. d^otej^ 

fi‘^“°^??ndt“ tt>e“faster^hfJ)S“Si?quk& 

finished. Also much depends unon ^ « 

Small balls have more contacts with the <;nrfnrA used. 

stelhLllfto eveS STofToTTif^V f °f 

to stand about i indi above the work enough water 

.?roA*sKTO;^“f>' s: St 

^ w"k ®K ‘““WedS mkiSe" to drv “ 

deaned in tte'l sual'^minuCT and“afte*^^^^ the barrd and 
burnishing barrel with a fresh soInttS^^ ^®Jtirned to the 

final finisf, which reSdres about° a h^rh'^w^^ 

A No. OP Balls per Lb. 

r A inch ... 

iinch * ^>260 

^ inch ‘ • • * • 3;I25 

3^ inch y ‘ * ■ • • “ * • • • • . . 1,770 

i inch. ..t' [ ‘ * ‘ ■ ' * ■ ■ * • * * • * * • • • * • 1)024 

A inch 

I inch * * ’ 220 

finch .**’.”**'‘”*' ^25 

“ 52 

There are about loo pounds of steel balls in a peck. ' 
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IMPROVED CUTTING EDGES 

The nearer perfect the edge of a cutting tool, the better the work 
it will do. This does not refer to the angle of the cutting edge with 
relation to the work, as both positive and negative cutting angles 
are now used. Perfection in this case refers to the removal of small 
irregularities left by the usual grinding wheel by using a very fine 
grit wheel and by stoning or honing. Careful attention to the cut- 
ting edge gives longer life between grinds and leaves a better surface 
on the work. 

Extreme magnification of cutting edges shows great irregularities 
in the shape of hills and hollows created by the abrasive grains of 
the grinding wheels. An artist’s sketch drawn from photomicro- 
graphs is shown in Fig. 13a. The largest projection, shown by the 


t; 1 ! 

li^ i I 



Fig. i$a.—Leflj artist’s conception of rough-ground cutting 
edges. Note the ‘^hills’’ and“ valleys’* created by the, abrasive 
grains of the grinding wheel in rough grinding. Right, note how the 
‘‘peaks,” unequal to the heavy load imposed upon them, break off, 
.quickly dulling the cutting edge. 


dotted lines, breaks off first. The others are shown at the right. 
These break because they are not strong enough to stand the heavy 
load imposed by the cut, leaving the whole cutting edge dull. 

While no grinding or stoning can produce an absolutely perfect 
edge, the hills and hollows can be made so small that the cutting 
edge maintains its efficiency over a much longer period and produces 
much better surfaces. Frequently the improved surface left by the 
tool makes it possible to eliminate a grinding operation which was 
formerly necessary. This is particularly true in milling with nega- 
tive rake cutters. 

According to the Behr-Manning division of the Norton Company, 
good cutting can be secured with a 60-grit wheel with a very slow 
traverse and no feed on the last two passes. They consider it better, 
however, to grind first with a 60-grit wheel leaving 0.001 inch, or 
even less, for finishing with a 320-grit wheel with a shellac bond. 
Besides giving an excellent finish to the cutting edge, this method 
also impresses the operator with the importance of a cutting edge 
as perfect as possible and the great care necessary to secure it. 
With tools having carbide cutting edges many prefer to use dia- 
mond-impregnated wheels, particularly in milling and turning. 
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In both these machining operations it is advantageous to have the * 
surface of the cutting tool very smooth to permit the chips to flow ■ 
away from the work with as little resistance as possible Blue 
chips, which are common in high-speed cutting of steel by either 
milling or turning, result from the heat generated in the chip itself 
by distorting the metal into a more or less tight curl. The more 
freely the chips slide over the tool face the less heat is generated and 
the less power is required. For this reason, some who have con- 
ducted extensive experiments along this line go to the extreme of 
stoning the face of the cutting tool in the direction of chip flow. 

Cutting angles have much to do with the heat generated in chip 
removal. If we could use an acute cutting angle, as in woodwork- 
ing topis, less power would be required and there would be fewer 
blue chips. But in order to secure the benefits of high cutting 
speeds made possible by using carbide tools, we must protect the 
edge by using a negative rake and, in many cases, a negative helix 
pgle on face milling cutters. Cutting edges as perfect as possible 
increase cutter life here as elsewhere and improve the work surfaces. 
Cases are cited where the output per grind has been increased from 
loo to 300 per cent. 

In addition to the careful grinding of cutters, stoning or honing 
immediately^ after sharpening and also at intervals before they 
require regrinding, has been found advantageous. It no£ only i 
keeps the cutting edge in good condition but also lengthens the life I 
of the cutter between grinds. Diamond-impregnated hones are ‘ 
now available for use with carbide cutters. This stoning removes 
any slight feather edge left by grinding. On high-speed steel cut- 
ters the India oilstone cuts faster than the Arkansas stone, but 
many prefer the latter on account of this slower action. 

With carbide cutters, particularly those with a negative rake 
some use the diamond hone directly on the edge, holding it at an 
angle of 45 degrees for one or two strokes. This not only removes’ 
the feather edge but produces a minute flat where the tool contacts 
the work. 
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OILSTONES AND THEIR TTSES 
Natural Stones 

The following particulars regarding the well-known Arkansas and 
Washita stones are given by the Pike Manufacturing Company: 

Arkansas stones are made from rock quarried in the Ozark Moun- 
tains of Arkansas and are prepared for commercial purposes in two 
grades, hard and soft. 

Hard Arkansas is composed of pure silica, and its sharpening 
qualities are due to small, sharp-pointed grains, or crystals, of hex- 
agonal shape, which are much harder than steel and will, therefore, 
cut away and sharpen steel tools. The extreme fineness of texture 
makes this stone, of necessity, a slow cutter, but in the very density 
of the crystals of which it is composed lies its virtue as a sharpener. 

Soft Arkansas stone is not quite so fine-grained and hard as the 
hard Arkansas, but it cuts faster and is better for some kinds of 
mechanical work. It is especially adapted for sharpening the tools 
used by wood carvers, filemakers, patternmakers, and all workers 
in hard wood. 

Washita stone is also found in the Ozark Mountains in Arkansas 
and is similar to the Arkansas stone, being composed of nearly pure 
silica, but is much more porous. It is known as the best natural 
stone for sharpening carpenters’ and general woodworkers’ tools. 
This stone is found in various grades, from perfectly crystallized 
and porous grit to vitreous flint and hard sandstone. The sharp- 
ness of the grit depends entirely upon its crystallization, the best 
oilstones being made from very porous crystals. 

In addition to the regular rectangular sections, natural stones are 
made in such shapes as square, triangular, round, flat, bevel, dia- 
mond, oval, pointed, knife edge. 

Artificial Oilstones 

Artificial oilstones are manufactured in a multitude of shapes 
and sizes and are adapted for sharpening all kinds of tools. Such 
stones are made of alundum and crystolon, by the Norton Com- 
pany, the former being known as India oilstones, the latter as 
crystolon sharpening stones. Similar shapes are manufactured 
by the Carborundum Company and others. 

The stones are made in three grades or grits — coarse, medium, and 
fine. The coarse stones are used in machine shops for sharpening 
very dull or nicked tools and machine knives and for general use 
where fast cutting is desired. 

Medium stones are for sharpening mechanics’ tools in general, 
more particularly those used by carpenters and in woodworking 
shops. Common shapes are shown in Fig. 14. 

F ine stones are adapted for engravers, die workers, cabinet m akers 
and other users of tools requiring a very fine, keen-cutting edge. 

Of the great variety of shapes a number adapted especially for 
machine-shop purposes are illustrated. Of these, stones like No. 24 
are for sharpening lathe and planer tools and for use after grinding; 
No. 23 is for reamers; No. 14, for taps; Nos. 4, 7, 10, and 26, for dies. 
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Two shapes for curved-edge woodworking tools are Nos. lo 
and 14, A rectangular shape for straight-edge tools, like chisels 
plane bits, planer knives, scrapers, paper-cutting knives, and other 
tools with broad flat edges is No. 24. 

Some shapes suitable for die and tool work are shown by Nos 
4, 7, 26, 28 and 50. There are frequently several sizes in each 
shape. 



How to Care for Oilstones 

Like anything else, an oilstone can be ruined by wrong treatment 
and lack of care. 

There are three objects to be attained in taking good care of an 
oilstone: first, to retain the original life and sharpness of its grit; 
second, to keep its surface flat and even; third, to prevent its 
glazing. 

To retain the original freshness of the stone, it should be kept 
clean and moist. To let an oilstone remain dry a long time or to 
expose it to the air tends to harden it. A new natural stone should 
be soaked in oil for several days before it is used. If an oilstone is 
kept in a dry place (most of them are) it should be kept in a box 
having a closed cover, and a few drops of fresh, clean ofi should be 
left on the stone. 

To keep the surface of an oilstone flat and even simply requires 
care in using it. Tools should be sharpened on the edge of a stone as 
well as in the middle, to prevent it from wearing down unevenly, 
and the stone should be turned end for end occasionally. 

To restore an even, flat surface, grind the oilstone on the side of a 
grindstone or rub it down with sandstone or an emery brick. 

An oilstone can be prevented from glazing merely by the use of 
oil or water. 

Either oil or water is used on a sharpening stone to float the 
particles of steel that are cut away from the tool, thus preventing 
them from fill i ng in between the crystals and causing the stone to 
■glaze,- ■■■ 






' ':honing ■ ' 53 ^ 

Water—and plenty of it— should be used on all coarse-grained 
natural stones. 

On medium and fine-grained natural stones and in all artificial 
stones, oil should be used always, as water is not thick enough to 
keep the steel out of the pores. 

Further to prevent glazing, the dirty oil should always he wiped 
of the stone thoroughly as soon as possible after using it. This is 
very important, for if left on the stone the oil dries in, carrying the 
steel dust with it. Cotton waste is one of the best things with 
which to clean a stone, and is nearly always to be found in a shop. 

If the stone does become glazed or gummed up, a good cleaning 
with gasoline or ammonia will usually restore its cutting qualities, 
but if it does not, then scour the stone with loose emery or sand- 
paper fastened to a perfectly smooth board. 

Ne'oer use turpentine on an oilstone for any purpose. 

HONING 

Honing Cylindrical Bores^ 

Grinding or honing of bores has now become general practice 
as a finishing operation. At first confined to automotive cylinders 
in which the grits, grades, and lengths of honing sticks would not 
exceed half a dozen sizes, today problems of grinding and honing 
cover several hundred styles of sticks and many grits and grades. 
Metal products made of cast iron, nickel iron, gun iron, malleable 
iron, aluminum, aluminum alloys, soft steels, hardened steels, 
nitrided steel, stellite, hot-drawn and cold-drawn tubes, yellow 
metals, including bronze and copper, are now honed in regular 
production. 

Honing originally removed only the fuzz left from internal grind- 
ing wheels, broaches, reamers, or boring tools, this amount varying 
from 0.0002 to 0.003 inch. Honing now removes as much as inch 
from many bores, especially steel tubes and large engine bores, at 
the same time maintaining precision limits. It is sometimes found 
that bores distort from released stresses and are often egg shaped by 
several thousandths of an inch. This condition, however, does not 
prevent the bores being finished by honing to the precision limits 
required for concentricity and parallelism. 

Steel tubes from if to 16 inches in diameter and in lengths to 
60 feet are being honed, and compressors and heavy-oil engine 
cylinders over 30 inches in diameter are honed in regular produc- 
tion operations. Abrasive sticks have been so improved that the 
cost per bore can be satisfactorily controlled, and the truing of 
stones is no longer necessary. 

Kerosene is the coolant generally used. It should be well filtered. 
On thin steel liners, airplane-engine cylinders, and similar work, 
20 per cent of lard oil should be added to the kerosene. For honing 
tubes used in making food products use mineral seal oil, as it is 
tasteless, although it is somewhat sluggish in cutting qualities 
compared to kerosene. For aluminum alloys, Lynite, etc., lard 
oil gives the best results. 

1 James G. Young and Frank J. Jeschke. 
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Honing requires much the same practice as in rotary wheel ' 
grinding. Suitable abrasive sticks must be selected for certain 
revolutions and reciprocating speeds per minute. It is often an 
advantage to vary the reciprocating speed especially in hardened 
materials, for when the fuzz is removed by the honing sticks the 1 
faces of the bores become harder and resist the cutting quality of j 

the sticks. By variation in the speed of both revolutions and I 

reciprocations, this resistance is overcome considerably and produc- 
tion times maintained. 

Hones are of varying types but are mostly of the expanding 
segmental-wheel t 3 q>e, the grinding or honing surfaces being com- 
posed of a series of abrasive sticks placed longitudinally upon the 
circumference of a metal body with an adjusting means for expand- ■ 
ing the stones (or sticks) to the walls of the cylinders being honed i 
and holding them under pressure against the wall. The tool 
itself is rotated and reciprocated simultaneously, and the hones are 
now of the positive expanding type. 


Recommended Honing Speeds 


Bore, Inches 

Revolutions per 
Minute 

Traverse Speed in 
Peet per Minute 

l| to 

iSs 

45 

2 i to 3 

i6o 

40 

4 t0 4j 

130 

35 

5 to6| 

no 

30 

7 to 8| 

8S 

24 

9 to lo 

6s 

20 


LAPPING 

Lapping may be roughly defined as ^‘precision finishing with 
abrasives.” Specifically, it is the final stock-removing operation 
by means of which pieces of work are brought to desired size within 
closer tolerances for accuracy and with a finer finish than can be 
obtained by any other known mechanical process. 

Hand Lapping 

Hand lapping of flat pieces ordinarily performed by rubbing the 
parts to be lapped over the accurately finished flat surface of a 
master lap, the abrading action being accomplished by a very fine 
abrasive powder mixed with a lubricant. One principal charac- 
teristic of this operation is the movement of the work relative to 
the master lap. When properly performed, the piece is passed 
along an ever-changing path to ensure uniform-abrasion of both the 
work and the lap and to eliminate, as far as possible, the produc- 
tion of parallel grain marks. 

Lapping by means of this ever-changing path of abrasion, with 
its continual crisscrossing of these lines, results in what is known 
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as a “matt’’ surface. It is not always a highly reflective surface, 
but the minute hills, or high spots, are removed, and what might 
be called “mountainous country” is reduced to “gently rolling” 
or “flat” country. Hand lapping is necessarily a slow, laborious 
operation and is not used except where expense and time are of 
minor consideration. 

Laps are roughly divided into three general classes. First, those 
where the form of the lap makes a line contact with the work, and 
the work, if cylindrical, is revolved to develop the cylindrical form, 
or, if straight, in one direction, is moved back and forth under the 
lap. Second, those which are used for straight surfaces with a full 
contact on the lap, and third, those which are used for male and 
female cylindrical surfaces with a full contact on the lap. In all 
cases the material from which the lap is made must be softer than 
the work. If this is not so, the abrasive will charge the work and 
cut the lap, instead of the lap cutting the work. 

The laps of the first class are usually made of machinery steel and 
the abrasive used is rolled into the surface. Oil is used to lubricate 
the work and carry away the dust. 

Lapping Flat Surfaces 

In lapping flat surfaces, which are usually on hardened steel, a 
cast-iron plate is used as a lap, with a good abrasive. In order 
. that the plate may stay reasonably 
straight, it should either be quite 
thick or else ribbed sufficiently to 
* make it rigid, and in any case it 
should be supported on three feet, 
the same as a surface place. For 
rough work or “blocking down,’’ 
as it is called, the lap works better 
if scored with narrow grooves, 
about I inch apart, both length- 
wise and crosswise, thus dividing 
the plate into small squares, as in 
Fig. 15. The abrasive is sprinkled 
loosely on the block, wet with lard oil and the work rubbed on it; 
care is taken to press hardest on the highest spots.^ The abrasive 
and oil get in the grooves and are continually rolling in and out, 
getting between the plate and the work, and are crushed into the 
cast iron, thus charging it thoroughly in a short time, About No. 
100 or 120 abrasive is best for this purpose. 

After blocking down, or if the work has first been ground on a 
surface grinder, the process is different. A plain plate is used with 
the best quality of flour of emery as an abrasive, as the least lump 
or coarseness will scratch the work so that it will be very hard 
to get the scratches out. Instead of oil, benzine is used as a lubri- 
cant, and the lap should be cleaned off and fresh benzine and emery 
appb'ed as often as it becomes sticky. The work should be tried 
from time to time with a straightedge and care taken not to let the 
emery run in and out from under the work, as this will cause the 
edges to abrade more than the center and will especially mar 




Fig. 15 . — A Lapping Plate for 
Flat Work 
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getting a good surface, the plate and wr,.-i. 
should be deaned perfectly dry and then rubbed. The charaim? 
the plate will cutjust enough to remove whatever emery mav?f,» 
become charged in the work, take away the dull surface and iS 
It as smooth as glass and as accurate as it is possible to produce ® 

Some gnnd flat work to wit^n 0.0005 inch of size and Ian t, 
within 0.0002 inch on a type-metal lap charged with flour emerv 
The lap is used dry and cleaned with benzine. Crocus t)owrle,i 
on a cast-iron lap gives a high polish. Powder 

In using the hand method on outside cylindrical surfaces 
work to be lapped is held in a chuck mounted on a iS spin^® 
and rotated, while the operator holds a split lap over the^woA 
prface by me^s of a clamp or holder. Loose abrasive mm 
IS employed with a metal lap of cast iron, lead, brass, or fther 
Similar metal. Measurements are taken periodically to check 
work diameter until it is lapped to the required size. 

Laps for Holes 

In lapping holes, various kinds of laps are used, according to thf. 
accuracy required, and the conditions under which the work it 
Gone. The simplest is a piece of wood turned cylindrical with a 
longitudinal groovejor split in which the edge of a piece of emerv 
cloth is inserted. This cloth is wound around the wood until it 


Fig. i6.—-Laps for Holes 

fills the kole in the work. This is only fit for smoothing or enlarg- 
ing rough holes and usually leaves them more out of round and bell- 
mouthed than they were at first. Another lap used for the same 
produces better results—is made by turnin^a 
piece of copper, brass, or cast iron to fit the hole and splitting it 
longitudinally for some distance from the end. Loose abrasive is 
spnnkled over it, with lard oil for a lubricant, and a taper wedge is 
driven into the end for adjustment as the lap wears. ^ 

lor lapping common drfil bushings, cam rolls, etc., in large quan- 
hW f • beU-mouthing cau be allowed, and yet a reason- 

lanf ^ great many shops use adjustable copper 

laps made with more care than the above.. One wy of making 
nearly the whole length, but leaving both 
tapped for spreading screws 
half-way down the split may be 
used or two screws dividing the spht into thirds. Another and 
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better means of adjustment is to drill a small longitudinal bole a 
little over half the length of the lap, enlarge it for half its length, 
and tap the large end for some distance. This is done before split- 
ting. Into this hole a long screw with a taper point is fitted so that 
when tightened it tries to force itself into a small hole, thus spread- 
ing the lap. 

For nice work there is nothing better than a lead lap. Lead 
charges easily, holds the abrasive firmly and does not scratch or 
score the work. It is easy to fit to the work and holds its shape 
well for light cuts. Under hard usage, however, it wears easily. 
For this reason, while laps for a single hole or a special job are some- 
times cast on straight arbors, where much lapping is done it is 
customary to mold the laps to taper arbors with means for a slight 
adjustment. After any extensive adjustment the lap will be out of 
true and must be turned off. All of these laps, as shown in Fig. i6, 
are to be held by one end in a lathe chuck, and the work run back 
and forth on them by hand, or by means of a clamp held in the hand. 
If a clamp is used, care should be taken not to spring the work. 

How to Do Good Lapping 

There are several points which must be taken into consideration 
in order to get good results in lapping holes. The most important 
is that the lap shall always fill the hole. If this condition is not 
complied with the weight of the work and the impossibility of hold- 
ing it exactly right will cause it to lap out of round, or if it is out of 
round at the start the lap will be free to follow the original surface. 
If the lap fits, it will bear hardest on the high spots and lap them off. 
Next in importance to getting a round hole is to have it straight. 
To attain this end the lap should be a little longer than the work, so 
that it will lap the whole length of the hole at once, and not have a 
tendency to follow any curvature there may be in it. What is 
known as bell-mouthing, or lapping large on the ends, is hard to pre- 
vent, especially if the emery is sprinkled on the lap and the work 
shoved on it while it is running. The best way to avoid this condi- 
tion when using cast-iron or copper laps, which do not charge easily, 
is to put the abrasive in the slot, near the center of the lap, and after 
the work is shoved on squirt oil in the slot to float the abrasive. 
Then, when the lathe is started the abrasive will carry around and 
gradually work out to the ends, lapping as it goes. Where lead is 
used, the abrasive can be put on where it is desired to have the lap 
cut and rolled in with a flat strip of iron. It will not come out 
easily, so will not spread to any extent, and it is possible with a 
lap charged in this manner to avoid cutting the ends of the hole at 
all. The work should always be kept in motion back and forth 
to avoid lumping of the abrasive and cuttings which will score 
grooves in the work. 

Ring Gage and Other Work 

Ring gages are lapped with a lead lap. They are first ground 
straight and smooth to within 0.0005 inch of size, and then, when 
lapped, are cooled as well as cleaned, before trjdng the plug, by 
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placing them in a pail of benzine for a long enough time to bri„ 
them down to the temperature of the rooin. Some stops lea^® 
thm collar projection from each side around the hole, so that if * 

off after the lappmg is done. ^ ‘tie ground 

Soft metals and cast iron will charge. To some e5rtf^nf • 
can be taken out without changing the work materially by rubbS! 

^ hand with ‘'flour’’ abrasive cloth In 

lapping bronze or brass, crocus and Vienna 
f Vrffl hme are used. Crocus is used with a cast 

V il the work for a few seconds ona 

stick which fits the hole Tjn 

®^?'hed Vienna lime, freshly crushed is UQAri 

Fig. i 7.~A Lap for with a lead or hardwood lap, and does not 
Plugs charge. It does a nice job, but is very slow 

Vnr 1 watch factories. 

^ pistons, and other cylindrical article.; a 

cast-iron lap IS usually used, split and fitted with a closing and 
spreading screw, as shown in Fig^. 17. Sometimes, where a vert fin! 
finish IS required, or where the work is not hardened the bniA • 
made larger than the work, and a lead ring cast Si 

Adjustable Step Lap for Plug Gages 

Tf advantage for plug gages 

It IS of gray cast iron, and the end hole A adjusted to size 
IS used at thh hole until it refuses to cut, iKurgage 
entered into hole B without changing the adjustment® TUs hto 
IS used up, and the plug gage is pa^se^d to hokfS B. 


Fig, 18, Step Lap for Plug Gages 

~iki 

S™.SVk3S? 

spSd^when^annW^ -workmen to use an excessive rotary 
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Diamond Powder in the Machine Shop 

The diamond used for this purpose is an inferior grade of dia- 
mond, not so hard as the black diamond used for drills and truing 
emery wheels, and not of the clear and perfect structure to permit 
it to enter the gem class. Many are mixed black and white, others 
yellow and some pink; many are clear but flaky. Then there is the 
small debris from diamond cutting, which is reduced to powder 
and sells somewhat cheaper; but some find it more economical to 
use the above and powder it themselves, as the debris from diamond 
cutting is of a flaky nature, and does not charge into the lap so well. 

Assuming there is 25 carats to reduce to powder, proceed as 
follows: 

Into a mortar, as shown at Fig. 19, place about 5 carats, using an 
8-ounce hammer to crush it. It takes from 3 to 4 minutes’ steady 



Fig. 2ojJ 

®=ttO 

Fig. 21 


I 1 ©=00 

Fig. 19 Fig. 22 

Figs. 19-22. — ^Tools for Preparing Surface Lap 

pounding to reduce it to a good average. Scrape the powder free 
from the bottom and the sides and empty into one-half pint of oil. 
The oil used is the best olive oil obtainable, and is held in a cup- 
shaped receptacle that will hold a pint and one half. The 23 carats 
being reduced to powder, and in the oil, stir it until thoroughly 
mixed, and allow to stand 5 minutes; then pour off to another dish. 
The diamond that remains in the dish is coarse and should be 
washed in benzine and allowed to dry, and should be repounded, 
unless extremely coarse diamond is desired. In that case label it 
No. o. Now stir that which has been poured from No. o, and allow 
to stand 10 minutes. Then pour off into another dish. The 
residue will be No. i. Repeat the operation, following the table 
below. 

The settlings can be put into small dishes for convenient use, 
enough oil staying with the diamond to give it the consistency of 
paste. The dishes can be obtained from a jewelers’ supply house. 

Table EOR Settling Diamond Powder 
To obtain No. o-— 5 minutes. To obtain No. 3“i hour. 

To obtain No. i~io minutes. To obtain No. 4— 2 hours. 

To obtain No. 2—- 30 minutes. To obtain No, 5— 10 hours. 

To obtain No. 6— until oil is clear. 
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Diamond is seldom liammered; it is generally rolled intA 
metal. For instance, several pieces of wire of various diamf^t-^^^ 
Charged with diamond may be desired for use in die work 
the wire and a small portion of the diamond between two hardf^n^,^ 
surfaces, ^and under pressure roll them back and forth untiLtln ^ 
oughly charged. In this case No. 2 diamond is generally used n* 
one can form the metal to any desired shape and apply the diarnn?! 
and use a roll, as Fig. 21, to force the diamond into^h/metal 'Hvis 
IS then a file which will work hard steel, but the moment tins 
mond file, or lap, is crowded, it is stripped of the dkmond and t 

Diamond Laps 

Coppp is the best metal. It takes the diamond readilv ^r.A 
longer than o^er metals; brass next, then besseme? st^f 
The latter is used when it is wished to preserve a form thaUs S 

For sharpening small, flat drills, say 0.008 to 0.100, a Conner I<,n 
shank, as in Fig. 20, and charged on tEe fare 
wUh No. 2 diamond, usmg_ pressure on the roll, makes a most satis- 
Sharpening drilN. The diamond lasts for a long 
time if properly used, and there is no danger Of drawing the tm 

other lete 

• ^se tbe'roll, Fig. 21, supported on a T-rest nre^Q- 

ystead^of charging the lap, it will be grinding th6 
on either the lap or the rollf and 
usually takes twice the amount of diamond that 
subsequentiy charging takes. To avoid loss of diamond, wash the 
It f ^®Pt exclusively for that purpose. This can 

be rSeSd^ by burning the metal with adds, and the diamond can 
Pa® . A narrower roU, Fig. 22, is sometimes used. 

J^or the grinding of taper holes in hard spindles or for nositior. 
work in hard plates, where holes are too small to allow 
wheels. No i diamond works well To grind sapphire centem or 
plugs as stops, use a^bessemer lap made in the form of a wheel 
charged with diamond on the outside. 

Numbers 5 and 6 diamond are used on boxwood Ians mountprl nn 
Th^M? chucks, and the diamond smeared on with the finger 

iui "" 

Other Abrasives forLapping 

The abrasive flours commonly used for lapping have a vraih 
averaging about;Q.oo2 inch in diameter. For fiL work, the abra- 
sive flours are mixed with oil and allowed to settle. The lighter par- 
ticles remain in suspension and are poured off. They are graced 

they loat: thus, 

® taken 30 minutes to settle. Some use 
water for floating, as oils vary so much in viscosity. Thrm^st 
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used lapping lubricants are iard oil, machine oil, kerosene, gasoline, 
alcohol, and turpentine. ^ * 

The ideal abrasive for lapping is one which will break down or 
become finer as work goes on. 

Tests of Lapping 

Tests made by Knight and Case show that laps charged by rolling 
cut the fastest and that a lap wet with lubricant cuts approximately 
twice as fast as a dry lap. The initial rate of cutting does not vary 
greatly with different abrasives. No advantage was found in 
using an abrasive coarser than No. 150. The rate of cutting is 
practically proportional to the pressure, 15 pounds being satisfac- 
tory. Laps wear as follows: Cast iron, 1,00; steel, 1.27 j and 
copper, 2.62. In general, copper and steel cut faster than cast 
iron, but cast iron retains its form better. 


1 Goon Lapping Combinations 

j Silicon Carbide —Steel lap Lard oil 

I Silicon Carbide —Copper lap — ^Lard oil 

f Silicon Carbide — Cast lap — Gasoline 

I Aluminum Oxide- — Copper lap — Soda water 

Silicon Carbide —Cast lap — ^Turpentine 
Silicon Carbide —Cast lap — Alcohol 
Aluminum Oxide — Cast lap — Gasoline 
Silicon Carbide —Copper lap — ^Turpentine 
Silicon Carbide — Cast lap — Kerosene 
Silicon Carbide — Copper lap— Soda water 
Silicon Carbide — Steel lap — -Machine oil 
Aluminum Oxide — Copper lap — ^Turpentine 
I Silicon Carbide — Copper lap — Machine oil 

j Aluminum Oxide — Copper lap — Alcohol 

Silicon Carbide — Copper lap — Alcohol 


Machine Lapping 

Modern lapping machines have made possible the quantity 
production of parts, the cost of which would have been prohibitive 
by the old hand-lapping methods. 

Industrial requirements demand lapping machines arranged to 
use three types of lapping mediums. One uses metal laps and 
loose abrasive grain mixed with a lubricant and will always find a 
place in the field of gage manufacture, or for other operations 
where extreme accuracy is required. 

Another type of machine uses bonded abrasives for commercial 
production work. 

A third and more recent type of machine, which at present has 
been used for crankshaft lapping exclusively, employs abrasive 
paper or cloth instead of cast-iron or bonded abrasive sticks. A 
very bright finish is obtained and a genuine lapped surface is pro- 
duced quite as easily as with cast-iron or bonded abrasives. 
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Vertical machines with cast-iron laos usino' • 

used for cylindrical work, te work ami therf abrasive are 

for bo;th flat and cylindrical work. Vertical machines^witrh^ 
zo^tpr® cyhndrical and flat wwV ^ 

m^cWnr « tbe crankSfV 

-Plest 

periphery. These holes are of suVskrthat t£ 

S^- 

,i»jisr4Sx*sT.Spgr fit sfcSsig' 

Preparation of Parts for Lapping 

jp~£f* ssi 

of &ish and accuracy produced by the gnnding operation. ^ ^ 
is not solCortS.®^ 

Lapping Lubricants 

Superfinish 

IS m the direction of the toolhig mA? The irUl velocity, 

sgtisss&2SSfjeS-il“ 


SUPERFINISH 
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Only enougli pressure is used so that the high spots will puncture 
the film of light oil and be honed down. Increasing the pressure 
makes more high spots break through the oil film until the Surface* is 
so smooth that the film is no longer punctured. 


Norton SOO 



This method is for finish only, not for correcting dimensions. 
! Chrysler prefers a medium rough ground surface to a smooth grind, 
I before superfinishing. For example, brake drums are turned with a 
i feed of 0.022 inch, which saves turning time. When superfinished, 
I the deepest mark is but o.ooooi inch deep. Commercial stones are 
\ used, care being taken to get uniform grain size. These are secured 
by the settling or float process. While extreme accuracy is secured, 
smoothness to the millionth of an inch being obtainable, the opera- 
tion takes but from 3 to 30 seconds. 



Fig. 24.— Ratios of Reciprocations per Minute to Revolutions per 
Minute 

The method of superfinishing a piston is shown in Fig. 23, which 
gives all necessary information. Figure 24 shows the best ratios of 
reciprocation to work revolutions for different materials. Hard 
material requires more reciprocation in proportion to rotation. 
There must be at least three motions to give the best results. 

Superfinish shows remarkable results in increasing the wear life 
of metals in contact. It bears out the statement of the Bureau of 
Standards some years ago that smoothness of finish had more 
effect than hardness on the wear of gages. 

Surface Finish.---The growing use of the Profilometer to measure 
the quality of surface finish makes it desirable to understand the 
terms used. The depth of scratches is measured in microinches, or 
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of an inclx. Readings are often expressed as 5 r.m.s. 
The letters mean root-mean-square, but in shop language, the 
average variation from a center line. In other words a line half-way 
between the peaks and valleys of a profile of the surface. 

GRINDING SPRAYED METAL 

Where grinding equipment is available, it is being used more 
extensively to finish sprayed metal than are cutting tools. This is 

Cymndrical Grinding — Wet 


Metal 

1 Abrasive 
Type ■ 

1 Abrasive 
Grit Size 

Abrasive 

Grade 

Bond 

Sprabronze Cl* 
Rough and finish, . 

! Si-carbide 

36 to 120 

Soft or med. 

Vitrified 

Lustrous finish. . . 

Si-carbide 

80 to 1 20 

Soft or med. 

Vitrified 

Sprabronze M: 
Rough and finish . . 

Si-carbide 

36 to 46 

Soft or med. 

Vitrified 

Lustrous finish. . . . 

Si-carbide 

60 to 80 

Soft 

Vitrified 

Sprabronze T: ' 
Rough and finish, . 

Si-carbide 

36 to 46 

Soft or med. 

Vitrified 

Lustrous finish. .. . 

Si-carbide 

60 to 80 

Soft 

Vitrified 

Copper: 

Rough and finish. . 

Si-carbide 

36 to 46 

Soft or med. 

Vitrified 

Lustrous finish. 

Si-carbide 

60 to 80 

Soft 

Vitrified 

Monel: 

Rough and finish . 

Si-carbide 

46 to 60 

Soft or med. 

Vitrified 

Lustrous finish. . . . 

Si-carbide 

60 to 80 

Soft 

Vitrified 

Nickel: 

Rough and finish . 

Si-carbide 

46 to 60 

Soft or med. 

Vitrified 

Lustrous finish ... 

Si-carbide 

60 to 80 

Soft 

Vitrified 

Metcoloy No. i: 
Rough and finish. . 

Metcoloy No. 2 : 
Rough and finish. . 

Si-carbide 

Al-oxide 

Si-carbide 

46 

400 

36 to 46 

Soft 

Medium 

Soft or med. 

Vitrified 

Vitrified 

Vitrified 

Sprasteels 10, 25, 40, 
80 and 120: 
Rough and finish. . 

Si-carbide 

36 to 46 

Soft or med. 

Vitrified 


. *Slow traverse (approximately 1 ft. per min.) and, high work speed 
(approximately 140 surface ft. per min.) are absolutely essential in grinding 
Sprabronze C. High traverse rates cause the wheel to load badly and give 
a poor finish. 

Notes: 

Wheel speeds, surface ft. per min. ........ ... . . . . . 6,000 to 6,500 

Work speed, surface ft, per min 80 to 90 

Traverse speed,, rougtdng, in. per min. . .... . ... ... 36 to 48 

Traverse speed, finishing, in. per min. 8 to 16 

Infeed: 

Roughing in 0.001 

Finishing Extremely light 

Coolant most generally used is 50:1 to 40:1 soluble oil. 
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true of soft metals such as Metcoloy No. i and Metco copper. It 
permits greater accuracy and a higher degree of finish than can he 
obtained by cutting tools. 

Sprayed metals require a difierent procedure than parent, or 
solid, metal of the same composition. They can be ground wet or 
dry by following the suggestions in the tables herewith. These 
show the wheel speeds and work feeds and the type of wheels for 
the different metals, and they suggest coolants that give good 
results. Sprayed metals tend to load grinding wheels. Relatively 
coarse grain and low bond strength are necessary to permit the 
wheels surface to break down easily. 

; Tool-post grinders may require different wheels than grinders 
! with more rigidly supported wheels. They can be used, however, 

I by experimenting to find the right wheel for the grinder and the 
work. 

I CRUSH4DRESSING GRINDING WHEELS^ 

I The accepted method of dressing or preparing the abrasive-wheel 
I surface for work has been by the use of sharp diamonds, or other 
hard material such as the carbides, usually termed ‘‘diamond- 
1 dressing.” Equally old is the process of dressing a wheel by means 
1 of a number of freely rotating washers mounted on a suitable 
I handle. This tool is normally used for roughing up pedestal 

i abrasive wheels, and grit can be removed from the face of the wheel 

very rapidly. From this it is a short step to modern “ crush- 
dressing.” This principle for the accurate dressing of grinding 
wheels has been undergoing improvements in Europe, and it has 
been receiving specialized development in the United States. 

Crushing of abrasive wheels may seem revolutionary to some, 
as the method has not had widespread industrial application in 
America. Since its general commercial introduction in this coun- 
try, rapid progress has been made as industry has come to realize 
the advantagp. ^ Abroad, the development has been primarily 
used in the grinding of threads, owing largely to the European and 
English practice of grinding threads with niultiribbed wheels. 
The benefits of this method are so outstanding, it is not surprising 
that great strides have been made in multiforming the ribs of 
grinding wheels. Various and often complicated fixtures were 
I used for diamond dressing of these wheels, and, while searching 
for a simpler operation, the crushing technique was developed. 
While it was primarily intended to simplify the fixtures for forming 
the wheel, advantages were discovered that are far more important 
than the simplification. 

For a number of years several enterprising toolrooms in the 
United States used the crushing technique with excellent results. 
i For example, one company found it profitable to make lamination- 
I die sections on the surface grinder after first crushing a wheel to the 

I desired shape by means of a soft-steel crusher mounted on a fixture. 

1 This fixture allowed free rotation without end movement. The 

iBy "W. Pay Aller, Director of Research, The Sheffield Corporation, 
Dayton, Ohio. 
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Cylindeical Geinding— Dey* 


Metals 

Surface Speed, 

Ft. per Min. 

Peed, In. 
per Rev. 

Work 

Wheel 

I 

Rough- 

ing 

Finishing 

Sprabronze Cf 

40 to 45 

5,000 to 6,000 

to 

^ to 

Sprabronze Mf. 

40 to 45 

5,000 to 6,000 

it toi 

A to ^ 

Sprabronze Tf. . 

30 to 40 

5,000 to 6,000 

to i 

A to 

Copperf ..... ..... 

30 to 40 

5,000 to 6,000 

A to i 

A tOiV 

Monelf 

30 to 40 

5,000 to 6,000 

to 

ilf to ^ 

Nickel 

30 to 40 

5,000 to 6,000 

■h to 

li'S' to 

Sprairon 

30 to 40 

5,000 to 6,000 

A to i 

A to ig\ 

Metcoloy No. i . . . . , . ; . 

30 to 45 

5,000 to 6,000 

^ to 

to ^ 

Metcoloy No. 2 . . . . . . . . 

45 to 125 

5,000 to 6,000 

^ to ^ 

xfe to 

Sprasteeis 10, 25....... 

30 to 45 

5,000 to 6,000' 

3^ to 1 

to 

Sprasteel 40 ... 

30 to 45 

5,000 to 6,000 

it to 1 

"h to 

Sprasteel 80. 

30 to 45 

5,000 to 6,000 

•5^ to g 

M to 

Sprasteel 120. . ........ 

30 to 45 

5,000 to 6,000 

A 1 

A to fV 


* For the first six metals listed use silicon-carbide wheels, vitrified bond, 
of No. 6o soft abrasive. For the last eight, use silicon-carbide wheels, 
vitrified bond. No. 46 grit, very soft grade. 

t It be necessary with these metals to apply a light coat of machine 
oil after each cut to keep the wheel from loading. 

Notes: Frequent dressing of the wheel when finish grinding Sprabronze 
and copper will promote faster cutting if more than one piece is to be ground, 
because of the loading that takes place on the wheel face from this type of 
material. 

Recommended infeed per pass for rough grinding is 0.001 in. Use ex- 
tremely light infeed for finishing. 

wheel was run down against the crusher, and a crank was used to 
turn the wheel slotvly and impress the form in its surface. 

Technique of Crush-Bressing 

Roughly speaking, the present technique of crush dressing an 
abrasive wheel is as follows: A crusher is made similar to a circular 
form tool, carrying the identical shape to be ground in the work 
piece. This crusher is usually mounted on antifriction bearings 
that will allow no end play. It is placed in a suitable fixture 
which, in turn, is attached to the machine by a method depending 
upon the type of installation and permits the crusher to be slowly 
moved toward the wheel or the wheel toward the crusher. The 
axis of rotation of the crusher should be parallel to the axis of 
rotation of the grinding wheel for best results. 

The peripheral speed should be approximately 250 to 300 feet 
per minute. While rotating, the axes of the two are slowly brought 
together with the result that grit is removed from the wheel. 






As previously mentioned, in the development of crush-dressing 
a number of advantages were found to be of greater importance 
than the simplification. They may be listed as follows: 

1. On the most varied of profiles, crush-dressing forms the wheel 
to the desired shape in a fraction of the time possible by any of the 
previous conventional dressing methods. 

2 . Crush-dressing provides a better cutting surface with many 
more sharp cutting points and without the dull flats produced by 
diamong-dressing. 

3. The number of pieces that may be ground per dressing is 
remarkably increased. 

4. The cost of dressing tools is greatly reduced, not only because 
of the number of pieces ground per dressing, but also because of the 
tremendous number of dressings possible with the crusher-dressed 
tools. Although still having some limitations, this is the modern 
inexpensive way of dressing a grinding wheel and getting the most 
intricate of shapes. 

5. Longer wheel life is obtained by crusher-forming because it is 
only necessary to remove the dulled grits. The dressing operation 
itself does not tend to dull the grits as in diamond-dressing. 

6. Crush-dressing allows closer grinding of work and reduces 
the hazard of burning. Less pressure is necessary to remove stock. 


SECTION XII 


SCREW-MACHINE TOOLS, SPEEDS, AND FEEDS 

^ Box tools are the most commonly used of all screw-machine 
tools, whether on hand or automatic machines. This is because 
they can be used for roughing or finishing cuts on straight turnins 
or several tools can be used in the one holder and a series of diame- 
ters turned at once. Or a centering tool, or a drill, or some facing 
topi can be set in the shank and still another operation thus accom- 
plished with the original box tool. The cutters or bits employed 
admit of a variety of arrangements. 

Although the box tool is useful as a roughing tool, it is more 
generally employed in modern practice for finishing cuts, the 
roughing being more commonly done with such a tool as a hollow 
mill, which is. usually made to turn from 0,006 to 0.012 inch oversize. 



The box tool with tangent form of cutter and adjustable back 
rests is shown m Fig. i. The cutter or bit is slightly in the lead of 
the back rests and cuts to size so that the work enters the rests and 
is supported therein for the entire length of the cut. 

If two cutters are to be used in the box tool, the box is slotted out 
to proper width. Each tool is independently adjustable, and in 

separate blocks adjustable 
along^ the length of the box toolholder. Roller back rests are also 
used m some cases. 


In Fig 2, the edge of the cutter is over the center of the work, and 
the angular, or side, clearance a is usually 8 or 10 degrees. The 
race 0 is ground back to give a good cutting effect at an angle c of 
ii t degrees depending upon material, etc. The angle d may 
be trom o to 15 degrees or more according to conditions. 
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HOLLOW MILLS 

The hollow mill so commonly used on hand and automatic screw 
machines is particularly useful for roughing cuts and ordinarily for 
such purposes is made to turn the work to within 0.006 or o.ooS inch 
above size for diameters up to J inch. For sizes above that, up to 
about i J inch, an allowance commonly left by the hollow mill for 
finishing by box tools or otherwise is o.cio to 0.012 inch. 

The hole u, Fig. 3, is ground taper to provide clearance and pre- 
vent drag at the back of the mill. The taper usually ranges from 
0.006 to 0.015 iiich large at the back end of the hole according to the 
size of the mill. 

Hollow mills are made with the cutting edge of the teeth tangent, 
or parallel, to the radial line through the center, the amount d the 
cutting edge is ahead of center varying with the diameter of the hole 
in the mill. The amount ahead of center is somewhat greater than 


I 


I 



Fig. 2. — ^The Cutting Tool 



For Sfee! For Brass 
(BflbSSfyleS) 

Fig. 3.— -Hollow Mills 


in early practice as Brown & Sharpe Mfg. Co. recommend J of the 
diameter for mills up to i inch and i of the diameter for larger 
mills, up to in. This refers to hollow mills for turning steel 
For brass the teeth should be ahead of the center approximately 
0.010 to 0.015 inch. 

By referring to Fig. 3 and Table i, it will be seen that as the 
mills are ground, the rake 6 causes the cutting edge to move back 
toward the center with each grinding. With too small allowance 
ahead of center, the mill is used back too rapidly, as its useful 
cutting life is practically limited to the point where it reaches the 
center line. 

Two styles of Brown and Sharpe mills are shown in Fig. 3; one 
with plain body (style 2) and one with enlarged head (style 3). The 
hollow mill for brass is made with straight lip instead of with the top 
rake h. 

Table i gives essential details of hollow mills for different sizes of 
Brown and Sharpe automatics and wire feed machines. The top 
rake 6 for the teeth is usually at an angle of about 16 degrees for 
cutting steel. For brass this angle is zero, the top or face of the 
tooth being parallel with the centerline. The clearance angle c 
at the end of the tooth should be from 12 to 15 degrees. Where 
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feasible, it is desirable to bevel off tbe inner corners of the teeth 
at e to an angle of 45 degrees. This helps to guide the hollow mill 
and give a free cutting action. 

Table i. — Hollow-Mill Peoportions 
Brown and Sharpe Screw Machines 


No, 

of 

Mill 

Style 

ooC* 

2 

ooD 

2 

20 A 

3 

20 Bt 

3 

2 iA 

2 

22A 

2 

22C 

3 


No. of 
Machine, 
Where Used 


Regular 

Sizes 


Diam- 
eter of 
of 

Shank 


Lenph 

Shank 



Total 

Length 


00, ooG I 
and 19 r 
Auto. I 
oandoG I 
Auto y 
I W.P. 

0 and oG 
Auto > 

,i w.F. y 

I Auto 


to by 
sixty- 
fourths 
J to 3*^ by 
sixty- 
fourths 
J to I by 
thirty- 
seconds 
I to t by 
thirty- 
seconds 


No. s 
Taper 

I 

I 

f 


I 

I 


I 

I 


I 


l: 




i 


If 

2 



i to by 
thirty- 
seconds 

SI to by 
thirty- 
seconds 


I 


I 


i^ 


I 


If 


2f 


lAr 


2i 


Note.— ;Style 2 mill is made with a straight body. Style 3 has reduced 
shank as dimensioned in above table. 

* Made in both right- and left-hand styles, 
t For brass. 


DIES AND TAPS 

It is good practice in making spring-screw dies either to hob out 
the thread with a hob Tap 0.005 to 0.015 inch oversize, according 
to size, and in use to spring the prongs to proper cutting size by a 
clamping ring, or to tap the die out from the rear with a hob tap 
tapering from ^ inch to J inch per foot, leaving the front end about 
0,002 inch over cutting size, and in this case also to use a clamping 
ring. Both of these schemes are for the purpose of obtaining back 
clearance and are effective. Of the two, the use of the taper hob is 
to be preferred. 

Spring-Die Sizes 

The dimensions for spring-screw dies, with Fig. 4, should prove 
of service, particularly for steel. For brass the cutting edge is 
radial, thus eliminating dimension A, The width of land at bottom 
of thread is usually made about one-fourth outside diameter of cut, 
the milling between flutes being 70 degrees, leaving 50 degrees 
for the prong in the case of three-flute dies. 
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SMAI.L Sizes OF Dies 
(Overall Dimensions Given in Sketch) 








No. 






D = 

is 


is 


is 

3 

4 

6 

8 

10 

12 

Threads P. I. « 

64 

40 

32 

20 

18 

S6 

40 

32 

24 “ 

32 

10 

24 “ 

32 

A « ~ 

10 

.006 

.012 

.orp 

.02$ 

.031 

.010 

.oil 

.014 

.016 

.019 

.021 

L « 

is 

A 

I 

i 

h 

■h 


is 

A 

a 

1 


Sizes f to i Inch 


D = 

f to i 

1 to f 

1 to I 

Threads P. 1. = 

Std. 

Std. 

Std. 

A = 

D -i- 10 

Z> 10 

D 10 

L = 

i 

I" 

If 

O.S. Dia. 

1" 

li 


Length 

2** 

2i" 

2j" 


Fig. 4. — Spring-Die Sizes 


Boring Work for Threading 

When holes are bored previous to tapping, they should be some- 
what larger than the theoretical diameter at bottom of thread, as the 
crowding action of the tap will cause the metal to flow some and 
compensate for this. Where no allowance is made, frequent tap 
breakage is liable to occur, as well as torn threads in the work. On 
external work it is advisable for the same reasons to turn the work 
undersize, and Table 2 gives good average allowances for internal 
and external work. 
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Table a— A llowances por Threading iw the Screw Machine 


Threads External Work ^ Internal Work 

per Inch Turn Undersize Increase Over Theoretical 

Bottom of Thread 


Tap Length and Himiber of Lands 

The nuniber of teeth in taps and the width of land ciBonM Ka 
and pitch of work as well as the Sre of 
^mg cut. On fine threads, where a shrunken thread is 
“Sainst, more teeth are required than o^a coarse? 
i^® diameter. A good average number of teeth on 
aps for American standard threads is given in the following table. 


Outside Diameter 


No. of Flutes 


Width of Land 


ThU !?A^tr-*®®*^ land, very little support is avail 


0.002 

0.002 

0.0025 

0.0025 

0.003 

0.003 

0.0035 

0.0035 

0.0035 

0.004 

0.004 

0.0045 

0.0045 

0.005 


0.004 
0.004 c 
0.005 
0-0055 
0.006 
0.0065 
0.007 
0.007 
0.007 c 
0.008 
0.0085 
0.009 
0.0095 
0.010 
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FORMING TOOLS 

The two t3rpes of forming cutters commonly used in the screw 
machine are shown in Figs. 5 and 6. The circular forming cutter in 
Fig* S is usually cut away from | to inch below center to give 
suitable cutting clearance, and the center of the tool post on which 
it is mounted is a corresponding amount above the center of the 
machine, so that the cutting edge of the circular tool is brought on 
the center line of the work. The relative clearance ordinarily 
obtained by circular cutters and dovetail tools of the type shown in 
Fig. 6 is indicated in Fig. 7. It is obvious that with a given 
material the larger the diameter of the work, the greater the angle of 
clearance required. Clearance angles are seldom less than 7 degrees 
or over 12 degrees. The diagram with Fig. 6 shows why form tool 
contours must vary with the clearance angle. 



Figs. 5 and 6. — Circular and Dovetail Form Tools 

The diameter of circular forming tools is an important matter for 
consideration. A small diameter has a more pronounced change of 
clearance angle than a large diameter. In fact, when of an exceed- 
ingly large diameter, the circular tool approaches in cutting action 
the dovetail t3pe of tool which is usually provided with about 10 
degrees clearance. Circular tools usually range from about i| to 
3 inches diameter, depending upon the size of machine in which 
they are used. 

Getting the Tool Diameters at Different Points 

In order to make a circular or a dovetail type of tool so that the 
contour of its cutting edge is such as to produce correct work, the 
amount a circular tool is cut below center, as at 0 in Fig. 8, and 
the clearance angle of a dovetail tool as at 4 ' in Fig. 7 must be 
known. Thus, referring to Fig. 8, the forming tool shown cuts two 
diSerent diameters on the work, the step between being repre- 
sented by dimension a. To find depth/ to which the forming tool 
must be finished on the center line to give the correct depth of cut a 
in the work (the cutter being milled below center an amount repre- 
sented by c), the following formula may be applied: 

/ = g -Vg>! + a“ - 

Suppose the depth of cut in the work represented by a to be 0.157 . 
second; the radius g of the forming cutter i inch; the distance c 




Diameters 
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which the forming tool is milled below center, Applying the 
formula given to find / and substituting the values just given for the 
letters in the formula we have 


/ = 1 — vT + 0.0231 - (o.304'\/i — 0.03516) 

= I — Vi + 0.0231 — (0.304 X 0.9823) 

= I — V 0.724485 = I — • 0.8512 = 0.1488, 

Then/ = 0.148S 

Dovetail-Tool Depths 

If a similar piece of work is to be formed with a dovetail t5^e of 
cutter, the distance T, Figs. 7 and 9, to which it is necessary to 
plane the tool shoulder in order that it may cut depth a correctly in 
the work, is found by the formula: T ^ a (cos A'). As 10 degrees 
is the customary clearance on this form of tool, the cosine of this 
angle, which is 0.98481, may be considered as a constant, making 
reference to a table of cosines unnecessary as a rule. Assuming the 
same depth for a as in the previous case, that is, 0.152 inch, and 
multiplying by 0.98481, we have 0.1496 inch as the depth of T to 
which the tool must be planed. 

Making Forming Tools 

As already stated, since the top of a formed tool is flat and is set 
on the center line of the work, as illustrated in Fig. 6, and since it is 
held at an angle, it will readily be seen that the outline at the top 
and that on the line A A will vary with the angle. This variation 
is illustrated in Fig. 6. If a piece of round stock is cut ofi on the 
line A A, its section will be circular, but if the cut is made on the line 
BB, the section will be elliptical. Thus, change of form caused 
by the angle at which the tool is held must always be taken into 
consideration in making formed tools. 

As a practical example of the method to be followed in making a 
dovetail formed tool, let it be assumed that t e work it is to do is to 
produce the part A in Fig. 10, Either from a sample of the work 
or from a drawing, matched templets, as at B and C, should be made 
of tool steel about ^ inch thick, and the outlines must be worked 
out accurately. 

The next step is to make the master tool D. This tool should be 
about I inch thick, and the outline must be worked out carefully to 
fit templet B, A hole is drilled in the master tool for a screw to 
secure it in the toolholder, after which it is hardened and then drawn 
to a medium straw color, assuming that the material is carbon steel. 

The fixtures used in planing a dovetail tool are illustrated in 
Fig. I I, The fixture in which the blank for the formed tool is held 
is attached to the shaper table, the blank being located by its dove- 
tail and secured by screws bearing against a gib. The master tool 
D is held in its holder at an angle of 10 degrees in transferring its 
outline to the formed tool. Thus it follows that when the formed 
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-n at the same angle in the machine in which it is to 

It wih impart the desired ontline to the work. 

the master tool has a negative rake when annii*^^ 
to the formed tool. Thus it cannot really cut: the best it 
to scrape. For this reason, the outline on the formed tnn^V^ r! 
be first worked out with ordinary tools until it is approximately 


Fig. io 



Fig. 12 



Fig. 13 



Fig. 14 




Fig. 16 



Fig. 17 


i^iGs. ia-i7.-Steps in Making Dovetail and Circular Forming Tools 
t °"pH ^ to “Wer 

roughs S Stolid ^ to 

toe .aster tool .. 
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^ precaution must be taken to prevent the master from tearing the 

I surface of the formed tool. A shaper, run at its slowest speed, 

I should be used. Very light cuts should be taken and the tool 

I should be well lubricated with genuine lard oil. 

I After the outline has been finished on the formed tool, the formed 
I tool is held in the fixture illustrated in Fig. 13 and the top is planed 

' off. The fixture consists of a block to hold the tool at the desired 

I angle by means of screws bearing against a gib on one side of the 

i dovetail. After the formed tool has been hardened and drawn, it is 

held in the same fixture in the surface grinder for grinding the top 
i smooth. This fixture is also used in sharpening the tool as occasion 
requires. 

The method to be followed in making formed tools of the circular 
type differs slightly from that used in making dovetail tools. In 
Fig. 5 it will be seen that the cutting edge of the tool is below its 
center. The line BB is in line with the center of the work. Thus, 
the toolholder must have its hole for the stud above the center 
of the work the same amount as the distance between the lines A A 
and BB.' The amount of this clearance will vary with different 
machines in which the tools are to be used. 

The procedure to be followed in making a formed tool of the 
circular type is indicated in Fig. 14, where A is the work to be 
produced. Matched templets 5 and C are made as in the case 
of the dovetail tool. The master tool D is made to fit templet C. 
A second master tool F is made from the first one and is used to turn 
^ the form on the circular tool H. In Fig. 15 it will be seen that 
in finishing the second master tool the first master tool is held in a 
holder inclined at about 10 degrees and that the second master 
tool is held at the same angle in a fixture attached to the shaper 
table. 

In turning the form on the circular tool with the second master 
- tool, the master tool must be set below the center the predetermined 
distance between the lines A A and BB in Fig. 5. Thus, when the 
circular tool has been put in use, when line BB is brought into line 
with the center of the work, the correct contour will, of necessity, be 
formed on the work. 

{ In using the second master tool to turn the form on the circular 

j tool, due care must be taken to use very light cuts, for a tool of any 

: kind used below the center is likely to cause the work to rise or 

1 spring. upward. 

f The object of the lo-degree angle on the second master tool is to 
give the clearance A A, Fig. 16, so it will cut properly. After the 
circular tool has been turned to shape, it is gashed by cutting away 
the portion indicated by the dotted lines . It is than hardened and 
drawn and sharpened ready for use. In sharpening the tool, the 
fixture in Fig. 17 is useful. The dotted lines indicate the metal to 
^ be ground off. The fixture is Used on the surface grinder. The 

I block A is hardened and the offset gage R is used for checking 

[ the distance of the cutting surface of the tool from surface C of 

i the block; it being understood that the correct relation exists 

!; between the surface C of block A and the stud on which the tool is 

|r located. ■ ■ ' " . 
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Circular Tool for Conical Points 

When a circular cutter is to be made for formine a ron,Voi . 
on a piece, as m Fig. i8, a master tool of the exacUnele 
the work may be used for finishing the cutter in tL sfm 

® that is, the master is to be droDoed 

center the amount the cutter center is to be above the wm-v 
when in operation. The distance is represented bv D in v— 
Another method, which avoids the necLsfty of f»- 

tool, IS to set the compound rest of the lathe to the Ixact angle 



u 

Liprf"* 


Vi 

^ 13 / Work- 


y{i 

!!! r~r~^ 




Fig. i8.— Circular Forming Tool for Conical Points 

side of the cutter bCk and «« 

«b., 

below the grinding wheel a distance equal to where D 

Se c^ter, S tte radtVof'^e®'* ^ the radius of 

be 0.187 (A) inch -> r inni, ^ the grinding wheel. Assume D to 

b...» SL dlsstfi s 

equal 0.187- ^ = 0.187 (3.5) = 0.6562 (fi) inch. 
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Finding Diameters of Circular Forming Tools 

In making circular forming tools it is often desirable to check 
the finished tool or finish a tool by grinding. It may also be advan- 
tageous to know the exact diameter a tool should be turned while 
making it, in order that calipering may be more convenient and 
certain. Methods of computing the diameter at different points 
are given on page 547, but in many cases of this kind the following 
tables will greatly facilitate matters, particularly when making 
circular forming tools for Brown and Sharpe automatics. 

Suppose, for example, we have a piece to make like Fig, 19 on the 
No. 2 Brown and Sharpe automatic screw machine. The largest 
diameter of the circular form- 
ing tool would produce the 
smallest diameter of the 
piece, which is 0.250 inch. 

The difference between this 
o.2So-inch diameter and the 
step of the 0.750-inch diam- 
eter is (0.750— - 0.250 inch) 

2 = 0.250 inch. 

The largest diameter of the 
circular forming tool for the No. 2 machine is 3 inches, which corre- 
sponds to a radius of 1,49998 inches with a base line of 1.479 inches 
for the triangle completed by perpendicular joining the cutting line 
of the tool with the parallel line passing through the center of the 
tool. 

The hypotenuse of the triangle is formed by the radius joining 
the intersection of the base line and the circumference of the tool, 
as in Fig. 20. Subtracting 0.250 inch from 1.479 inches, we have 
1.229 inches, which, in Table 4, corresponds to a radius of 1.25417 
inches, and multiplying by 2 gives a diameter of 2.50834 inches, 
to which to turn the cutter to form correctly the 0.750-inch diameter 
on the piece, Fig. 19. 

Considering the largest diameter of the piece and taking the height 
of the second step above the first diameter, we have (0.938—0.25)— 2 
= 0.344 inch, and subtracting from 1.479 “ i*i3S the base line, 
which, in Table 6, corresponds to a radius of 1.16221. Multiplying 
by 2 gives a diameter of 2.3244 to turn the cutter to in order to pro- 
duce the 0.938-inch diameter on the work. Tables 4, 5, and 6 are 
for cutters of the dimensions given in Table 3. 

These tables are figured in steps of 0.001 inch for the capacity of 
the machines. A difference of a fractional part of a thousandth 
can be added to the radius if the step is a part of a thousandth over 
the base-line figures, which are given in even thousandths. For 
illustration: Say the base-line figure is 1.4765 inches. In Table 6 
1.476 inches corresponds to a radius of 1.49702; add 0.0005 iiicb to 
1.49702, and the radius will be as near correct as it is practicable to 
make a cutter. 

Box tools for duralumin should be set a little above the center 
and have 5 degrees front clearance. Shaving or forming tools work 
well with 10 degrees shear and 10 degrees front clearance. 



— 

Fig. 19. — The Piece to Be Made 


AND FEEDS 



Fig. 20. — Chart for Circular Tools 
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Table 3, ““Dimensions oe Cutters eor 
B. & S. Automatic Screw Machines 
(Dimensions in Inches) 


Mach. 

No. 

Approx. 

Diam. 

Max. 

Radius 

Max. 

Base 

Line 

Distance 
above or 
below 
Center 

2 & 2G 

3 

1.49998 

1.479 

0.250 

0 & oG 

2.250 

I. I 2474 

1.114 

0.15625 

00 & ooG 

1.750 

0. 874971 

0.866' 

0.125 


XBase Line 


Table 4. — Finding Diameters of Circular Forming Tools for 
Brown & Sharpe No. 00 Automatic Screw Machine 


.866 .87497 

.865 .87398 

.864 .87300 

.863 .87201 

.86a .87102 

.861 .87003 

.860 .86004 

.8so .8680s 
.858 .86706 

. 8 S 7 .86607 

.856 .86508 

.85 s .86409 
.854 .86310 

.853 .86211 

.852 .86112 

.851 .86013 

.850 .85914 

.849 .85815 

.848 .85716 

,847 .85617 

.846 .85518 

.84s .85420 

.844 .85321 

.843 .85222 

.842 .85123 


.841 .85024 .815 

.840 .84925 .814 

.839 .84826 .813 

.838 .84727 .812 

.837 .84628 .811 

.836 .84529 .810 

.835 .84430 .809 

.834 .84332 .808 

.833 .84233 .807 

.832 .84134 .806 

.831 .84035 .80s 

.830 .83936 .804 

.829 .83837 .803 

.828 .83738 .802 

.827 .83639 .801 

.826 .83540 .800 

.825 .83442 .799 

.824 .83343 .798 

.823 .83244 *797 

.822 .83145 ^96 

.821 .83046 .795 

.820 .82947 .794 

.819 .82848 .793 

.818 .82750 .792 

.817 .82051 .791 

.816 ,82552 .790 


.82453 .789 

.82354 .788 

.82255 .787 

.82156 .786 

.82058 .785 

.81959 .784 

.81860 .783 

.81761 .782 

.81662 .781 

.81564 .780 

.81465 .779 

.81366 .778 

,81267 .777 

.81168 .776 

.81069 .775 

.80971 .774 

.80872 .773 

.80773 .772 

.80674 *771 

.80576 ,770 ! 

.80477 .769 

.80378 .768 

.80279 .767 

.80180 .766 

.80082 .765 

•79983 .764 


NoTE.-r— In Tables 4, 5 and 6, it should be noted, as explained on page 553, 
that the base-line dimensions in the columns under that heading and in the 
diagram, Fig. 2i, are actually the distance of the cutting edge of the tool 
from the center of the cutter, the latter being used in the machine a certain 
distance either above or below the spindle center corresponding to Table 1. 
The distance from the cutting ed^e to center is, therefore, shorter than the 
true cutter radius by the amount indicated in the tables. 
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Table 5. —Finding Diameters of Circular Forming Tools fou 
Brown & Sharpe No. o Automatic Screw Machine — 
Continued 


No. 0 

No. 0 

No, 0 

No. 0 

No. 0 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

1 .114 

I. I 2474 

1.060 

1.07143 

1. 010 

I. 02 IS 9 

, 960 

.97263 

.910 

•92331 

1.113 

1.12376 

1.059 

1.07044 

1.009 

I . 02059 

.959 

.97165 

.909 

.92233 

I.112 

1.12278 

1.058 

I . 06945 

1,008 

1 . 0 I 9 S 9 

.958 

.97067 

.908 

.92135 

I. Ill 

1.12180 

1.057 

1.0684s 

1,007 

I. 01860 

.957 

. 96969 

.907 

* 92036 

I. no 

1.12082 

1.056 

1.06746 

1.006 

1.01760 

.956 

.96871 

.906 

.91938 

1 . 109 

1.11984 

1.055 

I . 06646 

1. 005 

1.01660 

.955 

.96773 

.90s 

.91840 

1. 108 

I. 11886 

1.054 

I. 06547 

1.004 

1.01560 

.954 

.96675 

.904 

.91742 

1.107 

1.11788 

1.053 

1.06448 

1.003 

1.01461 

,953 

.96578 

.903 

.91644 

1 . 106 

I. 11690 

1.052 

1.06349 

1.002 

1.01361 

.952 

.96481 

.902 

.91540 

I . los 

I. 11592 

1.051 

1.06250 

1. 001 

1.01261 

.951 

.96383 

.901 

•91448 

1.X04 

I. I 1494 

1.050 

1. 06151 

1.000 

1.01162 

.950 

.96285 

.900 

.91349 

1.103 

I . 11396 

1.049 

I .06051 

.999 

1.0106s 

.949 

.96186 



1.102 

1.11298 

1 . 048 

I. 059s I 

.998 

1 . 00968 

.948 

.96087 



I.IOI 

1,11200 

1.047 

1.05851 

.997 

1.00871 

.947 

.95988 



l.IOO 

1.11103 

1.046 

l, 0 S 7 Si 

.996 

1.00774 

.946 

.95889 



1.099 

1. I 1004 

1.04s 

1.05652 

.995 

1.00677 

.945 

.95790 



1.098 

I. I 090s 

1.044 

I . 05552 

.994 

1,00580 

.944 

.95691 



1 . 097 

I . 10806 

1.043 

1.05452 

.993 

I , 00483 

.943 

.95592 



1.096 

I. 10707 

1.042 

1.05352 

.992 

1.00386 

.942 

.95492 



1 . 095 

I. 10608 

1. 041 

1 .05252 

,991 

1.00289 

.941 

.95393 



1.094 

1. 10509 

1.040 

I. 05153 

.990 

I. 00192 

.940 

.95294 



1.093 

r. I 04 10 

1.039 

1.05053 

.989 

1.00096 

.939 

.95195 



1.092 

X. 10311 

1.038 

1.04953 

.988 

.99993 

.938 

. 95096 



1. 091 

I. 10212 

1.037 

1.04853 

.987 

.99897 

.937 

.94997 



1 . 090 

1,10113 

1.036 

1.04753 

.986 

,99800 

.936 

.94898 



1.089 

1 , 10014 

1.035 

1.04653 

.9S5 

.99704 

.935 

.94799 



1.088 

1.0991S 

1,034 

1.04554 

.984 

.99608 

.934 

.94700 



1.087 

1.09816 

1.033 

1.04454 

.983 

.99512 

,933 

.94601 



1.086 

1.09717 

1 .032 

1.04354 

.982 

.99416 

.932 

,94502 



1.08s 

1.09618 

1. 031 

1.04254 

.981 

.99320 

.931 

.94403 



1.084 

1.09519 

1.030 

1.04154 

i .980 

.99224 

.930 

.94303 



1.083 

! I . 09420 

1.029 

1.040SS 

,979 

.99128 

.929 

.94201 


■ ■ ' . ' 

1,082 

I. 093 2 I 

1.028 

1,03955 

.978 

.99032 

.928 

.94102 


' , ' 

1. 081 

11,09222 

1.027 

1.03855 

,977 

.98936 

.927 

. 94003 



1,080 

1.09123 

r.026 

1 , 03755 

.976 

.98840 

.926 

.93905 



1.079 

' 1 . 09024 

1.025 

I . 03656 

' .975 

,98743 

.925 

.93807 



1.078 

1.0892s 

r.024 

1.03556 

1 -974 

.9864s 

.924 

.93709 



1.077 

I . 08826 

1 .023 

I. 03456 

.973 

.98547 

.923 

,93611 



1,076 

1.08727 

1 . 022 

1.03356 

.972 

.98449 

.922 

,93513 



1 . 07 S 

1.08629 

1.021 

I . 03256 

,971 

.98351 

.921 

.93415 



1.074 

I ,08530 

1.020 

1,03157 

,970 

.98253 

,920 

.93317 



1.073 

1.08431 

1.019 

1 . 03057 

.969 

.98155 

,919 

.93219 



1.072 

1.08332 

1 . 018 

1.02957 

.968 

.98057 

.918 

.93121 



1.071 

1.08233 

1.017 

1.02857 

.967 

.97958 

.917 

.93023 



1.070 

1.08134 

1. 016 

1.02757 

.966 

.97859 

.916 

.92925 


. ■ 

1.069 

I . 0803s 

i.ois! 

1.02658 

.965 

.97760 

.915 

.92826 


I ■ . ^ 

1.068 

1.07936 

1.014 

1.02558 

.964 

,97661 

.914 

.92727 



1.067 

I.O7S37 

1.013 

1.02458 

.963 

,97561 

,913 

.92628 



1.066 

1.07738 

1.012 

1.02358 

! .962 

.97462 

.912 

. 92529 



1.06s 

1.07639 

I. Oil 

1.02258 

.961 

.97362 

.911 

.92430 



1,064 

1.07540 









1.063 

1.07441 









1 . 062 

1.07342 









1 . 061 

1.07243 
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Table 6.-- -For Finbing Diameters of Circular Forming 
Tools for Brown & Sharpe No. 2 Automatic 
Screw Machine 


No. 2 & 2G 

No. 2 & 2G 

No. 2 & 2 G 

No. 2 & 2G 

No. 2 

& 2G 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

1479 

1478 

1477 

1476 

I 47 S 

1474 

1473 

1472 

1471 

1470 

1469 

1468 

1-467 

1406 

1465 

1464 

1463 

1402 

1461 

1460 

I 4 S 9 

1458 

1457 

1456 

I 4 SS 

1454 

1453 

1452 

1451 

1450 

1449 

1448 

1447 

1446 

1445 

1444 

1443 

1442 

1.441 

1.440 

1439 

1438 

1437 

1436 

1435 

1434 
1433 
1.432 
1.43 1 

1.49998 

1.49809 

1.49801 

1.49702 

1.49604 

1.4950s 

1.49406 
1.49308 
1.49209 
1.491 10 
1.49012 

1.48913 

1.4881s 

1.48716 

1.48618 

1.48519 

1.48421 

1.48322 

1.48223 

1.48125 

1.48026 

1.47928 

1.47829 

1.4773X 

1.47632 

1-47534 

1-47435 

1-47337 

1.47238 

1.47139 

1.47041 

1.46944 

1.46846 

1.4674s 

1.46647 

1.46548 

1.46459 

1.46351 

1.46253 

1.46154 

1.46056 

1-45957 

1.45853 

1-45759 

1.45661 

1.45563 

1.45464 

1.45366 

1.45267 

1.430 

1.429 

1.428 

1.427 

1.426 

1.42 s 
1.424 
1.423 
1.422 
1.421 
1.420 

1.419 

1.418 

1-417 

1.416 

1.41s 

1.414 

1.413 

1.412 

1.41 1 

1.410 

1.409 

1.408 

1,407 

1.406 

1.40S 1 

1.404 

1.403 

1.402 

1.401 ! 

1.400 

1-399 1 

1.398 

1-397 1 

1.396 

1-395 

1.394 

1.393 

1.392 

1.391 

1-390 

1-389 

1.388 

1.387 

1.386 

1.38s 

1.384 

1.383 

1.382 

1.381 

1.45168 

1.45070 

1.449S2 

1.44873 

1-44775 

1.44676 

1.44578 

1-44479 

1.44381 

1.44282 

1.44184 

1.44085 

1.43987 

1-43874 

1.43790 

1.43690 

1-43593 

1.43495 

1.43396 

1.43298 

1.43199 

1.43100 
1,43002 
1.42905 
1.42805 
1.42707 
1.42608 
I.42510 
1.4241 1 

1.42313 

1.42215 
1.42116 
1.42017 i 

1.41919 

1.4x821 

1.41723 

1.41624 

1.41526 

1.41427 

1.41329 

1.41230 
1.41 13 2 

1.41033 

1.4093s 

1.40837 

1.40738 

1.40640 

1.40541 

1.40443 

1.4034 s 

1.380 

1.379 

1.378 

1.377 

1.376 

1.375 

1.374 

1.373 

1.372 

1.371 

1.370 

1.369 

1.368 

1.366 

1.36s 

1.364 

1.363 

1.362 

1.361 

1.360 

1.359 

1.358 

1.357 

1.356 

1.355 

1.354 

1.353 

1.352 

I. 3 S 1 

1.350 

1.349 

1.348 

1.347 

1.346 

1.345 

1.344 

1.343 

1.342 

1.341 

1.340 

1.339 

1.338 

1.337 

1,336 

1.335 

1.334 

1.333 

1.332 

1,331 

1.40246 

1.40148 

1.40050 

1.39952 

1.39853 

1.39754 

1.39656 

1.39558 

1.39459 

1.39360 

1.39262 

1.39164 

1.39066 

1.38967 

1.38869 

1.38770 

1.38672 

1.38574 

1.3847s 

1.38377 

1.38279 

1.38181 

1.38082 

1.37984 

1.3788s 

1.37786 

1.37689 

1.37590 

1.37492 

1.37393 

1.3729s 

1.37197 

1,37098 

1.37000 

1.36902 

1.36804 

1.3670s 

1,36607 

1.36509 

1.36410 

1.36312 

1.36214 

1.36116 

1.36017 

1.35919 

1.35820 

1.35722 

1.35624 

1.35526 

1.35428 

1.330 

1.329 

1-328 

1.327 

1.326 

1.32s 

1.324 

1.323 

1.322 

1.321 

1.320 

1.319 

1.318 

1.317 

1.316 

1.31s 

1.314 

1.313 

1.312 

1.311 

1.310 

1.309 

1.308 

1.307 

1.306 

1.305 

1.304 

1.303 

1.302 

1.301 

1.300 

1.299 

1.298 

1.297 

1.296 

1.29s 

1.294 

1.293 

1.292 

1.291 

X.290 

1.289 

X.28S 

1.287 

1.286 

1.28s 

1.284 

1.283 

1.282 

1.281 

1-35329 

1.35231 

1-35133 

1-3S03S 

1-34936 

1.34838 

1.34740 

1.34641 

1-34543 

1-34445 

1-34347 

1.34248 

1.34150 

1.34052 

1-33954 

1-33855 

1-33757 

1.33659 

1.33560 

1.33462 

1.33364 

1.33266 

1.33168 

1.33069 

1.32971 

1.32873 

1.3277s 

1.32677 

1.32578 

1.32480 

1.32382 

1.32284 

1.32186 

1.32087 

1.31989 

1.31891 

1-31793 

1.31695 

1.31596 

1.31498 

1.31400 

1.31301 

I.31203 

1.31106 

1.31008 

1.30909 

1,30811 

I.30713 

1.3061s 

1.30517 

1.280 

1.279 

1.278 

1,277 

1.276 

I. 27 S 

1.274 

1.273 

1.272 

1.271 

1.270 

1.269 

1.268 

1.267 

1.266 

1.265 

1.264 

1.263 

1.262 

1.261 

1.260 

1-259 

1.258 

1.257 

1.256 

I.2SS 

1-254 

1.253 

1.252 

1.251 

1.250 

1.249 

1.248 

1.247 

1.246 

1.24s 

1.244 

1.243 

I..242 

I.241 

1.240 

1.239 

1.238 

1.237 

1.236 

1.235 

1.234 

1-233 

1.232 

1.231 

1. 30419 
1.30320 
1.30222 
1.30124 
1.30026 
X. 29928 
1.29830 
1.29732 

1.29633 

1-29535 

1.29437 

1.29339 
1. 29241 

1.29143 
1.2904s 
1-28947 
X. 28848 
1.28750 
1.28652 

1.28554 

1.28456 

1.28358 

1.28260 

1.28162 

1.28064 

1.27966 

1.27868 

1.27770 

1.27672 

1-27574 

1.27476 

1.27377 

1.27279 

1.27181 

1.27083 

1.26985 

1.26887 

1.26789 

1.26691 

1-26593 

1.2649s 

1.26397 

1.26299 
1.26201 
1.26103 
1.2600 s 
1.25907 
1.25809 
1.25711 

1.25613 
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Table 6.— For Finding Diameters of Circular Forming 
Tools EOR Brown & Sharpe No. 2 Automatic 
Screw M ACEmE--’ConMnued 


No. ; 

2 & 2G 

No. 2 

1 & 2O 

No. 2 & 2G 

No. 2 & 2G 

No. 2 & 2G 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

Base 

Line 

Radius 

1.230 

1.25515 

1.178 

1.20424 

1,126 

1.15342 

1.074 

1.10271 

1.022 

1.05213 

1.229 

1,25417 

1.177 

1.20326 

1.125 

1.15244 

1.073 

1.10174 

1.021 

1.05116 

1-228 

1.25319 

1.176 

1.20228 

1.124 

1.IS147 

1,072 

1.10076 

1.020 

1.05019 

1.227 

1.25221 

I.I 7 S 

1.20130 

1.123 

1.15049 

1.071 

1.09979 

1.019 

1.04926 

1.226 

1.25123 

1.174 

1.20032 

1.122 

1.14951 

1.07b 

1.09882 

1.018 

1.0482s 

1.22s 

1.25025 

1.173 

1.19934 

1.121 

1.14854 

1.009 

1.09784 

1.017 

1.04728 

1.224 

1.24927 

! I.I72 

1.19837 

1. 120 

1.14756 

i,c68 

1.09687 

1.016 

1-04631 

1.223 

1.24829 

1. 171 

1.19739 

1 1.119 

1.14659 

1.067 

1.09590 

1.015 

1*04533 

1.222 

1.24731 

1,170 

1.19641 

1.118 

1,14561 

1.066 

1.09492 

1,014 

1-04436 

1.221 

1.24633 

1 1.169 

1.19543 

1.117 

1.14463 

1.065 

I- 0939 S 

1.013 

1.04339 

1.220 

1.24535 

1.168 

1.19446 

1.116 

1.14366 

1.064 

1.09298 

1. 01 2 

1.04242 

1.219 

1-24437 

1.167 

1.19348 

1.115 

1.14268 

1.063 

1.09200 

l.OII 

1.0414s 

1.218 

1.24339 

X.I66 

1.19250 

1.114 

1.141 71, 

1.062 

1.09103 

1.010 

1.04048 

1.217, 

1.24241 

1.16s 

1.19152 

1.113 

1. 14073 

1,061 

1.09006 

1.009 

1.03951 

1.216 

1. 24143 

1.164 

1.19054 

1.112 

1.13976 

1.060 

1.08908 

1,008 

1.03854 

1.215 

1.2404s 

1.163 

1.18957 

i.iii 

1.13878 

1.059 

1.08811 

1.007 

1 . 037 S 7 

1,214 

1.23947 

1.162 

1.18859 

I.IIO 

1.13780 

1.058 

1.0S714 

1.006 

1.03660 

1.213 

1.23849 

I.I6I 

1.18761 

1.109 

1.13683 

1.057 

1,08616 

1.005 

1*03563 

I. 2 I 2 

1.23752 

1.160 

1.18663 

1.108 

1.13586 

1.056 

1.08519 

1.004 

1.03466 

1.211 

1.23654 

I.IS 9 

1,18566 

1.107 

1.13488 

I.OS 5 

1.08422 

1.003 

1*03369 

1.210 

1.23556 

1.158 

1.18468 

1.106 

1.13390 

I.OS 4 

1.08324 

1.002 

1.03273 

1.209 

: 1.23458 

1.157 

1.18370 

1.105 

1.13293 

1.053 

1.08227 

I.OOI 

1-03175 

r.2o8 

1.23360 

1.156 

1.18272 

1.104 

1.131OS 

1.052 

1.08130 

I.OOO 

1.03078 

1.207 

1.23262 

i.iSS 

1.18175 

1.103 

1.13098 

,1.051 i 

1.08032 

•999 

1.02981 

1.206 

1.23164 

1.154 

1.18077 1 

1.102 

1. 13000 

1.050 i 

1.07935 

.998 

1.02884 

I. 20 S 

1.23066 

1 .IS 3 

1. 17979 

I.IOI 

1.12903 

1.049 

1.07838 

•997 

1.02787 

1.204 

1.22968 

I.152 

1.17881 

1.100 

1.12805 

1.048 

1.07741 

.996 

1.02690 

1.203 

1.22870 

1.151 

1.17784 

1.099 

1.12708 

1.047 

1.07643 

• 99 S 

1 - 02 S 93 

1,202 

1.22772 

1.150 

1.17686 

1.098 

1.12610 

1.046 

1.07546 

•994 

1.02496 

I. 20 I 

1.22675 

1.149 

1.17588 

1.097 

1.12513 

1.04s 

1.07449 

•993 

1.02399 

1.200 

1.22577 

1-148 

1.17491 

1.096 

1.12415 

1.044 

1.07352 

.992 

1.02302 

1.199 

1.22479 

1.147 

1.17393 

1.09s 

1.12318 

1.043 

1.07254 

■991 

1.02205 

1.198 

1.22381 

1.146 

1,17295 

1.094 

1.12220 

1.042 

1.07157 

.990 

1.02108 

1.197 

1.22283 

1.14s 

1,17197 

1.093 ' 

1.12123 

1.041 

1.07060 

.989 

1.02011 

1.196 

1.2218s 

1.144 

1.17100 

1.092 

I.I 202 S 

1.040 

1.06963 

.988 

1.01914 

1.195 

1.22087 

1.143 

1,17002 

1.091 

1.11928 

1.039 

1.0686s 

.987 

1.01817 

r.i 94 

1.21989 

1.142 

1.16904 

1.090 

1.11830 

1.038 

1.06768 

.986 

1.01720 

«.I 93 

1.21891 

1.141 

1.16807 

1.089 

1.11733 

1.037 

' 1.06671 

i -985 

1.01623 

1.192 

1.21793 

1.140 

1.16709 

X.088 

1.1163s 

1.036 

1.06574 

.984 

1.01526 

1.191 

1,21696 

I.139 

1.16612 

1.087 

1.11538 

1 . 035 

1,06477 

•983 

1.01429 

1.190 

1.21598 

1.138 

1.16SIA 

1.086 

I.II44O 

I.Q 34 

1.06379 

•982 

1.01332 

1.189 

1.21500 

1-137 

1.16410 

1.08s 

1.11343 

1.033 

1.06282 

•981 

1.01235 

1.188 

1.21402 

1.136 

1.16318 

1.084 

1.11246 

1.032 

1.0618s 

.980 

I.01139 

1.187 

1.2x304 

1.13s 

1.16221 

1.083 

1.11148 

1.031 

1.06088 

•979 

1.01042 

1.186 

1,21206 

1.134 

1.16123 

1.082 

1.11051 

1. 030 

1.05991 

.978 

1.0094s 

i.i8s 

1.21108 

1.133 

1,16025 

1.08 1 

I.I 0953 

1.029 

1.05893 

•977 

1.00848 

1.184 

1*21011 

1.132 

1.15928 

1.080 

1.10856 

1.028 

1.05796 

.976 

1.06751 

1.183 

1.20913 

1.131 

1.15830 

1.079 

1.10758 

1.027 

1.05699 

•975 

1.00654 

1.182 

1.2081s 

1.130 

I-IS 732 

1.078 

1. 10661 

1,026 

1.05602 

: -974 

1.00557 

J.181 

1.20717 

1.129 

1.15635 

1.077 

1.10563 

1.025 

1.05505 

•973 

1.00460 

X.180 

1.206x9 

1.128 

I. 1 S 537 

1.076 

1.10466 

1.024 

1.05408 

.972 

1.00363 

1.179 

1.20521 

1.127 

I.XS 440 

1.075 

1,10369 

1.023 

1.05310 

. 971 ': 

1.00267 
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Table 7 .~-CALCtiLATiNG Diameters on Circtjear ToolsT 


Machine Where Used 







00 and ooG 

0 and oG 

^ 2 and 2G 

Diameter of Tool 

1 . 750 

2.250 

3 . 000 

Dimension A 


is 



Difference in 
Diameter of 
Piece 


Difference in Diameter of 
Tool 


Amotmt of Radial 
Difference 


Machine 



00 and 
ooG 

0 and 
oG 

2 and 
2G 

00 and 
ooG 

0 and 
oG 

2 and 
2G 

0.0625 

0.062 

0.062 

0.0615 

0.0005 

0 . 0005 

O.OOI 

0.125 

0.124 

0.124 

0.123 

O.OOI 

0.001 

0. 002 

0.187s 

0.185s 

0.185s 

o.iSss 

0.002 

0.002 

0.0025 

0,250 

0.247 

0.2475 

0 ..246 

0 . 003 

0.0025 

0. 004 

0.3125 

0.3085 

0.309 

0.3075 

0.004 

0.0035 

0 . 005 

0.37s 

0.370 

0.371 

0.369 

0.005 

0.004 

0.006 

0.4375 


0.432 

0.4305 


0.005s 

0.007 

0.500 


0.494 

0.492 


0.006 

0.008 

0.5625 


0.55s 

0-553 


0.0075 

0.0093 

0.625 


0.617 

0.614 


o.ooB 

O.OII 

0.6875 



0.675 ' 



0.0125 

0.750 



0.736 


. 

0.014 

0.S125 



0.797 



o.oiss 

0.87s 



0.858 



0.017 

0.9375 1 



0.9185 



0.019 • 

1 . 000 



0.979 



0.021 

1.062s 



1 . 040 



0.0225 

1.125 



1 . 100 



0.025 


^ Brown & Sharpe Mfg. Co. 


Corrected Diameters for Circiilar Form Tools 


Another method of calculating diameters of circular form tools 
for screw machines is given by B. S. Sample, of Tool Design Depart- 
ment of DelcO“Remy Division, General Motors Corporation. This 
method, which is stated to be faster than the usual methods, has 
for its basis the use of tables of cotangents and cosecants. The 
accompanying Table ya shows the procedure used. In practice 
the information necessary is listed on tracing paper, and white 
background prints are used for the actual calculation of each tool. 
The method of calculation will be described for an actual case. 
Assume a tool outside diameter of 3.375 inches, an offset of J inch, 
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5596 


and a minimum work diameter of 0.426 in. What is the tool 
diameter necessary to give a diameter of 0.817 inch on the work? 

The step D is found by subtraction and halving to be 0.1955. 
This is divided by C, or f , obtaining 0.7820, which is subtracted 
from the constant 6.6755 (from the chart), giving 5.8935 for the 
value of cotangent B. This is looked up in a table of cotangents, 
and the corresponding cosecant is found to be 5.9778, whi^ is 
multiplied by |, or twice the value of C, giving 2.9889 as the cor- 
rected tool diameter. The “square and square-root” method gives 
a value of 2.98890 for this same figure. 

The steps for the cotangent-cosecant method are thus seen to be : 

1. Division by a simple fraction 

2. Subtraction 

3. Consulting trigonometric tables 

4. Multiplication by a simple fraction 

Noteworthy Points.—! . Where the tool offset is a simple fraction, 
the calculation is easy. For example, to divide 0.1955 by J, multi- 
ply by 4 and obtain 0.7820. Also, to multiply 5.9778 by divide 
by 2, obtaining 2.9889. 

2. All constants in the table of cotangent A are based on the 
fractional value of the offset, to facilitate longhand calculation. 
If a calculating machine is used, the value of C should be carried to 
four decimal places in order to obtain four-place accuracy in the 
answer. Although the values of cotangent A are given to five 
decimal places, only four places need be used in the calculations. 

3. In the region used on the chart, the tabular difference between 
cotangents and cosecants is practically the same, so exact interpola- 
tion of the tables is not necessary. ‘ 

4. The answer obtained by this method is accurate Within ± i in 
the fourth decimal place, which is sufficient for most form tools. 


Example.^ — For a tool i X 3.375, calculations follow: 


Part Diam. 

StepP 

D 

' ^ ' 

Cotangent 

Cotangent 

From 

Trigono- 

metric 

Tables 

Cosecant 

B 

Cprr. 

Diam. 

0.426 minimum 
0.817 

0-1953 

■i 

0.7820 

3-8935 

3-9778 

2.9889 

0.982 

0.253 

I .0120 

3-6633 

3 - 75 I 2 

2.8756 

1. 000 

0.287 

1.1480 

3-3273 

3 -6171 

2.8085 

I". 250. ' . 

0.412 

I . (5480 

3-0273 

5.1260 

2.5630 
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Table 8 — Speeds and Feeds eor Standard Tools 
The table below is based on the use of high-speed steel tools. The figures are approximate and subject to 
change with variations in operating conditions and in the nature of the work involved. 
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0 

Feed, 

in 

Inches 

M <N w ’»tsO 

H W MOO 

00000 

0 0 0 d 0 

M 

to t' 

0 0 

0 0 

d d 

o.oois 

0.002 

0.002 

0 . 0024 

<< 

w 

Sur- 

face, 

in 

Feet j 

120 
120 ; 
120 
144 

rt Th 

0 0 

H M 

OVO 0 

W N MM 

W H H M 

w 5 

Feed, 

in 

Inches 

M « H rj-sO 

H H 0 0 
00000 

d 0 0 d d 

1 

0.0049 

0.007 

W M M (VJ 

0000 

0000 

6 6 6 6 

w s 
<< 

CO 

Sur- 

face, 

in 

Feet 

to to to 0 

H H M 

H H M M 

102 

102 

to M VO M 

W (N CJ M 

1-1 H H H 

0 

M’S 
«13 - 

Feed, ; 
in 

Inches 

O.OII 

0.022 

O.OII 

0 . 004- 
0.006 

0 . 0049; 

0.007 j 

-st t- t'* M 

M M H (M 

0000 

0000 

d d d d 

m s 

CO 

Sur- 

face, 

in 

Feet 

to to to 0 

W H M tt 

H H H M 

102 

102 

to N 0 M 

H N « M 

M H H H 

10 10 to 

H M H 

M H so 
<N M 4 

Feed, 

in 

Inches 

O\00 OtoO fO 
0\ 0\ 0\ fo to 
0 H 0 0 0 
00000 

d d d d d 

0.0046 I 
0.0066 j 

ZOO‘0 
9100*0 
9100*0 
£100 0 

S.A.E 

S.A.E 

S.A.E 

Sur- 

face, 

in 

Feet 

IIO 

IIO 

IIO 

132 

«0 VO 

0 \ 0 

ovo avo 

H M W W 

W M M M 

to 

H 

Feed, 

in 

Inches 

0.008s 

0.017 

0.008s 

0 . 0035 - 
0 . 0048 

rj- to 

0 0 

0 0 

d d 

M 

0000 

0000 

d d d d 

m 

< 

CO 

Sur- 

face, 

in 

Feet 

to to to "sf 

Ot 0 Ot w 
" 

fO ro 
00 00 

too MOO 

0\ 0 0 0 

W M W 

bo 

'^1 

CO g 

Feed, 

in 

Inches 

1 
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0.024 

0.012 

0 .0047- 

0.0066 

to 00 
to 

0 0 

0 0 

d d 

0.0016 

0.0019 

0.0019 

0.0023 

eJ.D 

oTt 

|o 

Sur- 

face, 

in 

Feet 

0 0 00 
ro M M to 

H W H M 

M ro 

H H 

M W 

OvO 000 
MM'vr’t 

H W M H 

Width 

or 

Depth 

of 

Cut, 

in 

Inches 



Width 

0-062 

0.I2S 

0.187 

0.250 

Size 

of 

Hole. 1 
in 

Inches 


t-( 

<D Vj 

- s? 

d -IM HW 


Tool Name 

Knurl tools— on 

In turret — off 
Knurl-cross slide 
Chamfer and facing 

Reamers 

m 

0 

6 


Union Drawn Steel Company. 


Ti^LE 8 . — Speeds and Feeds eor Standard TooES~Co«im«ei 
The table below is based on the use of high-speed tools. The figures are approximate and subject to change 
with variations in operating conditions and in the nature of the work involved. 
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0 0 
a 
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in 

Inches 
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R 2.S aj 
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Union Hymo 
(0,30 to 0.40 
Carbon) 
and Xi,335 

Feed, 

in 

j Inches 

W 00 

l>lO lOTf 

0000 

0000 

d 0 d 0 

O.OII 

0.022 

O.OII 

0 . 004- 
0.006 

w 

to JS 
0 0 

■ ■ ■■; 0 ■; 0 

d d 

to . -St 

H N W CM 

0000 

OO'O'O'' 

d d'd d 

d rt 0 

3 H-S « 

CO H •«!?• 

0 0 0\O. 

M H 

Q 0 0 't 
w w w -4- 

H M H M 

^ S' 

0 0 

M M 

OvO 0 t' , 

<M N rO ro 
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to 
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0 0 
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d d d d 
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H W H H 
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w w 

H M 
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H H H M 

10 

ro 

H 
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J> 10 ^ Tt 
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0000 
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O.OII 1 
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§ 
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W M H W ' 
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0000 

d d 0 d 
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m 
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d d d d d 
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d d d d 
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d d d d d 
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or 

Depth 

of 

Cut, 

in 

Inches 

^ ■ w' lio IS' o" 
\o W 00 to 
0 H MW 

, d 'd d"' d 



Width 

0.062 

0.125 

0.187 

0.250 

1 

1 

1 Size 
of 

Hole, 

in 

Inches 



P H« 


Tool Name 

. 1 

: j 

■■■■■■■■■ ■ 1 

1 

s 

. ffl - 

iCnurl tools— on 

In turret- — oiff - 
Knurl-— cross slide 
Chamfer and facing 

2 ; 

1 

J 

*§ 

+a ' 

s 


Union Drawn Steel Company, 
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SPEEDS AND FEEDS FOR SCREW- MACHINE WORK 

The accompanying tables are from the practice advocated Kv 
tie Brown & Shame Mfs?. Co* Thev rf^rommArtHi ^ 


the Brown MrcT Th^y^^o=nd 

shafts of their automatic screw machines^ 


speeds for the drive 
for all spindle speeds. 


No. 00 


No. 0 


No. 2 


120 r.p.m. 


i8o r.p.m. 


120 r.p.m. 


_ The tables are very complete and cover a large variety of wort 
m very compact form. y worit 

SPEEDS AND FEEDS FOR STANDARD TOOLS 

The tables on pages 562 to 565 give the practice of the Union 
Drawn Steel Conipany, They cover speeds and feeds for mariv 
grades of steel, using high-speed cutting tools. Steels with specif 
names may be ^ven as follows; special carburizing permits about 
IS per cent higher production than S.A.E. 1,020 and resnondJ 
readily to carburizing. Union “Free Cut” (S.A.E. 1,112? 

1^1.® standard for machinabilitv 

Supercut IS high-sulphur screw stock, permitting se per rent 
higher speeds than ordinary screw stock. “Union t??o 

machinability of Be^emer screw 
the peater toughness of open-hearth steels. “High 
CMton Hymo (0.30 to o.4o per cent carbon) combines strengthof 
and 1,040 with machining qualities that permit an 
average increase of 15 per cent in cutting speeds. 

SPEED OF BOLT CUTTERS 

feJ n?r based On a circumferential cutting speed of 2? 

feet per mmute for cast iron and 35 feet per minute for soft .wr 
^dnon up to and including 1 inch, and^3o“ et perL^nL fo 
li-mch and 2-inch sizes. The sne-Hc: arp for- tor 

. Some users run the mlch^^^s atThigW 
The Bignall & Keeler Mfg. Co. suggests a cuttinp- cnppr^ nf f 4. 

PMreadig maSe?wi?f S^dlf ^'’d 

" 5 iigh-speed dies. They find several petroleum-baS ZtinI 
compounds a good substitute for lard oil on the dies TIipca 
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Teeeading Speeds in Feet per Minute eor Pipe (Landis) 


Materials 


1 Diameter , 

! 

Merchant Pipe 

Cast Iron 

Copper 

Yellow Brass 

R.P.M. j 

Surface 

Speed 

R.P.M. 

Surface 

Speed 

R.P.M. 

Surface 

Speed 

1 i 

377 

40 

471 

50 

566 

60 

! ■ i 

248 

3 S ' 

354 ; 

424 

I ' 1 

198 

283 

338 

1 i 

150 

33 


45 - 

250 

55 

; f 

120 


200 

r I 

87 

3 G 

116 

40 

145 

50 

■ li 

69 

92 

IIS 


60 

80 

lOI 

i: ' ' 2 

48 

64 

81 

2I 

33 

25 

47 

35 

60 

45 

3 

27 

38 

49 

3 i 

24 

33 

43 

4 

21 

30 

38 

4I 

19 

27 

1 30 

40 

■ ^ 

17,2 

24 

27 

: 6 

14.4 

20 

23 

7 

12.5 

18 

20 

8 

II .0 

II 

25 

15.4 

35 

9 

7-9 ■ 

20 

9.9 

13-9 

' 10 j 

7.1 

8.9 

12.4 

II 

6.5 

8.1 

11,4 

12. , 

6.0 

7-5 

9.0 

30 

1 __ ..M.,;,: 

S -5 

6.8 

8.2 

15 

S-i 

6.4 

7.6 

16 

4.3 

18 

6.0 

6,0 

25 

i' . 

" '17 

4.0 

5.6 

5-6 

18 

3-8 

5-3 

5-3 

S: ■ ^ 20 

3-4 

4.8 

4.8 


Speeds for cast-iron pipe based on standard pipe thread 
dimensions- 











153 0^03 40 254 357 




; f? 
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.'Speeds and 'Feeds " 

The following threading speeds can be used with either tap or 
die as a working basis. These speeds will have to be varied to 
suit the job. 


Cast and Malleable Iron and Screw Stock 


Diam. in Inches 

Surface Feet 

R.P.M. 

i 

40 

1,222 

A 

40 

814 

i 

40 

611 


40 

490 

f 

35 

356 

A 

35 

305 

' i 

35 

267 

A 

35 

240 

1 

35 

210 


35 

195 

i 

35 

178 

« 

35 

165 

i ■ 

35 

153 

a 

30 

122 

I 

30 

115 

li 

30 , 

92 


30 

76 

2 

25 

43 

Threading Speeds — Brass 

i 

135 

4,126 

A 

135 

2,750 

i 

125 

1,909 

A 

I2S 

1,528 

I 

120 

1,222 

1 

120 

917 

f 

120 

715 

i 

. II5 , 

586 

I 

no 

420 


100 

306 


90 

229 

.. ' 2 

8^ 

162 


Aluminum ' 



120 surface feet per minute 
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Tabi® 9.— Threading Speeds eor High-Speed Steel rwic».„ 
For Carbon Steel Chasers Use 60 Per Cent of TWs Sneed ^ 
(Geometric Tool Co.) ^ “ 

Surface Speeds for Threads Per 

- - , . , Inch 


Tool steel _ _ 

Vanadium steel — ^monel metal- 
nickel steel — ^forged steel — open 

kearth 

Bessemer screw stock— tobin 

bronze — drawn steel — machine 
steel. 


Cast brass — bar brass — ^rubber 


3f~7| 

8-11 

12-32 

5 

8 

10 

10 

IS 

20 

20 

30 

50 

25 

50 

80 

40 

80 

ISO 

50 

100 

200 


^ In some cases they can be increased if the metal is free-cutting- 
in other cases they will have to be reduced because of the opoosite 
condition, but they swve as a very good basis. 

^ In tests, l-inch drills have been run up to oo feet per minutp 
in cast iron, with feeds up to 0.104 inch per revolution, removing 
nearly 12 pounds of metal per minute; ij-inch drills were run 
260 feet per minute with a feed of 0.145 inch per revolution 
remo vmg 37 pounds of metal per minute. This is drilling at the 
rfVl 1 16 mches per imnute. In machinery steel, the speed of a 
li-inch drill was 180 feet per minute, the feed 0.0815 inch per 

the rL 

01 44.0 mcnes per mmute. v 

Points in Threading on Automatic Screw Machines^ 

The following are some practical points to keep in mind in cam- 
mmg automatics for threading: F^mmaincam- 

^ so cammed that the die head must pull the turret alone 
instead of leading out m front, will cause defective threading 

A will result in distorted or stripped 

correct thread lobe will present the die head to the 
ork with a positive start, then recede slightly and follow uo the 
die head to completion of the thread length. ^ 

ou' lobes require a dwell at the finish of the lobe 

to allow the die head to open correctly. . ‘ me looe 

4- With the exception of one make, solid die heads have no 
allowance for the addition of a bumper spring. Therefore the die 
lobe must allow the die head to lead ahead from the start of the rise 
^ A. Ainsworth. 
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5 . Self -opening die lobes are cammed heavier than those required 
for solid die threading, 

6. Misalignment between the spindle and the turret will usually 
result in tapered threads, 

7. Worn die head parts or bent shanks will also result in a bad 
thread. 

8. Outside trips should be used if incorporated in die head. 

9. A solid die head incorporating both bumper spring and 
adjustments for misalignment of the spindle is highly recommended. 

10. Grinds on chasers will greatly affect threads produced. 

11. A die lobe designed for use with a solid die head usually will 
not allow the substitution of a self -opening die head. The cam 
will contain no dwell at top of lobe and clearances to approaching 
cross slides are usually insufScient, due to larger diameter of the 
self-opening die head. 

12. A solid die can never be used in conjunction with a die lobe 
designed for a self-opening head, as no provision is made for a 
thread-off portion on cam lobe. 

13. Threads of coarser pitch require greater allowance when 
deducting from actual rise for computing rise on a thread lobe as 
they require more power and are apt to cause belt or clutch slippage. 

SPEED OF REAMERS IN SCREW-MACHINE WORK 

The Cleveland Twist Drill Company finds the following to be 
satisfactory in their screw-machine department: 


Carbon Reamers 



Cast 

Iron 

Machinery 

Steel 

Tool 

Steel 

Brass 

Cutting speed 

Feed per revolution: 

30 ft. 

30 ft. 

15-20 ft. 

100 ft. 

i-inch hole 

0.009 in. 

0 . 004 in. 

0.004 in. 

0.007 in. 

i|-inch hole 

0.023 

o.ois 

O.OII 

O.OIS 

2 -inch hole 

0.033 

0.020 

0.016 

0.020 


High-Speed Reamers 



Cast Iron and 

Tool 

Brass 


Machinery Steel 

Steel 

Cutting speed . 

50-60 ft. 

25-30 ft. 

130-150 ft. 


Feeds the same a.s given above for carbon tools. 


The amount of stock left in hole for reaming is from about 
0.004 inch for i-inch size to about 0.009 inch for z-inch size. For 
intermediate sizes, the speeds and feeds will be approximately 
proportional to those given. 

For commercial automobile steels, in some cases, the speed may 
be as high as stated for machinery steel. For the best grades of 
finish, they recommend carbon reamers at very slow speeds, but 
good commercial finish within acceptable tolerances can be obtained 
on a production basis using the feeds, speeds, and amount of stock 


Diameter of Stock 
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mentioned. Soda water is sah'cf,^* 
a lubricant except on automatic machi? “ 
where a mmeral lard oil is used *’ 

isas.? pWofs 

Table of Angles and TnicKNEqcipo 

Circular Cxjtting-Off Tools 

" »■ «p - P.P60 i.=b, 

W is same as one-haE T fmm „ 

to^.i.o inch thickness, inclusiv® 

oven '' thickness and 

A is 23 degrees when cutting brass 
aluminum, copper, sHver, and zinc® ’ 



A is IS degrees when cutting steel, iron 
bronze, and nickel. ® =i. iron, 

_ Least thictoess used when cutting off 
holes is the lead of two and 
one-nalf threads plus 0.010 inch. 

, Least thickness used when cutting off 
into reamed holes smaller than |-inch 
diameter as 0.040 inch. ^ ^ 

'if®'* when cutting off tubing 
diametw?'^* ^ given for corresponding 

used when angles or radii 
start from outside diameter of tool is 
governed by vapdng conditions and 
determined accordingly. 
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Tolerances for Pieces Made in Screw Machines 
(Outside Diameters) 

Running Fits not to be Ground 

To | 4 nch diam. inclusive 0.0005-0.0015 inch small 

To i»inch diam. inclusive. ....... 0.001 -0.002 inch smM 

To 2-inch diam. inclusive 0,0015-0.0025 inch small 

To 3^-inch diam. inclusive — — 0.0015-0.003 inch small 

Standard Fits not to be Ground — ^All Sizes 
Standard to 0,001 inch small 

Driving Fits not to be Ground— All Sizes 
0.0005 to 0.0015 inch large 

Pieces to be Ground- — Amount of Stock to be Left for Grinding 

To I -inch diam. inclusive 0.005-0.007 inch large 

To 2-inch diam. inclusive. 0.007-0.010 inch large 

To 3|-inch diam. inclusive. ... 0.010-0.014 inch large 

Screw-Machine Limit 

Work made on screw machines cannot be made practically to a 
closer limit than 0.0005 inch either side of a fixed figure (o.ooi-inch 
limit). If closer work is required, it must be made large and 
ground to limit required. If no limit is given on the large part of 
piece and if not otherwise stated, it can be left stock size. 

Grinding Allowance for Bronze Bushings 
(Outside Diameters) 

Standard Holes (Reamed). — ^All holes, including parts made in 
screw machines, unless otherwise specified, are standard diameters. 
Plugs 0.0005 inch small should go in. Standard plug should wring 
in. Plugs 0.0005 inch large should not go in. 

Operating screws should be ground on the outside diameter of 
the threaded portion to a limit of Standard to 0.002 inch small. 

ESTIMATING SGREW-MACHINE WORK 

The accompanying table may be used in connection with the 
estimating of material required for screw-machine work. 

The first column in each division of the table gives the length 
of the piece plus the width of the cut-off tool. The second column 
gives the number of pieces per foot of stock length and the third 
column shows the length of stock required for 1,000 pieces. 

While the amount of waste at the end of the bar aries under 
different conditions, such as size of stock, etc., a fair average of 
allowance in excess of theoretical lengths is represented by addition 
of li per cent for small sizes, say, up to | inch, and about 2 per cent 
for larger work. 


f 
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SCREW-KACHINE Work, Number oe Pieces Per Foot or 
AND Length OF Stock for 1,000 Pieces ^ 


f rS 

c|s a^o 

I ”0 ,2 as 


f t “oil! add : 


per cent for work above 


STANDARDS FOR ROT^mO AIR CYLINDERS AND 

AUAFrJERS, 1932 

B fits the 6- and S-iach cyUadera Md adSter 

fitted to individual air cylinders. The strokes l.ref°*^ 

.6to.^di*£;;:;;--^ 

paJatiVdyVr^aRtole?th?dkniete^^ ‘=°»- 

as is constant with tiie reSte^^''. 
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moffL 


In order to make it easy to compute the lengths of draw rods, 
the end of the piston rod projects i inch beyond the face of the hub 
on all sizes of air cylinders when the piston is at one end of its 
stroke and projects i inch plus the length of the stroke when the 
piston is at the other end of the stroke. 

The standard adapters are made with hubs large enough to 
take care of the majority of cases. The piston rods and adapters 
of this standard have been designed to withstand stress resulting 
from air pressures up to loo pound per square inch. It is intended, 
however, that these pistons and adapters may be applied to hydrau- 
lic cylinders or to other mechanical operating devices which do not 
develop working stresses in excess of those developed by the 
corresponding sizes of air cylinders. 

STEPS IN SCREW-MACHINE CAM DESIGN^ 

1. Draw any vertical line AB^ Fig, 21, and through its center 

draw any horizontal line CD. The latter represents the center line 
of the work and spindle. Against . « * 

and to the right, draw the finished 
work, with its small end toward D. ^ 

To the left of AB (i in. or more) draw ‘f ^ /jA ^ 

parallel line EF, This is the face line 

of the spindle chuck. Extend the Cutoff' PT 1 

largest diameter of the work lines 

to the left, cutting EF. Draw form I H ^ 

tool groove G in work. I If 

2. Determine the method for ^ ■ - ^ 

machining; whether entirely formed u , , 

by the front or back tools, and cut off, 

or if first turned from the turret, and J n ^ 

then formed and cut off. This de- nllU.. r ^ 

pends upon ratio between width of ^ U 

form cut and work diameter. Chuck fool 

3. Determine the cutting travel, race p g j 

r„'s;‘"wt'as “«• 

these tools must work alone, or if either one or both can start together 
with a turret tool. 

4. Select the machine. This involves diameter of stock, length 
of finished piece, extreme length that can be turned, rigidity of 
machine for the work, lowest speed of machine (whether it is too 
fast for threading), greatest length of tools the turret will swing, and 
the diameter of special tools the turret will swing, if used, 

5. Determine the working position of the form and cut-off tools 
and draw them on the sketch. 

6. Draw another vertical line JET/ to the right of the work, 
representing the turret face, at the nearest position between turret 
and chuck, and so dimension it. Add dimensions from the turret 
face to each shoulder, 

7. Determine the revolutions per minute of the spindle, forward 
and reverse. Reverse is needed only when threading. 

1 C. W. Hinman. 
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— ^Laying Out Cams 


S8o ' SCREW-MACHINE TOOLS, SPEEDS, AND FEEDS 

8. Detennine tEe order of operations. Name each one tlist 
requires time to complete, and write them in orderly seouenrD 
below the other, on a trial layout sheet. ^ 

9: Determine the cutting travel or throw for each turret tool 
Write these after their respective operations on the trial layout 

10. Select the feed per revolution for each turret tool. Wn-fa 

these after their respective operations. * ^ 

11. Calculate the number of revolutions for each ODeratior> 

Revolutions = travel ^ feed. ^ 

12. Complete the trial layout. Estimate about 20 revolutiom 
for each operation of indexing and to feed the stock, then total with 
all the machining operations. Compare the total revolutions with 
the tabled of actual number of revolutions to make one piece on the 
machine selected. Choose the next higher number in the table and 
substitute it on the layout. Also determine from the table the 
exact number of revolutions for feeding and indexing, and sub- 
stitute. Spread the extra revolutions, if any, on the heaviest cuts” 
and recalculate the feeds. The total number of revolutions must 
equal the actual number of revolutions chosen. 

13. Determine from the table the time in seconds to make one 
piece and select the change gears. 

14. Insert the number of hundredths of cam surface for each oner- 
ation. The number of hundredths is found by dividing the number 
of revolutions for the operation by the actual number of revolutions 
to make one piece, with two places pointed off from the right. 

15. Total divisions must be 100. 

_^i6. Finish the layout, allowing for dwells and tool clearances 
When using the slotting arm, one turret hole, previous to feedine-* 
must be vacant to clear the arm. - 

17, Determine where the form and cut-off tools are to bedn and 
end their work. The cutting-off lobe usually ends at 99^ 

^18. There should be from 5 to 7 hundredths cam clearance 
between ah large turret tools and the cross-slide front or back 
tools, if either of the latter follow next. 

the layout, cutting down the heights 
of the lead cam lobes, if necessary, to suit the tool body lengths 
(plus i in.) as compared with the shoulder dimensions in the sketch 
'l.obes on front and back cams are usually the same height as th^ 
cam-blank radius, 

be' sufficient time to index the turret past its 
idle holes while cutting oS. Example: For Brown and Sharpe 
No. o machine, it requu-es f second to feed stock or to revolve the 
tuiret once. If the spmdle speed is 1,207 revolutions per minute, it 
will require 13 revolutions to index once; 26, twice; and 39, three 

21. Check the feeding distance for the extreme length of the feed 
for one throw of the feedmg finger. 

22. When right-handed threading is performed, the fast speed of 
the sjnndle wfi be backward, and the slow foryjard. For left- 
nandea threadmg, conditions are reversed. 

of revolutions for threadmg off is the same as the 
number of threads m the length to be threaded plus 4, 

> This refers to the tables in Brown and Sharpe sorew-maohine treatise. 
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24. Number of revolutions for threading on in the layout is the 
number for threading off, multiplied by the ratio found by dividing 
the fast spindle speed by the slow. 

25. If taps are coarser than 18 pitch and dies coarser than 16 
pitch, for screw stock, provide two threading lobes, one for roughing 
and one for finishing. On tool steel, the same applies to taps 
coarser than 24 pitch and to dies coarser than 20 pitch. 

26. Check the threading operation, whether a releasing or a 
nonreleasing holder is required. 

THREAD LOBES FOR SCREW MACHINE CAMS^ 

The following five methods show the difference in required die- 
lobe rises on Brown and Sharpe cams for a screw threaded for a 
distance of 0.875 i^ch at forty threads per inch, wnth a self -opening 
die head. Each method results in the same ultimate thread. 

1. A die lobe representing the exact duplication of a lead screw in 

an engine lathe; a 40-pitch thread advances 0.025 inch per revolu- 
tion of spindle or part. = 0.025.^ Thread length of 

I inch equals 35 revolutions. - 35 re v.^ To this add 

three revolutions for approach to the work, making a total of 

38 revolutions to thread the part. Multiply the 38 revolutions by 
the 0.025 inch rise per revolution to determine that 0.950 inch die 
lobe rise is required. 

2. The general recommendation of self -opening die head manu- 
facturers is the actual lead as shown by method i, plus 5 per cent. 
Required die lobe rise is then 0.950 inch times i.o^, or 0.997 inch 
die lobe rise. 

3. Another principle holds that the die head must advance 12.5 
per cent ahead of lead on the cam as compiled by actual required 
lead on the part to be threaded. After this is determined, divide 
results of 12.5 per cent less than actual lead into the length of thread 
required. This result equals actual revolutions required to com- 
plete the thread. To this add four revolutions for approach and 
the total number of revolutions is determined. To find the required 
die lobe rise multiply the actual i lead by the total revolutions and 
then subtract 10 per cent. Converting this into figures we find 
that a lead of 0.025 minus 12.5 per cent equals 0.022 inch lead. A 
threaded portion of 0.875 i^^h divided by 0.022 inch lead equals 

39 revolutions. This plus four revolutions for approach equals 
43 required revolutions of spindle to complete the thread; multiply 
43 revolutions by 0.022 lead equals 0,946 inch rise; this less 10 per 
cent equals 0.852 inch — the required die lobe rise. 

4. By a fourth method the following information must be known : 

(a) Actual number of revolutions required to thread; (&) 10 per 

cent of this figure to add for approach; (r) ratio between threading 
and cutting spindle speeds; 0) complete machine cycle time to 
produce one part; (e) spindle speeds at which job is to be run; (/) 
die lobe revolutions converted into hundredths of cam space, and, 

1 A. Ainsworth. 


i 
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of cam space at threading 

aMn'roper^ 

Afference between spindJe speeds =^atio of 

or 39 X 2.22 e^quals 86 reVutbnT° W-?^ 

U-S revolutions per o.or of cam''spaceT'' '^Thu. Rs revoIuPong 
to complete the tCdf the«W Tfi r "rl 

I’evolu^ons 

css: SeXSa 
Numerically this is; X 2 o? V in - m 

die lobe rise. o.973 mch required 

S. Another widely used formula is: 

Die lobe rise j ;gyoIutions re quired to thread 
number of threaS per inch 

Ya variable constant for 

X <poups of threads 
Ihnownas^ and".S. 

0.88 for 28 to 48 threads per inch. 

Translated to our example this is ^ X o 88 = o S,fi • ^ 
required die lobe rise. 4° ' °-®36 inch 

Methods I, 2, and 4 Recommended 

- 1' »ow th.. 

ever, the former mithod Sows morl r^ How- 

when proportioned out to egnal adir,fr» ^ thread and 

to be less than No. 5. This means t^t the ® is found 

the^4mlR&*e®^^^^^^ ^hich allows lead on 

work spindle revolu&m A^olier 

for worn index parts to eliminate varSnc^! in compensates 

IS the outside trio Whpn o Y thread length. This 

required lead, tL^ouS?trip equalY exceed 

regardless of machine wS:.' ^ equal threaded lengths 
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Tmm ga. — Results of Thread Lobe Rise Calculations by the 
Five Methods Described 
(Figured for Self -Opening Die Heads) 


Method 

Req. Rev. 
to Thread 

Req. Die 
Rise Lobe 

Die Head 
Adv. per 
Spindle 
Rev. 

Lgth, of 
Thd, 
Portion 

Threads 
per Inch 


38 

0.950 

0 023 

0.87s 

40 

^2 

38 

0.997 

0.026 

0-875 

40 

3 

43 

0,852 

0.019 

0.87s 

40 


39 

0.973 

0,025 

0-875 

40 

, S' 

38 

0.836 

0.022 

■ 0.87s 

40 


1 Recommended. 


Table gb. — Variation in Thread Lobe Rise Calculations by 
the Five Methods 

(Applied to Cams for Use on Solid Die Heads) 


Method 

Req. Rev. 
to Thread 

Req. Die 
Rise Lobe 

Die Head 
Ady. per 
Smndle 
Rev. 

Lgth. of 
Thd. 
Portion 

Threads 
per Inch 

I 

38 

0.950 

0.02$ 

0.87s 

40 

■■ 2 . 

38 

0.997 

0.026 

0.87s 

40 


43 

0.852 

0.019 

0.87s 

40 

4 

39 

0,876 

0.0225 

0.87s 

'.■40"'.':: 

^5 

38 

0-753 

0.0198 

0.87s 

40 


1 Recommended. 


Experience recommends tliat method i, 2 or 4 be used to deter- 
mine self-opening die thread lobes. 

With solid dies, where the die must be threaded on and off the 
work, different factors must be taken into consideration. The die 
head must lead on the thread-on and thread-off portion of the lobe, 
as faulty threads may be produced during either operation. Gen- 
erally speaking there is no bumper or compensating spring in solid 
die heads, thus the lead on the die lobe must permit a slight lead 
off from the start. However, too much lead would result in the 
die head pulling out to its extreme and causing stripped threads, as 
the die head pulls the turret forward, rather ftan the cam pushing 
the turret forward. On the thread-off operation the same difficul- 
ties are encountered. An incorrect thread-off lobe will cause the 
turret to pull the die head off. This is caused by the cam dropping 
away too quickly. Crowding of die head back into the holder 
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before it is clear of wotkjs caused by a cam designed with drop away 
too slow. Either condition results in poor threads. 

A cam lobe for a solid die head requires more care and consider- 
ation than is required for the construction of one for a self -opening 

Reviewing the requirements of the two types of die heads we 
find that the first two methods of determining the thread lobe rise 
cannot be applied to calculations for the solid die heads. 

Method 3. — This is entirely satisfactory for solid die-head lobe 
construction, but care must be taken to use the extra revolutions, 
which require more cam space and thereby decrease the actual lead 
on the cam. 

In applying method 4, take this same formula and use only 90 per 
cent of the die lobe rise computation obtained. On the example 
used this would result in a die lobe rise of 0.876 inch. 







^ Fig. 22. ^ Fig. 23. 

Fig. 22.— -Cam for Self-Opening Die Head Showing the Lobe and 
Dwell! The Part for Which This Was Designed Is Identical with 
That to Be Reproduced by the Cam in Fig. 23. Index Cycle Time 
Is 3 Seconds and Spindle Speed Is 600 to 1,200 Revolutions per 
Second. 

Fig. 23. — Cam for Solid Die Head to Be Used in Producing the 
Same Part as That Resulting from the Use of the Cam in Fig, 22 
with a Self -Opening Die Head. The Same Cycle and Same Spindle 
Speeds Are Used in Both Instances. 

Method 5. The use of this method will, of course, result in the 
same calculation as for the self -operating die lobe, or a required die 
lobe rise of 0.836. Experience has shown that the use of this 
method, with a further reduction of from 8 to 10 per cent on the 
results of its calculation, produces a desirable thread lobe for solid 
die head threading. On the example shown this would mean a 
required die lobe rise of approximately 0.753 inch. Figures 22 and 
23 show cams for both types of dies. 

KOTRLING TOOLS FOR AUTOMATICS 

A simple method of knurling on Brown and Sharpe automatics, as 
to- setting up,, adjustment, and cam design, for plain parts, is as 



K.N’U;KLING' tools 


sLown in Figs. 24 and 25 -with side knurl holders where there is no 
need of turret tools. With a turret support, Fig. 26, wide knurling 
can be done. A. Ainsworth pain ts out, however, that considerable 
side pressure results from this method of knurling, and that it is 
advisable to use light feeds and to provide for a dwell at the end of 
the cam rise. The side knurl holder is a circular disk similar to a 




^50 pi feh 70 ° knur f 
knurl 

Fig. 24. 


4 rr pm%jrn 


H103% ‘ 

40 pitch yo'^straighh 
knur/ OJ6S^^omt*’Gfiei. 
ffft&r knurl 

Fig. 25. 


„ (0.10’' . ^^Diamonef knur/ 
'\ \ over bras^ 


0.25'*c(ia. I I 30 pitch 90^ knur/ 

0.266”^^. din. ^ 

0.500'/-*'' after knur! ^ 

Fig. 26. 


3[ ^No.4B.A 

v-H thread 

I '^0.35" 

Fig. 27. 


Diamond knurl over 
’^'dia. stock 


T T I I Diamond knurl P — 

[ over ^"dia. stock [ [| [J J 

Fig. 28.' ' ■ Fig,' 29. 

Figs. 24 to 29. — Knurling Tools for Automatics. 

cross slide circular tool. Mounted into the face of this holder is a 

single or double knurl rotating on ground steel pins. 

Five types of tool holders are seen in Figs, 35 to 39. A very 
versatile type is shown in Fig. 37. It can be used to produce 
straight, diamond, or helical knurled diameters with a pair of 
straight knurls, by adjusting the knurls in their blocks.^ It can be 
fed at a much greater rate than the cross slide types. Side pressure 
is eliminated, but it requires knurling both on and off the work. 
The off-feed, however, is double that of the on-feed. As a result, 





!!■ 
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the cam lobe forturret knurling closely resembles a solid threading 
die lobe and IS often confused with it. ^ 

This method of knurling can be used when cross slide tool holdpr« 
are required for other tools. Cam design and setup are rather 


II) ^^ 0.624 

ij a/50"\ 


^5^" I over^'Utcf.sfock 


No, 2 B.A.+hread 


Fig. 30. 


,OJ9I^-‘OJ95”ciia, over knur/ 

? Mil 

^ S I //nurf SOtSptfch 

Knur! from fron/ side 
Fig. 32. 


, 0.2 so ''a f/er knur! 


itfCD width of 

►jvfca/^ cut off portion 


Fig. 31. 


> fc ft Cs5 
S© Qo v> go <ci 


Swing knurl 


27T.PJ. aS.F, 
aS36-aSS4’^ 


arns^xw 



i;4-P *4 

\,....^/_53 lS . J 

34. Fig. 35. 

Figs. 30-35.— Knurling Tools for Automatics. 

sinmle, and faster feeds and lower clearance requirements often 
lead to its choice over swing-knurling. Use of the turret knurl 
eaves the cross slide to remove the burr. 
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After one piece of work has been severed from the bar (Fig. 27), 
the combination cut-off and form tool drops back to allow threading 
and knurling, then again approaches the work to remove the burr. 
Again dropping away, the cam allows the finished piece to be fed 
to length and the cut-off tool, approaches to sever the part* 

A second method is shown in Fig. 28. Here knurling is over stock 
diameter and requires no forming to size. The form tool is designed 
either to break corners or to produce a chamfer, as required. Fig. 
29 illustrates the third method. This can be applied where the 
length of the part is not prohibitive. The part is knurled over its 




Fig. 36. 


Fig. 37. 





F1G.38. Fig,39. 

Figs. 36-39. — Knurling Tools for Automatics. 


entire length. The form tool immediately follows the knurling 
operation and removes the knurl wherever it is not required. 

Figure 30 shows another type of knurling which can be done with 
the adjustable turret method. By forming or box-tooling previous 
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to the knurling operation, much machine time is saved, as it is not 
necessary to Imurl the entire length of the part. This may be used 
when the diameter to be knurled is larger than any other diameter 
over which the knurl must pass to reach the starting point. 

The use of top and bottom knurl holders for cross slides is similar 
in principle to the use of a side knurl holder. A hub is ground on 
the circular tool and the knurl inserted over this and clamped into 
the cross slide tool post^ together with the circular tool. An adjust- 
ing screw permits the knurl to be set as required. 

This method is applied when all the turret positions are close to 
other necessary tools or where no other turret tools would be 
required, provided that the part can be top and bottom knurled. 
It can be applied only when the required knurled width does not 
exceed that of standard knurls mounted in holder (Fig. 31). it 
cannot be Used where the required knurl is close to either form or 
cut-off tool. 

In Fig. 32 it can be seen that a top knurl holder is used in conjunc- 
tion with a combination cut-off and form tool and a side knurl 
holder. The part is fed to length into a combined stop and support. 
The combination cut-off and form tool, which contains top knurl, 
advances and knurls the large diameter. Passing over the top of 
the bar, the knurl loses contact and the cut-off tool severs one piece 
and finish forms the next. Drop back on the cam allows this holder 
to clear the side knurl holder, advancing to knurl the small diam- 
eter. At the completion of this knurl the cut-off tool again returns 
to remove the burr. This fourth method requires somewhat com- 
plicated camming. Provision must be made for approach of the 
knurl before the cross slide can feed the knurl into the work. At 
completion of knurling, extra clearance must be provided to assure 
the cross slide clearing away before the swing knurl can be indexed 
out of position. 

Figures 33 and 34 show two types of work that can be done more 
easily, or only, by the swing tool method. The knurl in Fig. 33 
could be done only in this way, while the operation in Fig. 34, if 
done by side knurling, would require the use of special width knurls. 
In turret swing knurling on this job, a J inch wide knurl is fed into 
the bar by cross slide and then allowed to dwell while the turret 
advances the knurl along the bar to complete the knurled width 
required. 

In swing turret knurling, a guide is required to replace the regular 
raising block on right-hand cutting jobs. When a left-hand spindle 
direction is required, no block can be inserted under the front cross 
slide if a cutting tool is to be applied in this position; a special guide 
is installed by bolting to the side of the toolholder. 

AMERICAN STANDARD CIRCULAR AND DOVETAIL 
FORMING TOOL BLANKS OCTOBER, 1943 

This standard covers sizes and types of circular and dovetail 
forming tool blanks for automatic screw machines. The purpose 
is to provide interchangeability and to permit the reduction of the 
number of blanks now in use. 
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CIRCULAR TOOLS S.S2g 

In order to establisli a minimum number of blank siz;es, the 
machines have been classified, for reference purposes, into six 
different groups of comparable stock capacities. Each group of 
machines takes a definite size of tool The group numbers have 
been arbitrarily assigned to identify , the size of tool with the 
machines in which it is used. 

The illustrations and dimensions of the different designs have 
been separated from the machine classification in order that in the 


Table io.—Machine Classification 

(Dimensions in Inches) 


Group 

Num- 

ber 

Type of Machine 

mum 
Ca- 
pacity 1 

Group 

Num- 

ber 

Type of Machine 

Maxi- 
mum 
Ca- 
pacity 1 


No. 00 Brown and 




if Gridley 

if 


Sharpe 

S 


If Acme Qridley 

i| 

I 

No. Ip Brown and 




No. 206 New Britain 

1 1 


Sharpe 

1 



No. 415 New Britain 

i| 


Index "o” 

A 


No. 410 New Britain 



1 Cleveland 

1 


i| Gridley 





— 


if Greenlee 



1 Gridley 

1 

4 

No. 4 Brown and 



1 Davenport 



Sharpe 

i| 


^ Acme Gridley 



2 Greenlee 

2 


No. 0 Brown and 




2 Gridley 

2 


Sharpe 

1 

i- 


2 Cleveland 

2§ 

2 

1 Cleveland 

. 1 



2X2! Cleveland 

3i 


1 X i Cleveland 

I 



2i Cleveland 

2| 


No. 204 New Britain 



2i X 2f Cleveland 

3i 


1 Greenlee 

I 



2t Gridley 

2i 


1 X li Cleveland 



2I Greenlee 

2i 


1 Gridley 


f 


No. 6 Brown and 



I Acme Gridley 

I 



Sharpe 

2| 


No. 172 New Britain 

1 



No. 208 New Britain 

2I 


No. 2 Brown and 




No. 42s New Britain 

2} 


Sharpe 

I'l 

i 

S 

2f Gridley 

21 


li Gndley 




2| X 3I Cleveland 

3t 


Cleveland 




2| X 4 Cleveland 

2j 

3 

I i Cleveland 

li 

1 


3 Gridley 

3 


i| X i| Cleveland 
i| X x| Cleveland 

15 

1 


3 ^ Gridley 

3 VV 


i^ 





Greenlee 

ri 



3i Gridley 

3i 


i l Gridley 

li 

1 


3f Gridley 

3i 


Greenlee 




4 Gridley 

4 


If Gridley 

li 



4 Cleveland 

4 






4i Cleveland 

4^ 





6 

4 1 Cleveland 

4i 






4I Gridley 

4i 






4! Gridley 

4i 






S Gridley 

s 






si Cleveland 

si 






6| Cleveland 

61 






7I Cleveland 

7f 


1 The group classification numbers apply to all machine models of the 
respective makes listed having the maximum capacities indicated. 
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future new models of machines may be introduced into the 
ti’^ groups without affecting the standardization of tool blanks 
. f o facilitate procurement of tool blanks from commercial sourrpQ 
circular tools have been designated by outside diameter and width 
of tool blanks and dovetail tools by group number and width of tool 

Circular Tool Blanks 

A circular tool blank is a disk with a centrally located mounting 
bole, plain or threaded, and a number of adjusting holes in the side 
Circular blanks are used for making forming and cut-off tools bv 
machining the periphery to the form of the product to be made" A 
notch is ground in the periphery to provide a cutting edge. 

Dovetail Tool Blanks 

A dovetail tool blank is a square or rectangular block having an 
external dovetail machined on one side throughout its whole length 
for clamping in the toolholder. The dovetail is slotted to provide 
adjustment. Dovetail blanks are used for making forming and 
cutting-off tools by machining the desired formed profile in the side 
opposite the dovetail and throughout its entire length. The top of 
the formed section is the cutting edge. 


CIRCULAR FORMING TOOLS 
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Table ii. — Typical Circular Forming Tool Holder por 
' Machines IN Group I 
(Bimensions in Inches) 


Machine Group 
Number 

Width of 
Blank 

\A 

Bolt 

Tool Post 

' 

Length 

P 

Thread Size 


i 

a 

4 

1 to l6 

A 


i 

i 

1 to i6 

A 

.1 

i 


1 to i6 

A 


f 

' .li ■ 

1 to i6 

A 


■ ^ 

: '■ 'll ■ 

I to 1 6 

A 


Tolerance for dimensions not otherwise specified shall be held to ±o.oio. 
1 Tolerance for length of bolt is ± 1^. 

® Screw thread shall be made to Class a (NC j 2, ASA. Bi.i-ipss)* 


i 
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Table 12. — Typical Circular Forming Tool Holder eor 
Machines IN Groups 2 and 3 
(Dimensions in Inches) 




Bolt 

, Adjusting Pin 


Machine 

Width 





Tool ■■ 





Group 

Number 

of Blank 

Length! 

Thread 

Size2 

Radius^ 

Diam- 

eter* 

I Post 


A 

/ 

d 

g 

h ■ 

e 


i 

xi 

i-x 3 


0.18s 

i 


i 


I-I3 

ii 

0.18s 

i 

2 

1 \ 

! 

|~I 3 

ft 

0.185 

I 


I ■ i 

xi 



0.185 

■1 


li .1 

2 ■ . ! 

1-13 

ft 

0. iSs 




xf 

t-ii 


0.185 

ft 


f 

xf 

1-1 1 

f 

0.18s 

ft 

3 

I 

xj 

i-ii 

i 

0.18s 

ft 



4 

|-ix 

f 

0.18s 

ft 



2i 

f-ix 

i 

0.18s 

ft 


Tolerances for dimensions not otherwise specified shall be held to ± o.oi o. 
' Tolerance for length of bolt is ± -h* 

2 Screw thread d shall be made to Class 2 (NC 2, ASA 
2 Tolerance for the radius of the adjusting pin g is ±0.001. 

* Tolerance for the diameter of the pin is -f 0.000 — o.ooi. 
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L /^dJysHng 
plate . , 

I'-'j l■’9l.0,f 

•!« ssja "l'* ^ 

AuKiIiary%jt'i tJ-J Tool holder 

" -7P ' / ^ binding 


_ Adjusting pin 
"sfud ' 


13. — Typical CmcxTLAR Forming Tool Holber eor 
Machines in Groups 4, 5, and 6 
(Dimensions in Inches) 

Bolt Adjusting Pin) . 


Length! Thread^ Body^ 


Head Ra- 1 Diam- 
dius* eter® 


Tolerance for dimensions not otherwise specified shall be held to ± o.oio. 
! Tolerance for length of bolt / is ± 

* The screw thread d shall be made to Class 2 (NC 2, ASA Bi.i-ipss). 

» The body of the screw h shall have a tolerance of 4 *o*ooo, — 0.001 . 

* Tolerance for the radius of the adjusting pin g is ±0,001. 

® Tolerance for the diameter of the adjusting pin h is +o.ooOt — o.ooi. 
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Table 14. — Dimensions for Finished Blanks foe Circular 
Forming Tools with Threaded Mounting Hole 
, (Dimensions, except pitch, in inches) 


Diameter Width Adjust- Diam. Pitch 
Group Basic ^ ^ ingHoless of of 

Num- Blank Thread- Thread- 

her Sizei ed Hole* ed Hole® 

Max. Min. Max. Min. C® E ■ E 


1 Blanks are designated by the basic outside diameter and width. Blanks 
made of high-speed steel shall be stamped H.S. 

* Six adjusting holes shall have a minimum depth of i inch, greater depth 

or through holes optional. Adjusting holes shall be equally spaced on the C 
diameter circle and slightly chamfered. . 

* Diameter C of location circle shall be ±0.002. 

^ Diameter of adjusting holes D shal be ± 0.002. 

®The threaded hole E shall be held within Class 2 tolerances (NC 2, ASA 
Bi.i-ip3S. Both ends of threaded hole JS shall be chamfered 35 degrees. 
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TABtE 16. — TmcAL Dovetailed Forming Tool Holder with 
Collar Head Screw Adjustment 
(Dimensions in Inches) 


Ma- 

chine 

Group 

Num- 

ber 

Dovetail 

Screw 

Loca- 

tion 

n 

1 

Adjusting Screw 

Bot- 

tom 

Width! 

u 

Thick- 

ness 

P 

Be- 

tween 

Plugs* 

T 

Diam- 

eter 

GO 

Top 

Width 

t ' 1 

Collar 

Thread 

Size^ 

J 

Diam- 

eter 

m 

Thick- 

ness* 

S 

l \ 

0 , 647 


0.13S 


tt 1 

it 


0.122 

i-28 

2 

0.897 

fl 

0,214 

i 


ft 

f 

0.122 

/r'24 

■3 ■ :.i 

1.272 

11 

0.438 

A 


t| 


0.152 

A-"24 

■4 ' ■■■; 

X,790 


0.766 

t 

xii ; 

ft 

ft 

0.184 

f-24 

,'5 '■ 

1 . 790 

ft 

0.766 

f 

ili 

If 

fl 

0.184 

I-24 

. 6 ■ 

2 .040 

h 

0.674 

i 

I w 

H 

I 

0.24s 

1^20 


Tolerances for dimensions not otherwise specified shall be held to +o.oiO’ 

1 Tolerance for the depth of dovetail is ±0.003. 

2 Tolerance lor the dovetail measured between plugs r is +0.002, —0.000. 
8 Tolerance for thickness of collar is +0.000, —0.002. 

^ The threads shall be made to Class 2 (NC-2, ASA Bi. 1-1935). 
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Fable 17. — ^Typical Dovetailed Forming Tool Holder with 
Hook Bolt Adjustment 
(Dimensions in Inches) 


Ma^ 

chine 

Group 

Num- 

ber 

Dovetail 

Screw 

1 Loca- 
tion 

n 

Adjustii^ Stud and 

Bot- 

tom 

Width 

u 

Thick- 

ness! 

P 

Be- 

tween 

Plugs* 

r 

Plug 
j Diam- 
eter 

G» 

Top 

Width 

t 

Length 
of Toe 

I , 

X ' 

Thick- 
ness 
of Toe 

y 

Thread 

Size® 

J 

I 

0 . 647 

H 

0.13s 

iV 


if 

i 

1 

1-28 

2 

0.897 

it 

0.214 

i 

li 

i 


* 

, *"-24 

3 

1.272 

li 

0.418 


1 

\ 

i 

i 

iir -24 

4 

t. 790 

p- 

0.766 

i 

i|| 

if 

i. 


1-24 

5 

1 . 790 

p 

0 . 766 

1 


•h 

is 

is 

1-24 " 

6 

2 : 040 

u 

0.674 


I /jT 

is 

is 

■■ 

/s-ao 


Tolerances for dimensions not otherwise specified shall be held to +0.010. 
1 Tolerance for the depth of dovetail p is ±0.003. 

* Tolerance for the dovetail measured between plugs r is +0.002, -0.000. 
» The threads shall be made to Class 2 (NC 2, ASA Bi.i-ipss). 
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Carbide Tools 

There are so many factors involved in the economical use of 
recent discoveries in high cutting speeds that many become, con- 
fused and feel that nothing can be done without new machine 
equipment. While many machines now in use have neither power, 
speed, nor rigidity sufficient to utilize carbide cutters to their 
maximum capacity, production can be improved in most cases 
by a careful study of the various conditions necessary to secure 
greater output. 

As tool cost is a major consideration, both first cost and tool life 
are important. While the cost of carbides is much less than form- 
erly and will probably be still further reduced, the use of fewer 
teeth lessens cutter cost as well as the cost of grinding. 

For this reason the use of fewer tips lessens the cost both for 
carbide and for brazing them to the body. Experience indicates 
that tool life is increased by using thicker tips. Even with no 
saving in total carbide cost, there is still less expense in the attach- 
ing of the tips to the cutter bodies. Care must be taken to be sure 
that the brazing is well done, as heavy chip loads per tooth some- 
times loosen the tips from the body. 

Some find that the use of the induction coil gives better results 
than that of the torch, and that the body of the cutter should be 
heated hotter than the tip itself. Arthur A. Schwartz of Bell 
Aircraft Corporation finds that the brazing material known! as 
Eutectic No. 1800 gives good results. 

There is also a tendency to make cutters with teeth of solid 
carbide clamped or wedged into a suitable body of cast metal such 
as Mehanite or of low carbon steel 

Tool life and work finish are affected by the smoothness of the 
cutter surface. This depends both on the pade of abrasive used 
and on the relation between the wheel and the feed. A smooth 
chip surface on the tool permits an easier chip flow, takes less power, 
and reduces the heat of the chip. It is claimed that a 60-grit 
diamond wheel can be made to give a surface of i micro-inch if 
proper feed is used. Some prefer Norbide abrasive to diamond for 
this work. Finishing the chip surface with a hand lap is recom- 
\ mended by some, while others feel that if it is done by hand it 
cannot be uniform. In one case however unskilled workers were 
\ taught to lap tools satisfactorily. 

! There is also a process known as vapor blast” by which a very 
j fine abrasive is blown on the cutting surfaces to give an effect 
E similar to that of honing. This is applied both to high-speed steel 
j and to carbide cutters, with very uniform results. 
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I FINDING BLANKS FOR DRAWN AND FORMED WORK 

I The rules that follow will be found of value in aiding the die- 

I maker to figure areas of circular segments, etc., and to determine 

I the relation between circles and squares in regard to their areas. 

I Various other plane figures are included in the table of rules, these 

jl being of forms that the diemaker has to calculate frequently. 

Ij Rules are given also for finding areas of cone surfaces, spheres, and 

jj other figures. 

I Method of Finding the Diameters of Shell Blanks 

I This method for the finding of diameters of shell blanks applies 

I also to other shapes which frequently occur in practice. 

The method is based upon the surface of the shell in comparison 
with the area of the blank and should, therefore, be used only when 
light material is to be considered. In case of the flanged shapes the 
width of the flange should be small in proportion to the diameter. 

Cylindrical Shell 

Figure i shows a cylindrical shell of the diameter d and the depth 
h. To find the diameter of the blank, lay down the diameter d of the 
shell twice on a horizontal line, Fig. 2, add to this a distance equal 
to four times the depth h of the shell and describe a semicircle of 
which the total distance is the diameter. The vertical line D from 
the intersecting point with the circle to the horizontal line gives the 
desired blank diameter. Line D is to be drawn at a distance d from 
the end of the horizontal. 

Flanged Shells 

If the shell has a flange as in Fig. 3, use the formula shown in Fig. 4. 
In the case of a hemisphere, Fig. s, lay down the diameter three 
times on the horizontal line and draw the vertical line at the dis- 
tance d from the end, as in Fig, 6. 

If the hemisphere has a flange as in Fig. 7, add a distance equal 
to twice the width of the flange to the horizontal line, as in Fig. 8. 
In any case, the length of the vertical line D gives the desired diam- 
eter of blank. The width of flange = a. 

Taper Shells 

If a shell with tapering sides, Fig. 9, has to be drawn, multiply 
first the bottom diameter by itself and divide the product by the 
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/Area of circleN. 
/=area of square \ 
r X 0.7854 

( 1 Inscribed | \ 

Square 

of 

j square j ] 

equal area 

A Area of square / 

\ 1 1 / 

• 

1 \=area of circle / 

1 \|< A ->j/ 


1 \^,2732^ 

1 ^ 

.<i Q — ^ 


1 ^ 



Table i. — Rules for Finding Dimensions of Circles 
i AND Squares 


To Find 

Having Given 

Rule 

Circumference 

Diameter 

Multiply diameter by 3.1416 or 
divide diameter by 0.3183 

Circumference 

Area 

Divide area by 0.07958 and find 
square root of quotient 

Circumference 

Side of an inscribed 
square A 

Multiply side A by 4.443 

Circumference. . . . . 

Side of square of 
equal area C 

Multiply side C by 3 -545 

Diameter. 

Circumference 

Multiply circumference by 0.3183 
or divide circumference by 
3.1416 

Diameter 

Area 

1 Divide area bv 0.7854 and find 
square root 01 quotient 

Diameter 

: Side of an inscribed 
square A 

Divide side A by 0.7071 or multi- 
ply side A by 1.4142 

Diameter 

Side of square of 
equal area C 

1 Multiply side C by 1.1284 or 
divide side C by 0.8862 

Radius ■. . . 

Circumference 

Multiply circumf erenceby 0.15915 
or divide circumference by 
d.28318 

Area. ............. 

Circumference 

Multiply the square of the cir- 
cumference by 0.07958 

■Area ■ 

Diameter 

Multiply the square of the diam- 
eter by 0.7854 

Area 

Radius 

Multiply the square of the radius 
by 3.1416 

Area 

Circumference and 
diameter 

Multiply the circumference by 
one-quarter the diameter 

Side of an inscribed 
sciuare A 

Diameter 

Multiply diameter by 0,7071 

Side of an inscribed 
square .4 

Circumference i 

Multiply circumference by 0.2251 
or divide circumference by 

Side of a square of 
equal area C 

Diameter 

4.4428 

Multiply diameter by 0.8862 or 
divide diameter by 1.1284 

Side of a square of 

Circumference 

Multiply circumference by 0.2821 

equal area C 


or divide circumference by 3.545 


sum of the two diameters and d in order to obtain the length x. 
Otherwise proceed as shown in Fig. 10. 


Flanged Taper Shells 

If the taper shell has a flange of the width a, Fig. ii, add to the 
base line of the diagram twice this width, as shown in Fig. 12. 

I "■ ■ 
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Tabx.e 01* Diameters oe Sheei. Blanks 

Table 3 shows the diameters of blanks for shells J X J inch to 
6 X inches inclusive, by i inches. The figures were obtained by 
the formula that follows: 

D = + 4^) 

where d = diameter of finished shell. 
h = height of finished shell. ^ 

They were also checked by figuring on the area of the metal 
If it is desired to punch the metal in one or more operations, 
get the mean height of the shell by the following formula: 


where w == mean height of finished shell 
/?== height of finished shell 
t == thickness of finished shell 
T == thickness of metal before drawing. 

Suppose, for example, a shell 2 inches in diameter by 6 inches 
high; thickness of metal before drawing, 0.040 inch; finish thickness 
of shell, 0.020 inch. Then 



6 X 0.020 
0.040 


= finches. 


By using this height from the^ table we find a shell 2 inches in 
diameter by 3 inches high requires a blank 5.29 inches diameter. 

When the shell has rounded corners at the bottom, subtract the 
radius of the corner from the figures given in the table. Thus, in 



Fig. 1 3. —Shells of Different Diameters 


the last example, suppose the shell to have a radius of f inch on 
i the corner; 5.29 — 0.125 — 5.165 inches, the required diameter 
of the '"blanks. ' " 

I When a shell has a cross-section similar to the ones shown in 
[ Fig. 13, the required blank diameter may be calculated by the 
\ following formula: 



where d = diameter of blank in inches 
W = weight of shell 

w = weight of one cubic inch of the metal 
t = thickness of shell. 
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AREAS OF VARIOUS FIGURES 
Areas of cone aad other surfaces are given in Fig. 14, 



4./ 

A-CinculoirRinq B~Secforof 

Area *Totoi! arecx — SlESJg 

minus area of A* 5 


C“ Segment of 
Circle Jess than 
Semi-Circle 


° To find area first, 
^ I f 'nd area of sector 
divide total cmd area of 
area of circle triangle C* then 
by result subtract latter 
from sector 


D- Segment of 
Circle greater 
than Semi-Circlp 
To find area first, 
find area of sector 
and area of 
triangle D* then 
adcTthe two 
areas 



Area of Triangle = Base height 





Area of Convex Area of a 
Surface of a Cone ^here 
= Circumference - Square of 

of base x half the diameterx 3.1416 
slant height 

Fig. 14.-— Areas of Various Figures 


Area of Ellipse 
Product of its axes 
Times 0.7854 or 
AxBx 0.7854 


TABLE FOR AREAS OF SEGMENTS 

It is often necessary to compute the areas of segments of circles 
for the purpose of finding either the amount of stock required for 
blanking such shapes in quantity or for figuring weights of material 
necessary for a certain press run of such parts. Occasionally there 
are other classes of work, besides sheet-metal jobs, where it is 
convenient to be able to find the areas of segments without resort 
to the customary roundabout process given in most formulas. 

The accompanying table has been compiled to permit segments 
to be computed with little trouble, as the relative percentages of 
segment heights and areas of discs to the same radius are given in 
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adjacent columns. THus, if we divide the diameter of a circle 
by the height of a segment, we get the ‘'Per Cent Diameter/* 
Then in the next column is found the “Per Cent Area** that this 
amount represents. If the circle diameter D is, say, 4 inches and 
the segment /2 has a height of i inch, the percentage is i, or 25 per 
©ent. In the column of “Per Cent Area** find opposite 25 the 
value 19.54 per cent. The disc area in any table of circular areas is 
found to be 12.566, and 19.54 per cent of this will give the area of 
segment as 2.455 square inches. 

j Interpolation may be required in some cases where the increments 
! of 1 per cent are rather large, but ordinarily the areas are determined 
I Erectly with sufficient accuracy. 

i Table, 2. — Areas op Segments op Circles^ , 



Showing Relation between Percentages of Diameter and Percentages 
of Area; Diameter Percentages Taken in Even' Advances 
of I Per Cent 


Per ■■ 
Cent 
Diam- 
.'■eter • 

Per 

'.Cent' 

Area 

Per 

Cent 

Diam- 

eter 

Per 

Cent 

Area 

Per 

Cent 

Diam- 

eter 

Per 

Cent 

Area 

Per 

Cent 

Diam- 

eter 

Per 

Cent 

Area 

Per 

Cent 

Diam- 

eter 

Per 

Cent 

Area 

I 

0 

, 170 

,,"21' 

I , 15 . 

28 

41 

38. 

60 

61 

63. 

90 

81 

86 

77 

2 

0 

477 

22 

■ 16 . 

30 

; ,.42, 

39 - 

88 

62 

5s. 

14 

82 

87 

76 

3 

0 

873 

23, 

1 1:7. 

37 

i ■,'43 

41. 

II 


66. 

37 

83 

88. 


4 

I 

337 

... 24 ' 

18. 

45 

,44 ' 

42. 

37 

64 

67 . 

59 

84 ' 

89. 

68 

S 

1 

869 

25 

19. 

H 

4S 

43 - 

64 

6s 

68. 

82 

8s 

90. 

60 

6 

2 

443 

26 

20, 

06 

46 

44. 

90 

66 

70. 

03! 

•86 ' 

91. 

SO 

7 

■3 

077 

27 

21. 

78 

■'47 

40. 

17 

67 

71. 

24 

87 

92. 

36 

8 

3 

74b 

28 

22. 

91 

48 

47 . 

44 

68 

72. 

43 

88 

93. 

20 

9 

4 

.457 

29 ''. 

24. 

OS 

49 

48. 

72 

69 

73. 

60 

89 

94 - 

02 

10 

5 

,203 

30 

25 . 

23 

SO 

SO. 


70 

74. 

77 

90 

" m- 

80 


3 

,983 

31. 

26, 

40 | 

■SI ■ 

SI. 

28 

71 

75 . 

PS 

91 

95. 

S6 

12. 

b 

. 79 S 

32 .; 

27. 

57 i 

• 52 ", . ' 

52 . 

56 

72 

77. 

09 

92 

96. 

25 

13 

7 

.638 

, 33 ' 

28, 

76 

S 3 

S 3 . 

83 

73 

78. 

22 

93 

96. 

92 

14 

8 

.■S0'2 

34 

■29, 

97 

54 

55 . 

10 

74 

79. 

34 

94 

97. 

.61 

■IS ■ 

9 

-403 

35 

: 3 i, 

18 

55 •■■■ 

56 . 

36 

75 

80. 

46 

95 

98. 

.13 

16 

10 

.32 

36 

32. 

41 

S6 

57 . 

63 

76 

81. 

SS 

96 

98. 

.66 

17 

11 

.26 

37 

33 

63 

, 57 ; 

S8. 

89 

77 

82. 

63 

97 

99 

.13 

18 

12 

.24 

38 

34 

86 

58 

60, 

12 

78 

83. 

70 

98 

99 

•52 

19 

13 

.28 

39 

36 

10 

59 

61. 

AO 

79 

84. 

74 

99 

99 

.83 

20 

14 

.23 

40 

37 

•35 

60 

62, 

6s 

80 

85 

77 

100 

100. 

.00 


Example,— *A segment to be blanked is of height 0,50 inch, diameter of disc 
or circle is 2 inches. ™ =» 0.250 or 2S per cent. In column under head 

“Per Cent Diameter,” find 25 and opposite in next column, *‘Per Cent 
Area” find 19.54 per cent. That is, the segment f inch high of a 2-inch disc 
will have an area 19.54 per cent of the disc area, and the weight of segment 
will be 19.54 per cent of the total disc weight. 
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Table 3. — Diameter oe Blanks for Shells, J x i Inch to 
■ 6,X 6 Inches' 


m r r r 


0.75 0.90 

1.12 1.32 
144 1.68 
1^73 2.00 
2.01 2.30 
2.29 2.60 
2.56 2.88 
2.83 3.16 
3.09 344 
3*36 3-71 

3 - 6 i 3-98 
3*87 4*24 

4.13 4-51 

4«39 4-77 

4.64 5.03 

4- 90 5-29 

5- IS S-SS 
S-’HI S.81 
5.66 6.07 

5.92 6-32 
6.17 6.58 
642 6.84 
6.68 7.09 

6.93 7*35 


Height of Shell 


li* ir ir 4 " .f 


1.2s I. 3 S 

1.80 1.94 

2.25 2.41 

2.63 2.83 
3.01 3.21 
3.36 3-57 
3.68 3.91 
4.00 4.24 

4.31 4 - S 6 

4.6 x 4*87 

4.91 s.iS 
S.20 548 
348 S.77 
5.77 6.06 
6.05 6.3s 

6.32 6.63 
6.60 6.91 
6.87 7.19 
7.1S 7.47 
7-42 7.7s 
7.6S 8.02 
7.9s S.29 
8.22 8.56 
8.49 8.83 


1.44 1.52 1.60 

2.06 2.18 2.29 
2.56 2.70 2.84 
3.00 3.16 3.32 
340 3.58 3.7s 

3.78 3-97 4 -iS 
4.13 4.34 4 -S 3 
4,47 4.69 4.90 
4-8o 5.03 5.25 
S*i2 S.36 5-59 

5.44 5-68 S.92 
S.74 6.00 6.25 
6.04 6.31 6.56 

6.34 6.61 6.87 
6.64 6.9X 7.18 
6.93 7.21 748 ^ 
7.22 7.50 7-78 
7.50 7.79 8.08 

7.78 8.08 8.37 

8.06 8.37 8.66 

8.34 8.6s 8.9s 
8.62 8.93 9,23 
8.89 9.21 9.52 
9*17 949 9 * 8 o 


1-68 X.7S 

240 . 2.50, 
2.97 3-09 
346 3,61 

3*91 4*07 

4*33 4‘50 

4.72 4.91 

S-io s.29 
546 S-66 

5 ‘81 6.02 
6.IS 6.37 
6.48 6.71 

6.80 7.04 

7-12 7.36 

744 7.69 

7-7S 8.00 

8.05 8,31 

8.35 8.62 

8,65 8.9a 

8.94 9.22 

9-24 9-S2 

9-S3 9-8 x 

9.81 10.10 
lO.IO 10.39 


Height of Shell 


tt a ,**" — 

S 3.3 

m 31" 


1.89 1.9s 
2.69 2.78 

3.33 3-44 
3.87 4.00 

4.37 4 -SX 

4.82 4,98 

S.26 S 4 I 

5.66 5.83 

6.05 6.23 

6.42 6.61 

6.79 6.99 
7 -X 4 ■ 7-35 
749 7.70 

7.83 8.05 

8.16 8.38 
8.49 8.72 
8.S1 9.04 

9-12 9.37 
9.44 9.69 
9.7s 10.00 

ro.05 10.3 X 
tO.36 10.62 

10.66 10.92 
10.9s 11.23 


4 r 

4 r 

4!" 


2.08 

2.14 

2.19 

2.25 

2.96 

3.04 

3.12 

3.21 

3.6s 

3.75 

3.8s 

3.9s 


4.24 4-36 

4.77 4-91 

S.27 S 4 I 
S.73 5.88 

6.16 6.32 

6.58 6.75 

6.98 7.10 

7.37 7.5s 

7-75 7.94 

8.11 8.31 
8.47 8.67 
8.82 9.03 

9.17 9.38 

9.50 9.72 

9.84 10.06 

10.16 10.40 
10.49 X0.72 
10.81 11.05 
11.12 11.37 
H.44 11.69 
II. 7 S 12.00 


4.47 4.58 4*69 

5.03 5.15 5.27 

5-55 5-68 S.81 

6.03 6.17 6.31 

6.48 6.63 6.78 

6.91 7.07 7.23 

7-33 7.50 7-66 

7.73 7.9X 8.08 
8.12 8.31 8,49 

8.50 8.69 8.88 

8.87 9.07 9,26 

9,24 9.44 9.63 
9.59 9.80 10.00 

9.94 10.15 ro.36 

10.28 10.50 10.7X 
10.62 10.84 11.06 
10.95 11.18 11.40 

11.28 11.51 ri.74 
11.61 ri.84 12.07 
11-93 12.17 12.40 
12.25 12.49 X 2.73 


2.41 2.46 
344 3 SO 
4.22 4-3X 
4.90 5,00 
5.S0 ■S.62, '■ 

6.06 6.18 
6.58 6.71 

7.07 "741 

7-54 7-69 

7.98 8.14 

8.41 8,58 

8.83 9.00 

9.24 94X 
9.63 9,81 
10.02 10.20 
10.39 10.58 
10.76 10.96 
11.12 11.32 
11.48 11,69 
11.83 12.04 

12.18 12.39 
12.52 12.74 
12.8s i3-o8 

13.19 13.42 




Gating Length m Inches 
Fig. 14JI. — Chart of Area and Weight 

Start with a gaging length of inches at the foot of the 
and trace upward to the intersection with the diagonal representing 
2 J in. width of strip. Trace to the left to get the area of 0.0453 
square foot. ' ' 

To get the weight, trace right from A 
with the 14-gage line. Trace upward to 
the weight is read as 0.148 pound 
1 Edward 


WEIGHT OF STAMPINGS S 9 S 


AEEA AOT) WEIGHT CHART FOE STEEL STAMPINGS ^ 

The area or weight, or both, of stock for steel stampings can be 
obtained from Fig. 14A when the width of the strip, the gaging 
length, and the gage of the stock are known. 

Example .—Take a strip, 2.25 inches wide; gaging Jump of 3.125 
inches, and gage of metal, No. 14, U.S.S. 


Wet^bbloLb. 

^coocnj m tnr**cy'Ocs»'«t O' 

iX>^roC4CNO OcrrOQCXJh.:^ lOiO Q 


■ u> 00 o cvi kn r- 


2bb2SSS2S=S2g§S5§§§8SS5§o 
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In either case the figure represents the area or the weight of one 
stemping. By moving the decimal point the information is 
oDtamed for lo, looj or 1,000 stampings. 

LAYING OUT BERING DIES 
National Cash Register Co. Method 

For right-angle bends as in Fig. 15, where the radius of bend is 
less than ^ inch, the custom is to multiply the thickness of stock 




by the constant 0.40 and add to the inside dimensions. Thus the 
length of blank L equals A B For bends having a 

radius greater than inch, and of any angle, the formula is Z = 
A + B + 5 (0.40^ 4-^ i2), where S is a constant for the angle taken 
from the accompanying table. The developed length of a blank 
can be computed by considering each bend separately. 

The formula for the length of blank in Fig. 17 is Z = A + B + 
C + 2*S(o.4o^ + iS); R « radius of bend. 





PUNCH AND DIE CLEARANCE S97 


For mtricateiy formed blanks it has been found to be more 
satisfactorjr to cut out trial blanks for the forming dies. 

For detailed tables of bends see pages 633-635. 


Table 4.~Constants bob Angle Benps 


Angle, Degree 

Constant «“ S 

Angle, Degree 

Constant =» S 

o-io minutes 

0.0029 

35 

0,6109 

0-30 

0.0087 

40 

0.6981 

I 

0.017s 

45 

0.7854 

2 

0.0349 

SO 

0.8728 

3 

0.0524 

55 

0.9599 

4 

0.0698 

60 

1.0472 

S 

0.0873 

6S 

I. 1345 

10 

0.174s 

70 

I, 2217 

IS ' ■ ^ * 

0. 2618 

75 

1.3090 

20 

0.3491 

80 

1*3963 

25 

0-4363 

85 

1*4835 

30 

0.5236 

90 

1.5708 


PUNCH AND DIE CLEARANCE FOR ACCURATE WORIC 

In the blanking, perforating, and forming of flat stock in the power 
press for parts of adding machines, typewriters, etc., it is generally 



Fig. 1 8 .- — Blanking Tools 


I desired to make two different kinds of cuts with the dies used. 

; First, to leave the outside of the blank of a semismooth finish, with 

sharp corners, free from burns, and with the least amount of round- 
( ing on the cutting side. Second, to leave the holes and slots that 
are perforated in the parts as smooth and straight as possible and 
true to size. The table given is the result of considerable experi- 
menting on this class of work and has stood the test of years of use 
since it was compiled. 

The die always governs the size of the work passing through it. 
The punch governs the size of the work that it passes through. In 
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blanking work the die is made to the size of the work wanted and 
the punch smaller. In perforating work the punch is made to tke 
size of the work wanted and the die larger than the puncL The 
clearance between the die and punch governs the replts obtained. 

Figures i8 and 19 show the application of the table in determining 
the clearance for blanking or perforating hard rolled steel 0.060 inch 
thick. The clearance given in the table for this thickness of metal 


Fig. 19. — Perforating Tools 

is 0.0042, and Fig. 18 shows that for blanking to exactly x-inch diam- 
eter, this amount is deducted from the diameter of the punch. 

Table 5. — Clearances por Punch and Die for Different 
Thickness ANB Materials 


Thickness of Stock 
Inch 

Clearance for Brass 
and Soft Steel 
Inch 

Clearance for Medi- 
um Rolled Steel 
Inch 

Clearance for Hard 
Rolled Steel 

Inch 

,010 

.0005 

.0006 

.0007 

.020 

.001 

.00X2 

0014 

.030 

.0015 

.00x8 

.0021 

.040 

.002 

.0024 

.0028 

.050 

.0025 

.003 

.0035 

.060 

.GO3 

.0036 

.0042 

.070 

•003s 

.0042 

.0049 

.080 

.004 

.0048 

.0056 

.090 

I .0045 

.0054 

.0063 

.100 

1 -oos 

.006 

,007 

.1X0 

1 .ooss- 

.0066 

•oc >77 

.120 

.006 

.0072 

! , .0084 

.130 

.0065 

,0078 

; .0091 

.140 

.007 

.0084 

i .0098 

.ISO 

.0075 

.009 


.160 

.008 

.0096 

.01X2 

.170 

.0085 

.0X02 

.0119 

.180 

.009 

.0108 

.0126 

.igo 

009s 

.0114 

•0133 

' .200 

.0X0 

.012 

.014 
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whereas for perforating the same amount is added, as in Eig. 19, to 
the diameter of the die. For a sliding fit make punch and die 
a.00025 to 0,0005 inch larger; and for a driving fit make punch and 
die o.cioos to 0,0015 inch smaller. 

CLEARANCE FOR PUNCHES AND DIES FOR BOILER WORK 

The practice of the Baldwin Locomotive Works on sizes up to 
I i inches is to make the punch ^ inch below nominal size and the 
die -it iiich above size, which gives A* iiich clearance. Above li 



inches, the punches are made to nominal size and the dies inch 
large, which allows the same clearance as before. The taper on 
dies below if inches is i inch in 12; on sizes above i| inches, it is 
half this or J inch in 12 inches. 
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are o.ooi inch large for fitting snugly in the punch plate as indicated. 
Such punches are readily ground to size and fitted to their places! 

The punches in Table 7 are useful where they are close to the 
edge of the punch holder and therefore reached by setscrews. 
The sizes are given range from i to 2 inches, and they are suited 
for blanking as well as piercing operations. 

A substantial type of punch for either piercing or blanking 
is covered in various sizes by Table 8. This construction provides 
for the securing of the punch in its holder by means of a fillister 
head screw rapped in from the top as indicated. 

Pilots 

The pilot is inserted in the blanking punch and is made to a 
long radius, equal at least to the diameter of the pilot body. This 

Table 8. — Punches Held by Screw Tapped In prom the Top 


Table 9. — Pilots eor Progressive Blanking Punches 
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PROGRESSIVE PUNCHES Ooi 

question of pilots is of interest as they are so extensively used in 
connection with progressive dies. Table 9 has been laid out to 
cover pilot dimensions for the type of punch which is held by a 
fillister head screw tapped in from the top of the punch holder. 
The same dimensions apply also to jjilots for the other classes of 
punches whose proportions are given in Tables 6, 7, and 10, and in 
all cases the pilots should be ground or otherwise finished on the 
stem or shank to a press fit in the ends of the blanking punches. 

Ordinarily the pilots can be made of drill rod. In the smaller 
sizes, as indicated in the tables, the point of the pilot is rounded to a 
definite radius given in Column D, Table 9. For larger sizes of 

Table 10,— Progressive Blanking Punches with Pilots 
For Pilot Dimensions Refer to Table 9 
Make L for All Punches Equal to Pilot Shank + J Inch 
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.002 
,0025 
.003 ".0035 
.0035-. 004 
,0055 


Allowance for Second Shave 


Hard Steel. 
Inch 


Allowance for First Shave 


Thickness of Blank, 
Inch 


Soft Steel, 
Inch 


Half-hard 
Steel, Inch 


Hard Steel, 
Inch 


. 004 
.005 

.006 -.007 
.007 -.008 
.009 -.oil 
.0x2 -.014 


Thickn“6ss 
of Blank, 
Inch 

Soft 
Steel, 
j Inch 

Half- 

hard 

Steel, 

Inch 

Hard' 

! Steel, 

1 Inch 

Ger- 

man 

Silver, 

Inch 

Brass, 

Inch 

Thickness 
of Blank, 
Inch 

H4 (.0468) 

.0025 

.003 

! .004 

.005 

.005 

^6 4 ( • 0468) 

Me (. 0025 ) 

.003 

.004 

.005 

.006 

.006 ; 

Ms (.0625) 

H4, (.0782) 

.0035 

.005 

.006-“. 007 

.007 

.007 

M4 (.0782) 

H2 (. 0938 ) 

.004 

.006 

.007-. 008 

.008 

.008 

. 0938 ) 

U4. .1094) 

.005 

,007 

.oop-.oii 

.010 

.010 

%4 (.1094) 

M . 125 ) 

.007 

.009 1 

,012-. 014 

.014 

.014 

H (.12$ ) 


Table 12. — ^Amount to Allow on a Side for Shaving Gontotje 
Where a Secoisid Shaving Operation Is Used 


Allowances for Shaving 


pilots, the bottom end is flat, reducing the length accordingly, and 1 
the corners are rounded to a radius of inch. These proportions 1 
are varied, where necessary, but for a wide range of work, they 1 
proved satisfactory. 


As for any given material, or grade of stock, the condition of the 
contour of the blank will vary with the thickness of the metal, 


Table ii.— Amount to Allow on a Side for Shaving Contour 
Where Only One Shave Is Taken 
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the amount left for slmving should likewise vary and with a fair 
degree of uniformity from the thinner gages to the thick materiaL 
Similarly the allowance for any given thickness should vary for 
soft, half -hard, and hard material. In order to cover these allow- 
ances for steel blanks of the three grades noted, Table ii has been 
developed and has been given thorough tests in connection with 
numerous shaving dies operating on different classes of work. 

This table CO vem thicknesses of metal from inch to J inch 
inclusive and also includes allowances for German silver and brass. 
For the latter two materials, it will be noted, the shaving allow- 
ances are double those for steel of the same thickness. Table 
12 is arranged to give allowances where two shaving cuts are taken. 
From the quantities under the heading ^‘Allowances for second 
shave, ” it will be seen that the amount left for the second shaving 
operation is one-half that for the first. Thus in the case of a soft 
steel blank iV inch thick requiring two shaving cuts, 0.003 i^^ch 
would be allowed on a side for the first shaving die to remove and 
0.0015 inch for the second shaving operation, or a total of 0.0045 
inch on a side or 0.009 inch over all, the blanking dies being made 
0.009 inch larger than the finished size of the piece. 

The Effect of Sheared Tools 

Where the tools are sheared, that is, beveled off from one side to 
the other to give a gradual sloping cutting action, the pressure 
required is much less than given in the table, and may usually be 
taken at one-half of the pressures for flat tools for stock not over, 
say, i inch thick. Beyond that a safer amount would be two- 
thirds of the pressure necessary for dies without shear. 

Table of Die Clearances or Relief 

It is of value to know how much increase in blanking die size 
occurs as the face is ground down in resharpening. Table 13 has 
been worked out to cover various angles of taper besides the con- 
ventional slope of I degree on a side. Although the half-degree 
taper relief or clearance is almost universally used for ordinary 
dies, there are special instances where this angle has been exceeded, 
especially with certain piercing and perforating dies. 

Whereas, ordinarily, the angle of | degree on a side will allow of 
the free discharge of the slugs from perforated blanks, such mate- 
rials as aluminum and similarly soft metals sometimes produce 
slugs that, in the small sizes particularly, tend to swage into the 
waHs of the piercing die when forced down by the .punch and 
because of the expanding action upon their limited areas. These 
slugs may then stick and stack up and, becoming welded together, 
are likely to cause the punch to break or the die to become chipped 
around the edges of the small hole. 

The table is arranged to show the additional amount at each side 
of a die for every ten thousandths ground off of its top face. 

This is much more than the average amount removed in one 
grinding, but it is a convenient increment to work from, and the 
quantities in the columns that follow are very readily modified to 
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correspond to special amount taken off tke die face in <t. 
grinding operation. ^ lace m the 

a S'JS;.rcWS'.£'dgL‘£‘^^^^ 

inch greater on each side or 0.002 inch more over 
Another Table of Clearances between Punch and Die 

baBed upVv^^lt p^rcXaf oTS “n^ess^rnS^T^" 

columns of clearances, the first three are particularlv 
adapted to very accurate work and small parts esDmallv r ^ ^ 
cent being the allowance computed for brass and sSt 
cent for medium roUed steel, Ld 7 per cent forh^rd .tPT 
Su^arly,^ the other three columns cover the general run nf ix ^t’ 

blank1ng..'^®"'’'““" piercing dies as weU as to dies for 


r \'-aooo‘' 


BlQnd 



I +0.00r I \45 

U ^rappJy:\ v 

B— 


A 

B 

c 

D 

E 

F 

0.437" 

'fi 

0.099” 

V,6” 

Vis" 


0.437" 

'/2" 

0.125" 

3/16" 

Vis" 


0.437" 

'/2" 

0.187" 

3/16" 

V16" 

%2* 

0.437" 

'/2" 

0.250" 

3/16" 

V 16 " 


0.437" 

1 / 2 " 

0.316" 

3/16" 

V" 


0.437" 

'/2" 

0.193" 

3/i6" 

V|6" 

%2" 

0.250" 


0.099" 

3/|6" 

V(6” 

%" 

0.250" 

S/ 16 " 

0.128" 

3/|6" 

V 16 " 

9/32" 

0.250" 

' ^6" 

0.193" 

3/16" 

Vie" 

%2‘' 

0.250" 

^/is" 

10. 161" 

3/16" 

V 16 " 


0.250” 

5//6'* 

0.136" 

3/(6" 

Vie" 

%2“ 

0.250" 

V 16 " 

0.209” 

3/16" 

V 16 " 

’/jz" 

0.250" 

5/16" 

0.099” 

’/4” 

X 

9/32" 

0.250" 

5/16" 

0.099" 

V 

>/4” 

9/32" 

0.250" 

5/, 6" 

0.193" 

3/16’' 

V 16 " 

%" 


Small Insert Punche^ at Beil Aircraft Gorporation Are M 
SompT«%i^''n‘ This Drawing and Table of Dimensions. 

er«T f Many^as 750 Such Punches. In Gen- 

eral, Holes They Produce for Rivets Are Subsequently Enlarged 
by a Drill Which also Passes through the Mating Part. ^ ^ 
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Fig. iga . — Clearance Due to Grinding 

Table 13. — Die Clearances or Relief 


A 

Amount q 

tj- Cleamnce in Thousandths Corresponding to Degrees 

ifrom i: acc oi qjj Each Side 

Die m 

Thousandths 


Inch 3 -^ Degree 1 Degree iMDegrees 2 Degrees Degrees 



.000087 

.00017s 

.000241 

.000378 

.000437 

.000524 

.000611 ! 

.000698 

.000776 I 

.000870 I 

.000960 I 

.001047 ‘ 

.001135 i 

.001222 

,001309 i 

,001417 

,001484 J 

.001571 

,001658 

.001746 

.001827 

.001914 

.002001 

. 002088 

.002175 


.000175 

.000350 I 

.000525 I 

.000700 j 

.000875 I 

.001050 j 

.001225 I 

.001400 I 

.OOIS7S 

.001750 

,001925 

.002100 

.002275 

.002450 

.002625 

.002800 

.002975 

,003150 

.003325 

.003500 

.003675 

.003850 

.004025 

.004200 

,004375 


.000262 
.000524 
.000786 
.001048 
.001310 
.001572 
.001834 
.002096 j 
.002358 
.002620 ! 
.002882 I 
,003144 ! 
.003406 I 
.003668 I 
.003930 j 
.004192 

.004554 j 

,004712 

.004978 

.005240 

.005502 

.005764 

.006026 

.006288 

.006550 


.000349 
.000698 
, 001047 
.001396 

.001745 
. 002094 
.002443 
.003092 
.003141 
.003493 
.003839 
.004x88 

.004537 

.004886 

.005235 

.005584 

•005933 

.006282 

.006631 

.006980 

.007329 j 

.007678 

,008027 

.008376 

.008725 


.000437 
. 000873 
. 001310 
.001746 
.002183 
.002620 
.003016 
•003493 
.003929 
.004370 
.004803 
.005239 
.005677 
.006112 
.006549 
. 006986 
.007422 
.007859 
.008295 
.008732 
.009169 
. 009605 
.010042 
.010478 
.010915 
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Table 15.— Die Clearance for Hot Flanging Tools 


Plate Thickness, 
in Inches 

Clearance, 
in Inches 

Shrinkage, in 
Inches per Foot 

0.75 

0. 100 

0.125 

0.625 . . ■ 1 

0.083 

0,125 

■ 0.50 1 

0.067 

0.125 

0.37s- ■ ^ 

0.050 

0.125 

0.25 " ,1 

0.033 

0.125 

0,1875 ^ 

0,025 

0.125 

0.125 

0.017 

0.125 

O.IOO 

0.012 

O.I 2 S 


Figures below are for slightly heated plates worked on power presses 

0.1S7S 

0.010 

0.0625 

0.128 

0 , 006 

0.0625 

0.104 

0.004 

0.0625 


DOUBLE-ACTION PRESS DIES 

Double-action dies may be either ^'push-through’^ tools or they 
may be of "closed-bottom” type. The former design permits the 



0 Deg. 90 Deg. 180 Deg. 270 Deg. 
Fig. 20. — Typical Blanking and Drawing Dies 


drawn work to be pushed through and out of the dies upon the com- 
pletion of the downstroke of the press. The closed form of die 
includes a push-out memberj or knockout, which ejects the work 
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from the top of the die opening. Both types of dies are • 
double-acting presses, and a typical position^rrangemenufs Wn 

fewton hfprist ^Vate " 

in ° arrangement of the tools and their oncratmn 

iL^i ??i, ® (Rawing a shell of typical proportions ^TtLmV 
the left-hand section first, the crank i4 is Ln in ton n/A- 

■? “ by the two cams C mounted on’the 

rrant » 1 '“'^ ‘be drawing punch D is, of course, operated bv the 

the plunger £. The drawing punch is secured by a kev in 

the holder carried by the plunger E, and the plunger itself Lerntn 

‘b^ 9 °-degree jposition shown in the group of sectional vi™. 
during the first 90-degree action of the crank, the blankine minrlT^’ 
brought down its full stroke, as shown. It cuts out the hl?nh^^ j 
ton oVtht° J“ %°“f.b ‘be blanking die G and holds it secureVon 
If *5 ^^be same time the drawiw pmS 

defends halfway, ready to draw the disc into shell form * ^ ° 

§™ “• ■ttok. «,3 

^ During the third 90-degree crank movement (to 270 decrees') bofK 
punches rise together, and the blanking punch completesftfunw^!^ 
stroke,, but the drawing punch still has oneS of itS 
remaining Since the blanking punch remains stationary ^t this 
punch completes the last 90 degrees of 
action, the blanking punch serves as a stripper for the shelf/ 
Usually dies for blanking and drawing are eauinned wi+Ti 

‘be blanking punck Where wori is^not^tw^ 
wo^rlf 5 ^ Is used under the dies. If the 

^ is to be drawn through them 

the action of the blanking gate and the drawing Sger^ 

s different fA but the relative position of the^took 

ArA , drawing punch must descend far enough into 

‘.b®’‘ tte shell will be stripped from it by the underside 

arraiemtr® in the late 

Typical Double-Acting Sub-Press 

of ^naSf ■ a double-acting sub-press with a list 

ot parts and the dimensions of each. The punch blanks and 

‘b® Pi“® at the same operation. A little study of the 
identificabon hst on the right will make the operation clear This 
IS helped by showmg the left side in the lower position. ^ 

TYPICAL STANDARD DIE SETSi 
Classification Sheet for Class-A-A Die 
Dies made under this heading shall be of the highest grade in 
workmn^p and matenal, calculated to give mafimum® service 
AesodrtSf® sp^fioations of National Die and Special Tool Builders 


SUB-PRESS DIE 


for large production requirements, and shall have the following 
important features: leader pins and bushings hardened, ground, and 
lapped; automatic stop, first and second stop when necessary; 
die to be proper thickness best suited for the work, preferably not 
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Soyly'tf pSrSS ?d'’biSS“„"''ii ““ 

if sma/llcr tl13.11 J incliiii oTiqIi k ^ i. , ^ 

possible; the punches and perfLa\Lf to 

when possible; the punch to have If shedder pins 

plate to take 4e thCt of peXatl’^ backing 

least three times the dis<:s of af 

dowel pms and holes to be ground and lapped; the 


IM 


Fig. 22.- 


-Section of Class A-A Die 




Classification Sheet for Class-A Die 


shi?tn“materidsdteble1ofal^^^ 

... T£ % 
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punch and 

spring shedder pins for light imteria?- small nunr 

to liave steel backing plate or discs ’behind^earh n/f*^ Perforators 

ance between punch Ind die anS up ^^1 

such as to produce blanks free from burrs Tliouf ®^aU be 

are to be followed for the average first-class die for larg?prodSfen! 

Classification Sheet for Class-B Die 
andmarrfrrSid"shalK^^^^^ 

and die holders; plain fetol pin stot die f?, t P'^^.Punci 
best suited for tM work, preferabl\Mrot less than 
parts of the die to be wiMn plS or ^nus o oot“n?h 
have l-degree taper for entire thickiiet^c;* * t 

machine steel and not contact with punch or perforate •^nurfcl, k 
be set in machine steel plate or screwed tr» ■ntirn^'k ^ punch to 

bushings to be set in dfe sho^ cS nfwheLvet^^^^^^^ 
between punch and die to cnrT. oc ^ J clearance 
blanks, but small burrs are permissible ^ smooth 

sneKf important; refinements are not neciary^*%her 

specifications are to be folIowAd f/M. « r accessary, lliese 

«,»« orlL 

Classification Sheet for Class-C Die 
b, knoU „ MnirSy Si'S? fi w'S.’Sr’'' 

K “"3ir„“gxs rsiSiS 

STAKDARDIZIKG NAMES OF DIE-SET PARTS 
Technical Committee 9 of the American Society of MpclioniVai 

Mfe^bVcTangTll ^ets?'^r«vr" 

MowSi SikSS„rdS 

' complete unit. 

Guide Buuhing._-fhe S°mto^h“rthf ^ide 
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Gmde'’Holes. — TTie 'openings in eitlier the punchor 'die'holder into which '■ 
the gwifie posts or guide bushings are placed. 

Shank.- — The projection portion of the punch holder which enters the 
hole in the ram of the press. Standard shanks may be of the inserted or 
integral types and either round or dovetail in shape. 

Flange. — The portion of a die holder or punch holder to which the die 
holder or punch holder is bolted or clamped to the press. 

STOCK STOPS FOR DIES 

Some typical stops for dies are shown in Fig. 25. is a plain 
stop, usually a piece of metal bent up at right angles, though 
oftentimes a pin or screw is let into the die as an end stop for the 
work. The angular stop has the advantage of ready adjustment by 


Punch 



B Stripper 

J5IZZSL 

saj 


Spring' 




» n <sr or 

0 E 

Fig. 25.— Stock Stops for Dies 

means of the screw that holds it in place, i?, Fig. 25, is merely a 
side view of almost any form of trigger stop where the device is 
pivoted near the front (or sometimes back) of the die stripper and 
arranged to be struck by the trip pin on the downstroke of the 
press. The shape of the inner or working end of the stop trigger is 
modified to suit the size and shape of the blank opening into which 
it plays when released by the upstroke of the trip. 

The trigger stop may be placed, as shown by C, Fig. 25, in 
convenient position along the face of the stripper to contact with its 
bent end in a blanked opening in the work. Sometimes it is 
desirable to use an offset contact end like D, Fig. 25, particularly 
where it is preferred to stop against the central portion of the stock 
along an irregular cpntour, as shown in this sketch. 

The stop trigger* may be set at the rear of the die instead of 
toward the front — this is indicated in E, Fig. 25 — or it may be fitted 
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016 PUNCH PRESS ^ ^ ^ ^ ^ ^ 

la at an angle, as is sometimes desirable, where it will cIpbi- », -j 

po^s, screws, or otier parts to advantage. <=iear gmde 

Tn of springs are shown under the outer ends of the 

to ®P"“® the outer end o/tL ^ft'^®' 

£s «d“ S'ss" “ “ “» '«■“) “0 -*4 fcs 





Fio. =6.-Di,.„»„i,g G;.g, H„. {CmrihOM Jy EiM 

Heller ) 

“ exceptionally thick, it is better to drill from the 

a oWn™te\he’'SeVh^^^ ^°'^ket errters 

£— IS^spSng’typr Thrpin end®rf ’¥he’^,° Pi”S 

turning ** the spring is slotted to prevent 

nec^ljTo offhrsprinr'’"”'' 

theheId'£o?rwire°™even“s‘°^® 6rilli"8 

or sides, if necessary^ *yp® ^ay t>e flattened on the side 

“ the slot in the stripper plate and sUvht 
p e side clearance is provided in the inner end of the slot. 

COMPOUND-DIE CONSTRUCTION 

pierc^“ln?b£jS.^® compound die produces at a single stage a 
P nd blanked article, a simple washer form, say, like the 
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piece over Fig. 27. The blanking die A is attached to the punch 
head by fillister head screws and dowels and is fitted with a 
shedder C which also fits the piercing punch D housed in the die 
shoe. Pressure pins £, acted upon b;y spring F in the shank keep 
the ejector flush with the face of blanking die A, except when forced 
up by the blanking operation 'when the punch head closes on the 
work on the downstroke of the press. 

Blanking punch G, with flanged base in this case, has the piercing 
die hole in its center at II and has a close-fitting stripper-and- 
pressure-pad I held against four compression springs. When 
the upper die comes down on the stock, the blank is forced up 
against the action of shedder C and snapped out into the die, and 
at the same time the piercing punch knocks out the slug into 


Fig. 27. — Compound-Die Construction 

opening II which is tapered and cleared for free passage 
out of the dies. 

On the upstroke shedder C clears the blank out of 
some work of heavier gage the positive press knockout is 
shedding the blank from the upper die. 

There are a number of ways of mounting stripper plate 
springs and also diflerent arrangements of shedder or ejector in 
A depending on class of work, size, etc. Usually the pressui 
between stripper J and punch face ^ is sufficient to prevent wrin- 
kling or buckling of the work. , 

At the right is a method of using a single heavy spring below 
the die shoe, the pins J extending down from the stripper to rest 
on the spring plate. Sometimes such a spring is a permanent 
attachment under the bolster^ of the press. In the die shown, 
spring stud is drilled lengthwise to clear slugs as pierced from 
work. When the strip of stock is pressed against the st 
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the latter is pressed against its bearing surface at tbp l»ft „• i • 
stnpperj but when its contact end is lifted from i 
descentof the puhch holder the d^tancfat the Sn^rn^d^of tb" 
allows the side pressure of the spring at the front on 
force the inner end of the stop to thi right and ca^ ^‘«P to 

the face of the strip of stock as the puMh rises Tb‘ ''“P 

w Sntu a., .i'trsnvig ?'a£Ei 


hydro-press forming 

The development of airplane production, esoeciallv on tb 
'ast, has included the use of mhber -,1 "'^st 


coast, has iSdihe uTeTf 

not previously known. The following notes give this Dnrt.Vo 
guide to those not familiar with the method. ® Practice as a 

_ Average rubber pressure of 1,000 to 1,500 pounds ner sr,„n 
inch IS satisfactory for thicknesses up to’ A incM^ 2480!^ Fo? 


T^le I 5^2.--“Tonnage Capacities op Po wee Presses 
Capacity of Crankshafts at the Bottom of the Stroke 


Crank Shaft 
Diam., in 
Inches 


Single 

Crank 

Press 

Double 

Press 

Press 

Crank: 
Shaft 
Diam., in 
Inches 

Single 

Crank 

Press 

6 


6| 

150 

7-5 


7 ■ 

180 

9 


7 i 

215 

10.5 

12 


8 

9 

255 

345 

14 

16 

18 , 


10 

11 

12 

440 

545 

66s 

22 

26.5 

22 

26.5 

13 

14 

790 

920 

31.5 

31-5 

IS 

1,060 

37 

37 

16 

43 

56 

43 

56 

16 J 

17 

1,300 

71 

71 

18 

1,560 

88 • 
106 

126 

88 

106 

126 

'20 

22 

24 

1.950 

2,380 

2,860 
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heavier gages of 24ST the pressure must be from 2,000 to 3,000 
pounds per square inch. 

Minimum flange width to be formed is i inch for soft metal and 
inch for 24ST, This is in addition to the radius. One plant 
uses the following formulas, based on pressure of 1,000 to 1,200 
pounds per square inch. 

Minimum flange width 24SO = A: inch + 2.5 X thickness 
Minimum flange width 24ST = i inch d- 4 X thickness 

I . ■ ■ 

; It is customary practice to equip the average press with draw 
ring holding pressure one-sixth of the total press tonnage. In 
doing so, you are always assured of equipping your press with the 
maxhmnn size cushion that will operate satisfactorily on a given 
press. On the average inclinable press, it is usually necessary to 
resort to tandem construction. To figure the draw ring holding 
j)ressure produced by a pneumatic die cushion, multiply the surface 
of the piston or pistons, in square inches, by the air pressure used 
on the given cushion, in square inches. Example : If an S-inch size 
cushion is used, surface would be 48 square inches. If the working 
pressure from the shop air line to the cushion was 50 pounds per 
square inch, 50 times 48 equals 2,400, pounds, which would be 
developed on the draw ring. In other words, on a so-pound maxi- 
mum shop air line, using an 8-inch cushion, the approximate 
maximum draw ring holding pressure available would be i j tons. 

U. S. NAVY PRACTICE 

All punches and dies must be capable of punching 5,000 holes in 
medium Steel plate, inch less than the punch diameter, without 
regrinding. The proportions are shown in Tables 16 and 17. 
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[<--" H -— 34 ^ *--->1 

Table 16. — United States Navy Standard Punches 
(Dimensions in Indies) 


Nominal Size 

A 

B 

C 

D 

E 

'■.F 

G 

ix:'',;' 

Mini- 

mum 

! 

Maxi- 

mum 



0.175 

0.205 

1 

I 

}| 

1 

ife 

" ''2f' '■ 


i 

0.203 

0.234 

1 

I 

sL 

1 

A 

: 2' 

If 

P' 

0.288 

0.32s 

1 

1 

ft 

I 

A 

2"' :"■ 

f 

i 

0.317 

0.356 

1 

I 

« 

1 

A 

2| 

■ ' W' 

A 

0.373 

0.416 

f 

. I ' ' 


I 

A 

.","2 

1 

i 

0.430 

0.477 

1 

I 

T 

I 

A 

2 

w 


0.486 

0.537 

1 

I 

ft 

I 

A 

2 ■ "" 

' k ' 

i 

0.543 

0.598 

I 

I 

1 

I 

A 

■' " 2: ■ 


p 

0.590 

o.6s8i 

i 

I 

ft 

I 

A 

■ 2 • ' " 

k 


0.656 

0.719 

11V 

ir 

r 


A 

. ■ 2" 



0.713 

0.779 

life 

if 

I* 

f 

A 

2' '' 

A 

I 

0.770 

0.840 

1* 

if 

It 

1 

A 

, . ' 2 

tt 

' ' il . 

0.826 

0.900 

life 


life 

■li 

A 

■ 2 ' 

"■ 1 

I 

0.883 

0.961 

xA 

if 

li 


A 

■2' 


I* 

0.945 

1.033 

I* 

if 

li 

¥ 

A' 

2 


li 

i.ooS 

1.086 

I^fe 

n 

li 

¥ 

A 

■ '2 

lA 


1.070 

X.148 

iX 


If 



2 ' 

li 

li 

X.133 

1,211: 

life 

If 

li: 


A 

' 2 ; , 

Tolerances (all 

f +0.005 




+0.005 

.... 



+0.000 

sizes)....*.. 

\ —0.005 




— 0 . 005 


' ’ • , 


—0,062 


U. S. Navy Bushings for Punches 
(Dimensions in Inches) 




Tolerances 


Plus 

Minus ' 

0.757 

0.005 

0.000 

1.010 

0.010 

0.000 

1. 219 

0.005 

0.005 

1.375 

0.005 

6.005 

0.125 

0.031 

0.000 







Coupling: 

A 

B 

Nut No. 

Minimum 

Maximum 

Minimum 

Maximum 

I 

2' 

1 . 230 
1.570 

1.240 

1.580 

0 -S 7 S 

0.87s 

1.000 

I.OOO 


Note.— N o, i coupling nuts are for use in connection with punches 
up to and including 11% inches in diameter; No. 2 nuts are for 
punches 1 1 inches in diameter. 


Pressure Required for Shearing or Punching 

T o tal length of cut in i n che s X ten sile strength of material in to ns 

Thickness of metal in parts of inches — => pressure 

Examtle.^ — Total length of cut = 20 inches. Tensile strength, 
30 tons; thickness, | inch; 20 X 30 == 600 -r- 4 «= 150 tons. Or 
tensile strength -i- thickness X length of cut gives same result. 


Power Reqxtired TOR Punching AND Shearing 

Experiments tend to show that, with steel plates of 60 jooo pounds 
tensile strength, the metal is all sheared when the punch has passed 
one-half through the plate. The following formula by L, R. Pome- 
roy takes this into account and also allows the motor an efficiency 
of 80 per cent and the punching machine 75 per cent. 

When T full thickness of plate. 

I? * diameter of hole punche^^^ 

N = number of holes punched per minute. 

JP ~ horse-power required to drive machine. 
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TaMng a finct hole in a Hnch plate, the power reauireH 

punch 30 per minute worild be i' wcr required to 

i X i X 30 3.7^ u *. 1. 

3-7^ or about I horse-power i 

; Pressure required for shearing = length of cut X thickness in 
“hE one4hM?o“"onS^ 

Table 17a.— T ons Pressure Required to Punch Mild Steei 
Plate " " 

Shearing Strength of 50,000 Pounds per Square Inch 


Thickness of Metal 


Hole Diameter, in Inches 


i 

i 

1 

h 

f 

1 

1 

I 

0.35 

0.71 

I . I 

1.4 

1.8 

2,1 

2.5 

2.8 

0.47 

0.94 

1.4 

1.9 

2.4 

2.8 

3-3 

■" 3 i" 

4.7 

5*9 

059 

1.2 

1.8 

2.4 

2.9 

3 -S 

4.1 

0.74 

1*5 

2.2 

2.9 

3-7 

4.4 

" 5.2 

I .0 

2 . 1 

3-1 

4.1 

5.2 

6.2 

7.2 

8-3 

’ 9.4 

I . 2 

2.4 

3-5 

4.7 

5.9 

7.1 

S .3 


2.7 

4.0 

5.3 

6.6 

8.0 

9.3 

10.6 


3-7 

5-5 

7.4 

9.2 

11 .1 

12.9 

14.8 


4.9 

7-4 

9.8 

12.3 

14.8 

17.2 

19.7 



II . I 

14.8 

T A ^ 

18. 5 

22.1 

25.8 

29. s 




xy . 7 

24 . 6 

29 '5 

34-4 

39.4 





0'“' • ® 

36.9 

43.0 

49.2 

* 





44.3 

51.7 

59.0 


u- V ^ , pressure required ior one-level punching 

be“mfn?W ^ 

be punched. The resultant tonnage should not exceed annrnYi- 

mately two thirds the rated capacity of the brake for smooth^iper- 

• Stepped one-haE of the metal thickness or 

more, the total pressure will be reduced as follows : 

Punches on two levels, divide by 2. 

Punches on three levels, divide by 3. 

Punches on four levels, divide by 4. 

strength the cut by the tensile 

SnSfss ”d's. s£nT. 'ss 

b"*S“SiTS’in";2 “ ‘ “ 

^ Strength of Punch-Press Shaft and PIousing 

for the strength of a crankshaft of not over 4-inch 
throw is: Square the diameter of the shaft and multiply by si 
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i 


By this rule, a s-incli shaft with a throw not over 4 inches withstood 
a pressure of s X 5 X 3i ~ ^74 tons. 

In designing the housing, allow i square inch of area for each ton of 
pressure and make the housing 25 per cent stronger than the shaft. 

Tliese figures are for determining whether presses are strong 
enough for the work, rather than for designing, 

APPROXIMATE PRESSURE IN POUNBS REQUIRED 
FOR PUNCHING AND SHEARING DIFFERENT 
THICKNESSES OF STEEL AND BRASS PLATE 


Table 18. — Punching Pressure 


Number of Gauge 
U. S. Standard Plate 

Figured for 1 Inch Diameter Hole Without 
Shear on Dies^ 

Steel, Pounds 

High Carbon 
Steel 

Brass. Pounds 

20 

S.890 

8,83s 

4,123 

18 

7.854 

11,781 

5,498 

16 

9,817 

14,726 

6,872 

13 

14,76s 

22,148 

10,335 

11 

19,63s 

29,452 

13,744 

A 

29,452 

44,178 

20,616 

t 

397270 

58,905 

27,489 

A 

49,087 

73,631 

34,361 

1 

58,905 

88,357 

41,233 

A 

68,722 

103,080 

48,104 

1 

78,540 

117,810 

54,978 

f 

98.17s 

147,262 

68,722 

i 

117,810 

176,71s 

82,467 

i 

137,445 

206,167 

96,211 

I 

157,080 

235,620 

109,956 


1 Other diameters in proportion. 



t 
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Table 19,— Approximate Pressures in Pounds por Punching 
Brass and Steel; eor i-Inch Diameter of Hole 


Gage, U. S. Standard Plate 

Shearing Strength of Brass per Sq. In. 

=* 3S.000 Lb. 

Shearing Strength of Steel per Sq. In. 

50,000 Lb. 

Shearing Strength of High-carbon Steel per 

Sq. In. « 75,000 Lb. 

No. 

Thickness 

Brass 

Steel 

High-carbon 

Steel 

28 

.015625 

1,718 

2,454 

3,681 

27 

.0171875 

1,870 

2,790 

3,928 

26 

.01875 

2,067 

2,940 

4,395 

25 

.021875 

2,408 

3,422 

S,i68 

24 

.025 

2,749 

3,927 

5,890 

23 

.028125 

3,080 

4,396 

6,640 

22 

.03125 

3440 

4,914 

7,316 

21 

•03487s 

3,781 

3,385 

8,024 

20 

•037s 

4,123 

5,890 

8,83s 

19 

•0437s 

4,816 

6,876 

10,484 

18 

.05 

3,498 , 

7,854 

11,781 

17 

.05625 

6,190 

8,940 

13,236 

16 

.0625 

6,872 

9,817 

14,726 

15 1 

.0703125 

7,696 

10,990 1 

16,520 

14 

.078125 

8 ,S 97 

12,246 ! 

18,408 

13 

•09373 

10,335 1 

14,765 

22,148 

12 

•109375 

11,985 

17,110 

25,721 

II 

.125 

13,744 

19,63s 

29,452 

10 

. 140625 

15,505 

22,135 

33,040 

9 

.15625 

17,150 

24,540 

36,810 

8 

,171875 

18,912 

27,900 

39,280 

7 

.1875 

20,672 

29,400 

43,950 

6 

.203125 

22,321 

31,870 

47,900 

5 

.21875 

24,080 

34,2 20 

51,680 

4 

•234375 

25,729 

36,700 

55,224 

3 

2 1 

I. ! 

.250 

27,490 

39,270 

58,900 


Rule. — Multiply thickness of stock by length by shearing 
Strength of material. 
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Table 20 —Approximate Pressure in Pounds tor Shearing 
Brass AND Steel por iTnch Length op Cut 
Shearing strength of brass per sq. in. ~ SS^boo lb. 

Shearing strength of steel per sq. in. ^ = 50,000 lb. 

Shearing strength of high-carbon steel per sq. in. — 75 jOoo lb. 


Gage, U. S. 

Standard Plate 

Pounds Pressure 

No. ■ 

Thickness 

Brass 

Steel 

High-carbon 

Steel 

28 

.015625 

546 

780 

1,170 

27 

.0171875 

59 S 

850 

1,275 

26 

.01875 

615 

940 

1,400 

25 

.021875 

770 

1,090 

1,63s 

24 

.025 

87s 

1,250 

1,875 

23 

.028125 

980 

1,405 

2,100 

22 

.03125 

1,085 

1,560 

2,340 

21 

•03437s 

1,190 

1,715 

2,550 

20 

•0375 

1,312 

1.87s 

2,812 , 

19 

■0437s 

1,540 

2,185 

3,280 

18 

.05 

1,750 

2,500 

3,750 

17 

.05625 

1,960 

2,810 

4,200 

16 

.0625 

2,187 

3.125 

4,687 

IS ^ 

.0703125 

2,480 

3,515 

5,250 

14 

.078125 

2,710 

3,905 

5,850 

13 

.09375 

3,290 

4,700 

7,050 

12 

. 109375 

3,81s 

5,465 

8,200 

II 

,12s 

4, -375 

6,250 

9,375 

10 

. 140625 

4,935 

7,030 

10,500 

9 

.15625 

5,460 

7,810 

11,700 

8 

i .171875 

6,020 

8,598 

12,900 

7 

1 .1875 . 

6,562 

9,375 

14,062 

6 

.203125 

7,075 

10,155 

15,225 

S 

.21875 

7,667 

10,935 

16,425 

4 

•23437s 

8,190 

11 , 7*5 

17,550 

3 

2 

. I' 

,250 

8,750 

12,500 

18,750 


Rule.— M ultiply thickness of stock by length by shearing 
strength of material. 
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Table 21.— Penetration Table 
(Table showing to what extent in shearing or punching operations 
soft steel has to be penetrated by the knives or punches to effect 
complete severance of the material.) 


The percentage of other metals depends 'On their hardness. 

Table 22. — Shearing Table 


Number of Gauge 
U. S. Standard Plate 


Pressure Figured for i Inch length without 
Shear on Dies 

Steel, Pounds Brass, 'PonnC 


1.87s 

2,812 

2,500 

3.75° 


4,687 

4,700 

7,050 

6,250 

9,37S 

9 i 375 

14,062 

12,500 

i 8 , 7 So 

15,625 

23,437 

iS, 7 So 

28,125 

21,875 

32,812 

25,000 

37,500 

31, 1250 

46,87s 

37,500 

56,250 

43,750 

65,625 

50,000 

75,000 



Formula: Length X thickness X shearing strength of material ^ 
of pressure required. 


Shearing strength per square inch of steel. 

Shearing strength per square inch of high carbon steel. 
Shearing strength per square inch of brass. .......... 


Pounds' ' 

50.000 

75.000 

35.000 


, Since most tools are sheared, the above pressure can be taken at 
one-half as given in table up to i-inch thickness in stock. Beyond 
i inch, up to I inch, not less than two-thirds of the above given 
pressures should be taken for safe figuring on suitable press. 
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Table 23.-— Average Ultimate Strength of Materials 

Pounds per Square Inch 

■ ■■ . ■ . 

■ 'Material 

Shear 

Com- 

pression 

Tension 

Aluminum, cast. 

12,000 

12,000 

15,000 

Soft sheet 

15,000 


15,000 

Half hard sheet 

19,000 

60,000 

19,000 

« Hard sheet 

25,000 


28,000 

1 Asbestos millboard 

3,Soo 



Brass, cast ' 

1 Drawing, soft sheet. 

36,000 

30,000 

30,000 

30,000 


47,000 

t Half hard sheet 

35,000 


60,000 

? Hard sheet 

40,000 


85,000 

, Bronze, gun metal 


20,000 

40,000 

j Phosphor, soft sheet. . . . . . 

40,000 


455O00 

1 Manganese, 


1 20,000 

70,000 

i Copper, cast. 

25,000 

40,000 

24,000 

Rolled 

28,000 

60,000 

37,000 

Wire, annealed. 



36,000 

Wire, unannealed. 



60,000 

Dow-metal, cast. 

18,000 

44,000 

24,000 

1 Duralumin, soft sheet 

30,000 

50,000 

35,000 

! Treated 

35,000 

60,000 

55,000 

1 Treated and cold rolled 

40,000 

75,000 

75,000 

Fibre, hard. 

24,000 



J: German silver, half hard. 

32,000 



i Iron, cast. ' 

25,000 

90,000 

22,000 

1 Iron cast (2 per cent nickel) 

50,000 

150,000 

50,000 

; Iron (25 per cent steel) 

30,000 

90,000 

30,000 

Iron, wrought. 

40,000 

46,000 

50,000 

Iron wire, annealed 



45,000 

Iron wire, unannealed 



80,000 

Lead... .: 

4,000 


3,000 

Leather, chrome. 

7,000 


10,000 

Oak... 

7,000 


4,000 

Rawhide........... 

13,000 



Monel metal, cast ...... 

60,000 


75,000 

j Rolled 

65,000 

90,000 

95,000 

! Nicro copper 

30,000 


37,000 

^ Paper, hollow die 

3,000 



Flat punch. 

8,500 



) Bristol board, flat punch. . . 

4,800 



» Strawboard, flat punch ... . 

3,500 



Silver."..". , . .. .. . 

30,000 


38,000 

i Steel, casting. .... ........ . . . 

60,000 

65,000 

70,000 

Boiler plate 

60,000 

70,000 

70,000 

^ Cold drawn rod. 

58,000 


65,000 
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Table 23.'~“AvEitAGE Ultimate Strength of Mateeials,--- 
Continued 

Pounds per Square Inch 


Material 

Shear 

Com- ■ 
pression : 

Tension 

Drill rod, not tempered 

80,000 


130,000 

85,000 

Nickel (about 3I per cent) . . 
Plow 

70,000 



Silicon*. 

65.000 

70.000 

45.000 

SS,OOQ 

70.000 

80.000 



Stainless 



o.io carbon (soft) 

60.000 i 

65.000 

60,000 

0.25 carbon (mild) 

0.50 carbon. 


0,75 carbon 



1. 00 carbon, 

85.000 

95.000 

190,000 


130.000 

150.000 

250.000 
80,000 

120.000 

180.000 

200.000 

300.000 

•2. eon 

1.20 carbon tool steel 
annealed 


1.20 carbon tool steel 
tempered 


Wire, annealed 


Wire, unannealed. 



Wire, crucible 



Wire, suspension bridge. .... 



Wire, piano 



Tin, cast 

i . 

6,000 
6,500 i 
20,000 

Sheet. 

5,000 

1 14,000 

16.000 

18.000 

5,000 

9,000 

Zinc, sand cast. 

Die cast. 

15.000 

24.000 

Rolled. 





In Fig. 28, page 627, is a diagram that makes it easy to estinaate 
the pressure necessary to pierce different metals. 


INFLUENCE OF STOCK WIDTH ON SCRAP 

The waste of stock in punch-press work — -always an important 
percentage of the original stock — ^will vary according to the location 
of the blank in relation to the edge of the strip of material and 
oftentimes also in respect to the number of blanks across the 
width of the metal. 

The simplest form of blank, a circular piece, leaves considerable 
scrap when the strip of metal is wide enough for only one blank. 
An example is seen in Fig. 29, where a i -inch blank is shown 
in three different widths of material, the waste scrap with the 
narrow strip amounts to more than 33 per cent of the total 
area in which the blank is enclosed. By doubling up, as shown, 
the scrap is reduced to something like 28 per cent, and, if still wider 
stock is used for three rows of blanks, the scrap is reduced still 
further or to about 22 per cent 



RATE OF TROEUCTION 
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With irregular shapes, even with dose nesting of the blanks in 
the strip, the waste is apt to be quite conspicuous. A typical case 
is that in Fig. 30 where two blanks are reversed end to end and 
interlocked as closeljr as feasible. In this instance the actual 
material in the blank is only one-half of the area used in producing 



Fig, 28.— -Pressure Required for Punching 


these blanks. Fifty per cent of the stock comes out in scrap. 
The salvage value of brass absorbs some of the original cost of the 
metal represented by the scrap, though this seldom amounts to 
much more per pound than one-third of the price of the new 
material. 


i 


RATE OF PRODUCTION 

If blanks are medium length, they should be placed crosswise 
of the strip of stock or, if longer, should be at an angle, thus using 


stock Shearing 5f nen^fh jnThousands of Lbs.per&qJn- 


r 

r 

r 

I 

i 



29 and so.—Locating Work on Strip Stock 
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feed. Usual ar^M^fed 

“=ft«Sss‘S?uS £3 

of"d?af/.=%”L?.tiatsi-3“‘£cra 


Stock 4reafyrBhnk ^Wljta ,n. 

jtoaofBJank msshom 

md% 


^ck Area for 2 Blanks ^2J9sa 
Area erf 2 Blanks 


Stock Area tbrJ3/anks»3.052soJn 
AreacrfJB/anks ^236 s7m 
Scrap " 


Fig. 29 


Area of Blank ^0.532 sq.m. 

Area ofBBfanks^l.OBq sq.m. 

Area of Stock f>r2B/anks=‘/^A'^/^-2.l47sah 
Scrap ^ 2/47-1.054^ AOBS^Sem 


TMs is a normal rate of production on smaU sample work with hand 

into ^ M ^ slides for guidii blanks 

.»ep.3K3S,etid«prdSj.'“„SS25- ” 


PRESS WOEK LUBIilCANTS 
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Some shops dp not recommend going to additional expense for 
such tools unless press runs are to exceed 200,000 or 250,000 blanks. 
Vhe argument is that, for smaller lots than this, the extra cost 
I of the tools is not justified. This is especially the case where the 
ultimate amount of work to be run is indefinite because of desirable 
’ changes in design or a fluctuation in the market for the product. 
Therefore, the design of the dies should be based upon the amount 
of work they are likelj to be required to run before being discarded. 

Second operations in drawing cups, formulas, etc., are necessarily 
slower than usual second runs as it takes longer to place and remove 
the cup. Cups 2 by 2I inches, for example, can, on the average, be 
^ drawn up at 12 to 15 per minute depending on the method used in 
; locating the blank and ejecting the drawn piece. 


i LUBRICANT FOR PRESS TOOLS 

Although there are some shops where no lubricant is used when 
working sheet metal and where good results are obtained, still 
it is best to use a lubricant on all classes of sheet-metal work. 

For all cutting of dies on brass and steel, a heavy animal oil is best. 
Pure lard oil is very satisfactory, although expensive. 

When punching copper or German silver, a thin coating of lard 
oil or sperm oil should be spread over the sheets or strips before 
punching. A good way to do this evenly is to coat one sheet thickly 
and then feed it through a pair of rolls, after which a number of 
. other sheets may be run through the^ rolls and thus coated evenly, 

j For drawn work this method of coating the sheets from which the 

: shells are to be drawn will be found to h& the best, as the coating of 

• oil on the stock will be very thin and it will not be found necessary 

t to clean the shells afterward, the oil having disappeared during the 

blanking and drawing process. When oil is applied with a pad or 
I brush, the coating will be so thick that it wiE be necessary to clean 
the article produced. 

Lubricant for Drawing Steel Shells 

I In drawing steel shells, a mixture of equal parts of oil and black 
lead is very useful, and, although it may be used warm, it does not 
i aflect the work as much as the speed of the drawing press does; the 
thicker the stock, the slower must be the speed of the punch. A 
5 heavy grease with a small proportion of white lead mixed in with it 
I is also recommended for this purpose. 

[ ' If the drawing die is very smooth and hard at the corner of the 
^ draw, or edge of the die, the liability of clogging will be reduced 
to a minimum. Often it will help to give to the die a lateral polish 
by taking a strip of emery cloth and changing the grain of the polish 
from circular to the same direction as the drawing. 

Lubricants for Brass 

For drawing brass or copper, a clean soap water is considered most 
satisfactory. One of the largest brass firms in this country uses a 
preparation made by putting 15 pounds of Fuller’s soap in a barrel 
of hot water and boiling until all the lumps are dissolved. This 
is used as hot as possible. If the work is allowed to lie in the 


PUNCH PRESS TOOES 


broken shells^willbelS:^^*^®^ be tot, or the percentage of 


Will ue large — ^ '-outage of 

S'li.” pkppM bpipu^rctj as 


Lubrication for Hot Dies 


Th rf c i. iui 43.01 xjies 

_directly affected *by?he^°ubriSnt die casdng, is 

minerlfluSinroTJ^ 

&es but lasts only about lo oer rent nf w • bot-pressing 

D.S without lubricant lastel only ^ ?erheliVs bnt^f 


deep drawing monel metal and NXCinrT 

diameteran^^deptHf TrawT '‘PPJy .*?’ 1 “ the reduction of 
nickel. (RelShere Snl d^r/f^ 
well-balanced series of reductions oT! pi A 
pressure ring) would be 30 tosTper cenfonV^^® P''®® 

20 to 2 s per cent on redraws^^ dwdfe operation, and 

pressure ring) redraws from nm ^ operation (without 

With very slight SeterdeZtion Stdad? 

3 o^per cent reduction in wall “htafn^d^”^ 

Dies. — nastf -u j. a. . 


Dies—r f • oe OD tamed. 

^ C suitable. ® carbide steel dies are recommeiidet 

■ti&ai’k£“™«.»=r“"'p ■*”' “«■ >•». 

h0kF^*1?' ^th‘^s?Srol£an’ol ILfe s‘«nger than fo, 

boles are left considerably hardSiel. ^ ^‘iges oi 
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of the bend lines will be found accurate and much tiresome arith- 
metical computation can be avoided. 

Experience has shown that the neutral plane of a formed metal 
part (for gages of No. 10 to 24, inclusive) lies 20 per cent of the thick- 
ness from the inside face and 80 per cent of the thickness from the 
outside face. Dash lines in Figs. 31 and 32 represent the neutral 
planes of square and reverse bends. Since the neutral plane is one 
where no stretching of the metal takes place, it is obvious that the 
length of the formed part along the neutral plane will be the correct 
length, or cutting size, of the sheet. 

It is an easy matter to compute the distance of the neutral plane 
from either side of the sheet. Similar computations can be made 
I for each gage in common use. Finally, deductions or allowances 
for square bends or reverse bends, either singly or together, can be 
computed and placed in tables for ready reference. 

Square Bends. — When the dimensions are given on the outside 
of a 90-degree form, the bend is considered square (see Fig. 31). 

Reverse Bends.— -When the dimensions are given on the inside of 
a 90-degree form, the bend is considered reverse (see Fig. 32). 

Folds. — A fold, such as shown in Fig. 33, requires no deduction 
or allowance. 

Sample Calculations 

To show how the tables are computed, consider two square bends, 
Fig. 31, in 16-gage sheet. The lengths of the three sides along the 
I neutral axes are: 

■ 2 — 2 X 0.0$ = 1.90 

: I — 0.05 =0.95 

j .1-0.05 , = 2:95 

I 3.80 

i Correct cutting length of the sheet is 3.80 inches, not 4 inches. 

The deduction to be made from the sum of the dimensions (which 
must all be on one side of the sheet) is 0.20 inch. This amount 
checks with that given in Table 24, for two square bends in 16-gage 
I material. ■ 

Calculation of the cutting length for a part with reverse bends 
will show that material must be added to compensate for the bends. 
From Fig. 32 the lengths of the sides along the neutral plane are: 

" 2 -b 2 X 0.0125 = 2.0250 

I 4* 0.0125 ~ 1.012$ 

^ I -j- 0,0125 — 1.012$ 

4.o$oo 

^ The amount to be added to the dimensions of the piece in order 

to get the correct cutting length is 0.05 inch. This value checks 
j with the table for the allowance Lo be added when considering two 
J reverse bends in 16-gage material. A blank layout, not to scale, 
is given for Figs. 31 and 32 to show the location of the bend lines. 

Other features of Table 24 are a column of fractions and decimal 
equivalents and a column of the weights of sheet steel per square 
? foot in gages Nos. 10 to 24 inclusive. 


I 
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Square AHD Reverse Bends 
Tables of deductions or allowances for combmation«; nf an. 
r*T 34 > are given in Tabk “5 

are also based on gages Nos. lo to 24, inclusive. 
set up the answer directly for combinations of from ^ 

square bend and one rwerse bend to eight square bends 
reverse bends, thus taking in practically every case that will come 
p. In addition, values are given for the condition of no square 



Figs. 31 to 34.~-Square Bends in Sheet Steel 


bend and one reverse bend, and vice versa. The zeros in 
mgs indicate the absence of one or the other kind of bend. 

^®^i2ontal row of figures in the headings, one will see 
or 

£re dtrertty'® ramtipli^d by the constant to geUhe 

^ The figures given in Table 25 are actually the algebraic sum of +1,.. 
allowances or deductions for the individual bendr Tn .0^ „ “ 
the result is positive and is indicated by a plus sign meaning that 
tks amount must be added to the dimensions on tfep“S |rhef 
^efcSns.'"^“’ must be deducted fro'^L sumTf 


Bend Radii for Steel Tubing! 

Mandrel Bends 

wiS rmfaTdJr and a bend made 

Xe b 

Ston’d! tube mechanically. The better grade 

1 SrafeTs Jo’^J tos.process, but as Ae toL are e^ivfand 
me opera.nons slow, their cost is somewhat high Mandrel hend= 
we used only when the metal must be kept sSh T^e reduct“o„ 
m diameter in the vertical plane is very Wt, and the bend m free 
' The Formed Steel Tube Institute.. 





Table 24.— SQtTA3aE and Reverse Bends 

To determine cutting: si2® of sheet steel: (i) add all the dimensions which must be on one side of sheet; (2) then deduct for 
square bends or add for reveme bends the dimension in the table which corresponds to the number of bends, Figs. 31 and 32. 
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from wrinHes. In the light gages and for small radii, it is diffir-. u 
tojnaie bends of this type that are whoUy free from wS* 

posSblT® ^ be heS 

Table 26 .~MfNiMmc Radii eor Mandrel Bends 


ito I 
I to I 
I to I 
I to 2I 
I to 2I 
I to 2 i 
I to 2i 
2i to si 
2i to si 
2| to 3i 

4 

si to 4 
si to 4 
si 


Minimum Radius, 
m Inches 


li X O.D. 
2 X O.D. 

X O.D. 
li X O.D. 

2 XO.D. 
2j X O.D. 

3 X O.D. 

2 X O.D. 
2j X O.D. 

3 XO.D. 
3 I X O.D. 
3l X O.D. 

4 XO.D. 
4i X O.D. 


diameter of the vertical pW 120 per ^^orthe 

j • ' , Distance between bends 

Bends m same plane v o n 

Bends in different plane X oId 

of between' center point 

Distance o£ bends from end of tube: 
in order to maintain true diameter of tube at the end the ce*Tiff»r 

EnVs'^n^hA'^^H ^ diameter from the eid plus the radLl * 

Bending wirHonj- a Mandrel 

mid?"? are numerous methods of making a bend without a 
are similar. The tools required are 
and can be used over a wide range of angles, and the 
a bend without a mandrel the dies 
Speller than the tube in order to support the 
wrmkling. There is a reduction in 
it'’ plane but the tube is free from wrinkles. 

1 ; A P°®®ibl® to produce bends of smaller radii 

® together and other 

leatures, the bends become more costly to produce. 
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Tabu. 27.— Minimum RADn FOR Bends without Mandrel 


Diameter, in Inches 

■ B.W. 

Gage 

Minimum Radius, 
in Inches 

,3 

z 

m 

14 

2.0682 


16 

2.1244 


20 

2.2175 

■■ ' I 

14 

2.8436 


16 

2.8998 


18 

2.949s 


20 

2.9928 

li 

14 

4.3942 


16 

4.450s 


18 

4.5002 ” 


20 

4.5435 

2 

14 

5.9449 


16 

6.0012 

1 

18 

6 .0509 

, ' ' ' . 1 

20 

6.0942 

2§ 

14 

1 7.4956 


16 

7.5519 


18 

' 7.6016 


20 

7.6449 

3 

14 

9.0463 


16 

9.1026 


18 

9.1523 


20 

9.1956 


Reduction in diameter of the vertical plane, 12! per cent of the outside 
diameter. , , 

Distance between Bends 

Bends in same plane. i X O.D. 

Bends in different plane 3 X O.D. 

Other data on distance between bends and on tools are the same as for 
Table 26. 

The minimum radius will be determined by the following formula: 

jr _ o.24687r(D^ — d^) 

I ^ . 

where JL 5= center-line radius, 
i) ss outside diameter. 

4 *= inside diameter. 

g',„s='.gage.'; ' ■■ ■ ' ■■ 

Thin-walled tubes can be bent without kinking if they are filled 
with a suitable material. Tar, pitch, and resin have been used, but 
it is not always easy to remove the material which must be heated. 
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Although it can usually be melted out, it is apt to leave a thin 
him inside which may interfere with the use of the tube. 

Fine sand is sometimes used, but it is more satisfactory where 
the wall of the tube is fairly heavy since it is very hard to fill the 
tube tight enough or to hold the sand during the bend and small 
kinks are apt to be formed during the bending. 

Walter C. Smith, metallurgist of the Cerro de Pasco Copper 
Co:poration, advises the use of Wood’s metal for this purpose. 
This metal is made of 50 parts of bismuth, 24 of lead, 14 of tin, and 
of cadmium, and melts at about i6o°F., or less than the heat of 
*boiling water. It can be bought in lo-pound ingots. 

The tube to be bent is closed at one end by a cork and warmed 
with a blow torch or boiling water or steam and the melted metal is 
poured in. When cool it is bent as desired and the metal then 
removed by heating in steam or hot water. It should not be over- 
heated as it may tin the inside of the tube. The alloy may be used 
repeatedly unless it is overheated, when it forms a dross and gives 
the alloy higher melting point. 

Handy Sheet-Metal Tables 

As the sheet-metal worker is often required to construct cans and 
tanks that will hold a given quantity, the following tables will be 
helpful : 

Sheet-Metal Cans and Tanks 


Gallons 

Diameter, 
in Inches 

Height, 
in Inches 

Gallons 

Diameter, 
in Inches 

-Height, 
in Inches 

I 

6f 

6 i 

SO 

2oi 

35" ' 

2 

Si 


1 55 

1 2ii 

36 

3 

9 

iji 

60 

■ 22 

37 

S 

10^ 

I3f 

6S 

22^ 

38 

6 

li| i 

i3i 

70 

23 

40 

8 

I3f 

I3§ 

75 

23 i 

40 

10 

I3f 

i6i 

80 

24 1 

40 

15 

I5l 

19 

8S 

25 

40 

20 

17J 

I9'l 

90 

24I .l 

45 

20 

16 

23 

95 

25 

45 

■25 . ■' 

18 

23 i 

100 

26 

45 

30 

l8i 

26i 

125 

27I 

SO 

35 

i8i 

30 1 

150 

29 

.'52f'",' 

40 

m 

34 

175 

30, 

,■■■ ,..'S7.r 

45 

191 

35 

200 

30| 

64 


Measuring-Cup Dimensions 


Size 

Diameter, 
in Inches 

Height, 

! in Inches 

1 pint . 

2iV 

2i 

' 3".' 

[■"■■ 

2M 

2 I 

1 pint . 

I pint. . 

■ ' 3i''"'' ' 

I ■ .quart, . , .. , , .... 

3^ 

'■■'■"'■ "3 

.'. ■ ■ sf ■ ■■ 

DrinHng cup. . . . . . . ......... ... . . 

2 I 

Drinki.ng'''.cup. , . . 

3f 

2 I 
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I 


, Dimensions of Fi^aking Measuses 
This schedule is one that is commonly used by sheet-metal 
workers in commercial shops. 


Size 

Top 

Diameter, 
in Inches 

Bottom 
Diameter, 
in Inches 

Height, ■ 
i ■ in Inches 

i pint , 

2iV 

2f 

2 i 

1 pint. 

2i 

2i 

2| 

I pint. 


3 

■ 4 * 

I quart 

3 i 

4 , 

s iV 

1 gallon., 

3I 

SA 

It 

I gallon. 

■ 

6| 

8} 

2 gallon. 

6i 

8| 


3 gallon. . , ...... 

8 

loi 

lOi 

4 gallon. 

! 81 

II i 

I2i»ff 

S gallon 

9 i . 

I 2 i 

12 A 


Flaeing-P AN Dimensions 

These standard sizes and dimensions of flaring pans may be con- 
structed with the least waste of material. , 


' 

Diameter 

Diameter 

! Height, 
in Inches 

Size 

of Top, 

of Bottom, 


in Inches 

in Inches 

I pint. , 

■ Si 

1 

■ 4. 

'21 

I quart. . 

61 


4f 

2i ' 

3 pint. 

81 


61 

'21' 

2 quart. 

81 


6i 

: 3F, ■ 

6 quart.' 

12 


9 

4 

10 quart. . . . . . ........... ... 

145 


9l 

4i 


, CoNBucTOR Pipe Dimensions; . 

Dimensions for cutting sheet for sizes of plain pipe that are most 
common in use; f inch has been allowed for lock seam. 


Round 


Pipe size, in inches. ..... .... . . , .... 

li 

2 


' 3 '', :: ■■ ' 

' ■ 4 ■ , 

Cut sheet, in inches 

Si 

7 


lOi ", 1 



Square 


Size 2 in inches. . ..... Dimensions, i| X 2 J inches Cut Sheet, S| inches 

Size 3 in inches. . ...... Dimensions, 2 X 3 Inches Cut Sheet, io| inches 

BiaGHT COiOe 

The base of this plate is best soft steel, either Bessemer or open' 
hearth, made especially for tinplating purposes. The word coke is 
* A, M. Castle Company, 
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a trade term indicating finisli. The trade has retained it from the 
time when high-grade tinplates were made from charcoal iron and 
lower grades from coke iron. Hence, plates with lighter coating 
are called coke tin. Bright coke tin is used for making furnace 
pipes, as well as cans or containers for fish, fruit, vegetables, etc. 


Size 

Sheets, in 
Inches 

Trade 
Term or 
Basis, 
Weight, 
in 

Pounds 

Nearest 
U. S, 
Standard 
Gage 

Symbol 

Sheets 

per 

Box 

Weight 

per 

Square 

Foot 

Weight 

Net 

Gross 

20 X 26J 

90 

32 


112 

0.413 

170 

182 

20 X 28 

90 

32 


II 2 

0.413 

180 

192 

20 X 29J 

90 

32 


II 2 

0.413 

189 

201 

24 X 28 

90 

32^ 


II 2 

0.413 

216 

228 

20 X 26! 

100 

30! ! 

I.C.L. 

1 12 

0.459 

189 

201 

20 X 28 

.100 


I.C.L. 

II 2 

0.459 

200 

■■ 212 ■■ 

20 X 28 

107 

30 

I.C. 

II 2 

0.491 

214, I 

226 

20 X 32^ 

107 

30 

I.C. 

II 2 

0.491 

248 ^ 

260 

20 X 39i 

107 

30 

I.C. 

S6 

0.491 

151 ^ 

163 

24 X 28 

107 

30 

I.C, 

112 1 

0.491 

257 

269 

24 X 29I 

107 

3 <^ 

I.C. 

112 I 

0.491 

271 

284 

24 X 324 

107 

30 

I.C. 

56 

0.491 

ISO 

163 

24 X 39I 

107 

30 

I.C. 

56 

0.491 

181 

194 


BRIGHT CHARCOAL TINPLATE^ 

Bright charcoal tin is coated with pure tin and is used for making 
vessels for permanent use. It is in various weights of coating 
according to the purpose for which the material is to be used. Each 
additional X indicates approximately one gage heavier base metal, 
and each additional A an additional coating of tin. 


Size 
Sheets, 
Inches ] 

Trade 1 
Term | 

Nearest 
U. S. 1 
Standard! 
Gage 

Coating 

Sheets 

per 

Box 

Weight 

per 

Square ; 
Foot 

Weight 

Net 

per Box 

Gross 

20 X 28 

iX 

28 

2 A 

1 12 

0.620 

258 

270 

20 X 28 

iX 

28 ; 

3A 

^ II 2 

0,620 

258 

270 

20 X 28 

2X 

264 

3A 

56 

0.712 

144 

156 

20 X 28 

3X 

25 § i 

3 A 

56 

0.804 

186 

198 

20 X 28 

4X 

25 1 

3 A 

1 : $6 

0.89s 

203"' ' 

215 

20 X 28 

4 X 

25 i 

SA - 

1 : 56 

0.89s 

i 203".. 




Temeplate is a kind of iron plate made by coating sheet iron with 
an aUoy of tin and lead. 

To *Herne'' means to coat with an alloy of tin and lead, or to 
make with temeplate, 

1 A. M. Castle Company. 
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ALiraimUM ALLOYS 


In some cases the minimum bend radii for various alum.-n,, 
aRoys are not apphcable to all methods of forming, and it isXr? 
fore, advisable to use a radius wherever possible that has a wirf^ 
application, that is, for use on either the power brake. Hydro Pr^ 
or the punch press. Such radii are shown in Table 27a 
Recent developments in the handling of ST material have 
available smaller radn than those formerly used for someloXs 
tiOM, and the absolute minimum will depend on the design^of th/ 
part and, the method to be used in its fabrication. 


FERROUS ALLOYS 

X-4130 steel can be safely formed to the radii in Table 27^. 


Table 276.— -Desirable Cold Bend Radii for X-4i^o 
Normalized Steel 


*^’^78 0.093 0.I2S 0.1560.187 0 2.«;o 

Radii...... A j A * J A 




Table 27c. Desirabie Bend tor Stainless Steel and Inconel 


0 . 01 2 0 . 020 0 . 02s 0 . 030 0 . 042 0 . oso 0 . 062 0 . 120 0 . 187 


302 — rA A A 

302— iH S 2 

32 mA 2 2 

347 -iA......... g g 

Incsnel— lA A 




A 
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PROPOSED STANDARD SIZES FOR AIRCRAFT TUBING 


Rapid increase in the number of sizes of steel aircraft tnKin,. 
specified by des gners since the start of Le rfarrnameS 
has imde It desirable to draw up a list of proposeTsSa?“S 

Standard, June, 1940; Hsted 

thicknts." In^r 

SAE^^7inateriT(“l®page 6^ ““ “ 

TWa? and David T. Marvel, National Tube Gompanv 

United States Steel Corporation subsidiary, state that a detailed 
study of orders recaved in that year 


AIRCRAFT SHEET METAL 640^ 

requirements for 328 sizes, but of 33,000,000 feet of tubing involved, 
some 95 per cent was covered by 205 sizes. This list of sizes is 
tabulated in Table 27^, and is submitted with the approval of the 
National Aircraft Standards Committee as a proposed working 
standard, which may be followed without hardship to either design 
or production. 

It is recognized that the aircraft manufacturer cannot adhere 
strictly to this list, but if he does so as much as possible the benefits 
will be better deliveries and lower prices. When 95 per cent of all 
orders are for standard sizes, consumers' orders can be grouped, 
thus permitting long mill runs on individual sizes, and creating a 
I stock reservoir that can be tapped in emergencies. Further, 
standardization of sizes permits stocking of finished tubing in both 
mill stocks and distributors' warehouses when conditions of supply 
and demand permit. 

Another advantage to the consumer is that jigs and fixtures, as 
well as fittings, will be reduced in proportion to the number of tub- 
ing sizes. 

j Special sizes will still be available, and where quantities are suffi- 

ciently large, there is no objection on the part of the tubing manu- 
i facturer to accepting such orders. 

Aircraft tubing is a special grade of cold-drawn mechanical 
\ tubing. Structural tubing is specified in plain carbon (SAE-1025) 

I and chrome-molybdenum (SAE X-4130) steel, the latter being 

I used in practically all but the lighter trainer-type planes. Because 

of difficulties m securing ample supplies of X-4130 steel, chrome- 
nickel-molybdenum (NE-8630) steel is being used as an alternate 
material. Equipment and tools used in the whole range of regular 
mechanical tubing have been available for manufacture of aircraft 
tubing — that is, to lof inches cutside diameter and wall thick- 

ness from 0.004 to if inch thick. Obviously, aircraft designers 
have not required this great range, and for the reasons cited above 
they should stick to the tabulated 205 sizes unless there are compell- 
I ing reasons for a special size. The proposed list of sizes does not 

j apply to tubing used in landing gear, engine parts, propeller blades 

1 and pressure lines. , 

! METHODS FOR CUTTING AIRCRAFT SHEET METALS 

I Every sheet-metal part for aircraft has some cutting operation 

; performed upon it. Parts must be so designed that they can be 

. cut on one machine and with one operation if possible. Bend 

I reliefs and notches are the most frequent violations of this rule. 

5 Consideration must also be given to adapting the part to manu- 

I facture on the most efficient type of production machine. The 

probable volume of parts affects the decision. Comparative effi- 
' ciencies of seven types of machines are listed, together with their 
, limitations for cutting various metals, 

i Courtesy of Douglas Aircraft Company. 
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Routing 


Machine Efficiency 

A Excellent B = Good C ~ Fair D ” Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

B 

B 

A 

5 to 50 

A 

A 

A ■ 

50 to 500 

A. 

A , 

A , 

500 and up 

A 

A 

A 


Notes.— S etup cost is low. Templet cost is low. Operating cost is 
moderate. 



Fig. 35. — Router. This Trims Stacks of Sheet Metal to Desired 
Shape. 


FMshecf 

part 


Pouter guide 
Cutter 



'"Tab/e 
I Matter iod stctck 
^'‘"■Router block 


min. 


Fig. 36. — Router Block Limitations. Absolute Minimum — 
^ Inch i?. Recommended A Inch K Eliminates Sharp Corners 
on Router Block, 



PROFILING 


640^ 


.Mateeials Cut. - 

Alumimim, aluminum alloy, magnesium alloy, copper, and other^ "soft” 
metals may be cut. . ^ /. -tt , , . 

Corrosion-resistant steel rums xnost router bits. Used only m special 
instances. 

Design Considerations 

If any cutting operations must be done on router, the entire part should be 
adapted for router. . , ‘ . 

Routing is more expensive than straight shearing and/or punch press 
notching where punch dies are on hand, but is the least expensive method 
! of blantong large or complicated shapes. 

If large numbers of small parts are to be made, consider the possibility of 
combination punch-press blanking and forming. » 

I Profiling 


Machine Effiotency 

A Excellent B = Good C = Fair D Poor 


^Number of Parts 

Cost 

Speed 

Accuracy 

1 to S 

B 

B 

A 

5 to so 

A 

A 

A 

$0 to 500 

A 

A 

' A , ' 

500 and up 

B 

B 

A ■ 


Note. — Form block cost is small. Setup cost is slight. Operating cost 
.is moderate. 



Fig, 37.— Specialized Routing Machine for Trimming Edges of 
Formed Sheet-Metal Parts. 

Materials Cut 

Aluminum, dural, magnesium, and other "soft” metals, but not corrosion- 
resistant steel, and Inconel. 

Limitations 

Only limiting dimensions are; 

Max. thickness of material — i inch. 

Min. size inside radius cut— I inch. 


I . Design Considerations . 

This is the most accurate method available for trimming irregular edges of 
‘ formed parts. 
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Properties of Materials 

Aluminum (2SO, 3SO) 

Aluminum Alloy 

this matenal has poorer ductffity ^d m^labiKy ^ut 

Magnesium Alloys 

Ho?? K ^ ^rM^tcKlZinnm^^fJ^l^'^- 

S be formed a7elevated tmpe?at?rls (3sa t^rTo^^Vv^bSt 
cient information is available to predict forming ablfity. ^ 

Corrosion-Resisting Steel 

elongation MdformingqSS. ^its tlSdSy^t^wo^^hard’'^™®^ 

A Sf^sin?'’ P°°t malleability.^ “a^ 

str|n|Uutpoo?L^My^^ gteat tensile 

tensile ^htfTer and 

Sawing 

A T. ., Machine EmciENCY 

A = Excellent B = Good C = Fair D = Poor 


Accuracy 


Part' must be 


Operating cost is moderate. 


NOTE.—Setup cost is slight, 
filed or burred after sawing. 


Table 27J. — 205 Sizes oe Steel Aircraft Tubing 
Recommended by National Aircraft Standards Committee 
(Dimensions in Inches) 
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PUNCH PRESS TOOLS 


Materials Gut 


All metals ^ma 7 be^cut on one of several types of saws available witliin 
thickness limitations indicated below. 


Limitations 


Max, Thickness 
Material in Inches^ 

Aluminum & Dural 3 

C.M. Steel | 

Cor. Resist. Steel f 

Inconel I 

Magnesium 3 

Minimum practical radius 
1 Single thickness or stacked material. 

Design Considerations 

By means of various types of saws practically all types of cuts may be 
made in all commonly used metals. 

Straight Shearing 

Machine Eeficiency 

A — Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 


I to 5 
5 to so 
SO to 500 
500 and up 


Accuracy 


Notes. — No die cost. Setup cost is very little. Operating cost is 
moderate. 



Fig. 39.— For Shearing Straight and Free Edges of Sheet Metal 
Materials Cut 

Will shear all metals within limits indicated in column. 

Design Considerations 

Use of a straight shear is limited to straight and free edges only. 

If cuts must be made on a part, and cannot be made on a punch press, it 
may be cheaper to design the item for production in one setup on a router. 



ROTARY SHEARING 




"Limitations 

Maximum: Length and Gage 


Material 

6 Inch Shear 
Max. Gage 

10 Inch Shear 
Max. Gage 

18 Inch Shear 
Max. Gage 

Aluminum 

0.312 

0.218 

0.218 

■SO 

0.312 

0.218 

0.218 

ST 

0.312 

0.218 

0. 218 

MG 

0.312 

0.218 

0.218 

Cor. Resist, Steel 

0.312 

0.125 


CM Steel 

0.312 

0.187 


CR Steel 

0.312 

0.187 



Rotary Shearing 

Machine Ei'ficiency 

A « Excellent, B = Good, C = Fair, ^ 1 ) = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

A 

A 

C 

S to so 

B 

B 

C 

SO to 500 

C 

C 

C 

500 and up 

D 

D 

C 


Notes. — No die or setup cost. Operating cost is moderate. 



^ Fig. 40. — For Shearing Irregular Shapes of Sheet MetaL 

^ ' Materials Cut 

Will shear all metals within limits indicated in table. 

Design Considerations 

Minimum radius which may be sheared is liinch. There is no maximum 
.'radius* ■ , ■ , , 
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!Rotary shears are a low production machine, used only for reworking parts 
or in cases where few parts are required. ’ 

Machine usually leaves rough edge or burr on parts; therefore, it is poorly 
adapted to cutting parts for concave flanges, where edge condition is critical 


Limitations 

Maximum Gage and Limiting Radii 


Material 

Max. Gage 

Min. Radius, 
in Inches 

Throat 
Clearance, 
in Inches 

Aluminum 

0.084 

li 

84 

SO 

0,084 

4 

84 

ST 

0.072 

2 

84 

■ MG 

0.072 

I-l 

^ 84 

Cor. Resist. Steel 

0.051 

2 

20 

CM Steel 

0.051 

2 

20 

CR Steel 

0.051 

2 

20 


Ptmcli-Press Shearing 

Machine Efficiency 

A == Excellent, B = Good, C = Fair, D == Poor 


Number of Parts 

Cost 

speed 

i Accuracy 

1 to 5 

Bi 

Bi 

A , 

5 to so 

A 

A 

A , ■ 

50 to 500 

A 

A 

A 

500 and up 

A 

A 

A 


Notes.— D ie cost is very high. Setup cost is moderate. Operating cost 
is low. 

Punch press cheapest and most efficient method if standard dies can be 
used; viz. standard notching die. 



Fig. 41. — Punch Press, a High-Production Machine Capable of 
Blanking or Notching Large Numbers of Small Parts. 



HYDRO-PRESS SHEARING 
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Materials Cut 

All materials may be sheared on a punch press. 

Design Considerations 

Notches or other standard cutouts may best be formed by standard punch 
dies. Therefore, specify standard notches or cutouts wherever possible. 

Limitations 

Limitations of punch press operations are usually limitations of individual 
dies. 


Hydro -Press Shearing 

Machine Efficiency 

A - Excellent, B = Good, C == Fair, D — Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

C 

C 

B 

5 to 50 

C 

B 

B 

50 to 500 

B 

B 

B 

500 and up 

C 

C 

B 


Notes. — Die cost is moderate. Setup cost is low. Operating cost is 
moderate. 
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Fig. 42. — Hydro-Press. Primarily a Forming Machine but 
Adaptable to Form and Shear or Gang Shearing Operations. 

Minimum Dimensions — Shearing 


Bond Relief Up to 0.040 Inch Inclusive, 



SHRINKING MACHINE 
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. Materials. Cut ' 

Aluminiim (2SO, 3SO) and soft stock (24SO)dnly in gages up to 0.040 inch. 
Design Considerations 

Typical applications of Hydro-Press shearing are: 

Where part is sheared and formed in same operation. 

Where large numbers of parts of same gage material are needed for same 

assembly. 

All shapes may be cut on Hydro-Press within limits indicated. 

Hydro-Press shearing results in combination shear and tension failure of 
metal. Therefore, edges must be dressed when subject to further stretching 
operations. . , , , , , . , , . 

To design aircraft sheet metal parts for economical production, one must 
understand the macliine selected to produce the part — its capabilities, limi- 
tations, efficiency in relation to other machines that might be used for the 
same purpose. 

Parts formed from hard stock, 24STAL aluminum alloy, exhibit superior 
physical properties and corrosion resistance, and have certain raanufacturirig 
advantages as compared to pieces made from soft stock. Most hard stock 
fabrication is performed on power brakes, stretcher presses and roll forming 
machines at present. 

Shrinking Machine 

Machine Ereiciency 

A = Excellent, B = Good, C = Fair, D == Poor 


Number of Parts 

Cost 

( Speed 

Accuracy 

1 to s 

A 

A 

c 

5 to 50 

A , 

A 

c 

50 to 500 

B 

B 

c 

500 and up 

C 

C 

c 


Notes. — No die cost. No setup cost. Operating cost is moderate. 



Fig. 43.- 


•A Shrinking Machine, an Aid to Hand Forming. 

Matehials Formed 

including 


All commonly used metals may be formed on this machine, 
lighter gages of stainless steel. 
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Design Considerations 

Parts are never designed to be formed on the shrinking machine TTif 
machine is used only as an aid to handforming. ’ 

Limitations 

Minimum flange radius, f inch. 

It is impossible to form all parts on a shrinking machine because it i«5 a 
reworked punch press and may interfere with larger parts when shrinking 
certain areas. 


Spiiming 

Machine Efeiciency 

A == Excellent, B - Good, C = Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

A 

A 

B 

5 to 50 

A 

A . 

B 

SO to 500 

A 

A 

B 

500 and up 

C 

C 

B 


— iuui cusu IS iiJtuuciaie, out uepenuenr i 
Setup cost is small. Operating cost is moderate. 



Fig. 44,—A Shrinking Lathe, Forming a Sheet of Metal into 
Revolute Shapes. 

Materials Formed 

Aluminum (2SO> 3SO) is the best material for spinning. 

Aluminum Alloy; 

Soft stock (2480, 24SOAL) spins well, although it may have to be annealed 
dunng the operation, Alclad will nut rub off except in very severe spinning. 

Hard stock (24ST, 24STAL) has not been spun successfully. 

Magnesium alloy will probably form if heated to 400 to soo°P. during the 
forming operation. 

CojTosion-resisting steel work hardens rapidly, but lighter gages in the 
annealed condition may be formed by reannealing during the spinning 
process, ■ ■ , . . 

Design Considerations 

Parts which lock on the die may be formed only on collapsible tools, which 
are considerably more expensive than a regular die. 


HYDRO-PRESS 
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Hard stock sliould never be Specified. _ 

Dimensions on spun parts should always be given to the concave side so 
they can be applied directly in making the spinning block. 

Accuracy of finished parts is possible and close tolerances can be held, 
although widest tolerances consistent with usage of part should be specified. 

Limitations 

No size limitations are involved, except the swing of a given machine. 

Hydro -Press 

Although capable of shearing lighter metal, the Hydro^Press is primarily 
a stretching and bending machine. It is adaptable to forming beads, flanges, 
lightening holes and similar shapes from sheet metal. 


Machine Efficiency 

A == Excellent, B = Good, C = Fair, D == Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

1 to 5 

B 

B 

B 

5 to so 

A 1 

A 

B 

SO to 500 

A . ■ 

A 

B 

500 and up 

A 

A 

B 


Notes. — Die cost is low. Setup cost is extremely low. Operating cost 
is low. Flexibility is very good. 


I 


! 

I 

! 

> Fig. 45.— HydrO“Press for Forming. 

i 

\ Materials Formed 

I Aluminum (2SO, SO) has excellent forming characteristics, no appreciable 

springback, and is good for complicated draws. 

Aluminum alloy- — soft stock (24SO, 24SOAL) has good forming character- 
istics, although it will elongate less than aluminum. Hard stock (24ST, 
j 24STAL) is preferable because it eliminates the heat-treating operation. 

An objection is that greater pressure is needed, and excess springback causes 
the part to warp. Accordingly, only certain parts can, at present, be made 
I from hard _ stock. ' 

^Magnesium alloy (M A, MH, AM3SO, AM3SH) has the same general 
characteristics as soft stock when formed on a hot plate. 

Corrosion-resisting^ steel ( 1 8-8 ) has good forming characteristics in annealed 
; and in I hard condition in lighter gages. It is impossible to form full-hard 

metal because of insufficient pressure, 


i 
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Design Considerations 
In designing for the Hydro-Press, the main ^problems are: 

To form the part without splitting or wrinkling. 

To form the part properly in one stroke without hand malleting. 

To insure this, the following suggestions are given: 

Design for open flanges / ■ "'\ rather than closed flanges. ~j 

Design for simple flanges [ rather than f*"" ** C" flangefs.. 

Use channel sections | 'J rather than L — % sections. 

Locate beads on same side as flanges. }' ' ' ''''"V- "") In general, female 

bead dies form better than male bead dies. Form lightening holes in same 
direction a s flanges. I A ^ ~ ] Exception; Where closed flanges 
\'' "7 have to be used, specify "direction of lightening hole optional." 

Limitations 

2.000- ton press (SM)^ — 36- by 96-inch table 
Rubber thickness, 6 inches. 

Max. formed height of part, 3 inches. 

5.000- ton press (SM) — 50- by 168-inch table 
Rubber thickness, 10 inches. 

Max. formed height of part (depends on method of loading and type of 
die), 8 to 10 inches. 

2,S00-ton press (LB) — 36- by 96-inch table 
Rubber thickness, 10 inches. 

Max. formed height of part, S to 10 inches. 


A == Excellent. 


Flanging Machine 

Machine Eeficiency 

B == Good, C = Fair, D — Poor 


Number of Parts 

Cost 

Speed 1 

Accuracy 

I to 5 ' 

' . ■ 'i 

A 

■ B 

B 

Stoso 

B 

A 

B 

50 to 500 

B 

B 

B 

500 and up 

D 

C 

B 


Notes. — No die cost. Setup cost is moderate. Operating cost is 
moderate. 




Fig. 46. — A Flanging Machine; Forms Straight C Flanges on Ail 
Radii. 
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Materials 'Formed . , 

All sheet metals can be formed on flanging machines within their limiting 
bend radii. 

Design Considerations 

Flanging machine is used mainly for C flanges which have been partly 
formed on Hydro-Press. 

It is used also to bead wire. 

The machine is actually an aid to hand forming of flanges which cannot be 
formed otherwise. 

Limitations 

Individual tools control limits of flanging machine. 

Corrugating and Forming Roils 


Machine Efficiency 

A = Excellent, B ~ Good, C " Fair, D — Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

D 

D 

A 

S to so 

D 

D 

A- . 

SO to 500 

D 

D 

A ' 

500 and up 

B^ 

B" 

A 


Notes. — Die cost is extremely high. Setup is extremely high. Operating 
cost is very low. 

^ If rolls are on hand, these costs and speeds should be rated “ A.” 
Corrugations are made for stock. 



Fig. 47. — Corrugating and Forming Rolls. A Single-Purpose 
Machine for Making Corrugated or Hat Sections on a Production 
’ Basis. ' 

Materials Formed 

i All commonly used metals may be formed on these machines, within the 

I limiting bend radii of the metals used. 

Design Considerations 

The flrst design consideration is to try to use standard corrugation which 
can be made with roils on hand. 

When less than 2000 full-sheet corrugations are needed, and rolls are not 
available, the part will probably be formed on power brake, 

r . ' ■ 

f ■ ■' 

I 
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Limitations 

on’SaohfiS“a^^y * (developed width o£ ooirugation) depends 

dimensions width of corrugated sheet is dependent upon corrugation 
There is no limit on length of sheets. 

Stretcher Press 

Machine Eeeiciency 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

c 

B 

B 

5 to 50 

A 

A 

B 

SO to 500 

A 

A 

B 

Soo and up 

B 

B 

B 


is moderate, 

Experimental cost on new-type dies may be high. 



Fig. 48. A Stretcher Press. A Machine for Forming Com- 
pound Contours in Sheet Metal through Stretching over a Form 
Block. 

Materials Formed 

Aluminum (2SO, 3SO) probably can be used satisfactorily, but harder 
matenals are generally used to better advantage. 

Aluminum alloy (24SO,24ST) in both hard and soft grades may be used 
with equal facility. Use of Hard stock is recommended because it eliminates 
the heat-treating operation. Stretching does not scratch Alclad. 

Magnesium alloy-— No stretcher press work has been done with magnesium 
but IS pr9bably_feasible. 

V has very good forming qualities. Possible 

limitation might be power available for yielding stainless. 

Design Considerations 

At present, sheet-metal skin contours, and other faired sheet-metal sections 
are tile principal uses of the stretcher press. 

^ Much larger areas may be included in a single contoured sheet than pre- 
viously permitted by the Hydro- Press contouring method. 

Contours may be formed to advantage with hard stock, thus eliminating 
the heat-treating operation. 


DRAW BENCH 640^ 


Either right- or left-hand parts may be made with same die. Contoured 
parts may be “snapped through” to produce part of opposite hand (reverse 
contour). . ^ „ 

To determine the sheet stock size to be specified, add allowance for grip- 
ping metal. This added material may represent a high percentage of 
material waste for smaller parts. 

Limitations 

Max. Min. 

Length 20 to 25 ft, 24in. : 

Width 86 m. ^ None 

Minimum inside radius at the pull-line is inch. 

Draw Bench 


Machine Efficiency 

A — Excellent, B — Good, C = Fair, D — Poor 


Number of Parts 

Cost 

j Speed 

Accuracy 

I to 5 

I) 

D 

A 

5 to so 

C 

C 

A 

50 to 500 ! 

A 

B 

' A 

500 and up ! 

■A 

A 

A 


Notes. — -Die cost is moderate. Setup cost is moderate. Operating cost 
is moderate. 



' F’ig. 49.*— a Draw Bench. A Machine for Drawing Strip Stock into 

Formed Lengths. 

^ Materials Formed 

! Aluminum (2 SO, 3 SO) may be drawn easily. 

Aluminum alloy— -Soft stock (17SO, 24SO) may be drawn easily. Hard 
stock (17ST, 24ST) — ^in the experimental stage. 

Magnesium alloy (MA, MH, AM3SO, AM3SH) in experimental stage. 
Corrosion-resisting steel may be drawn easily. 

f' ' 

Design Considerations 

Specify Standard sections wherever possible. 

Limitations 

In general, the same minimum bend radii may be used as for straight 
brakeLends, 

I 

i 


f 
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Drop Hammer 

A -r. « Machine Efficiency 

A = ExceUent, B = Good, C = Fair, B = Poor 

Number ot Parts Cost 1777" 

I tos C C m 

Stoso B B B 

SO to 500 C B B 

500 and up D n b 


cosUs high ?i? part! ” moderate. Operati^ 

paSrbelaStf«c«s1ve^ ®e™ral hundred 



^ Btammer. A Low-Production Machine for 
Severe Forming by Drawing and Controlled-Compression Failure. 

Materials Formed 

AlumSuS stJck drawing operations. 

which can be made in one or two hlts^’ Ifardtfeck f SsT ^ 2 aST®A 
used because of springback and work-hardSw rarely 

. Magnesium alloy (MA, MH AM^SO • i. 

istms with heated sheet and die^ ^ Good forming character- 

annealed^ conditioiT^nl^^^ ]^ardeMd^meta?^ hammer forming in 

gages. i^etal rums dies except in very thin 

Design Considerations 

des°S1ed°so th?t?t inform* v“* part.has not been 

drop-hammer production, ^viz: ^ ^ machine, the piece is adapted for 

forming entiV^part^ondrop^han?^ Hydro-Press, necessitate 
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Since drop-hammer work involves some drawing action, sharpy radii result 
ita excessive work hardening, causing part to crack. Sharp radii also cause 
excessive die wear. ■ ' ' ' , . . , , 

Symmetrical draws form better than do unsymmetncal shapes. 

Limitations 

There are no specific maximum forming limits for drop-hammer work- 
results depend on method of reduction, skill of the operator, and elongation 
of metal. 

Contouring Rolls 


Machine Efticiency 

A = Excellent, B = Good, C ~ Fair, D == Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to S 

A 

A 

B 

S to so 

A 

A 

B 

SO to soo 

■ , A'. ■ 

. A 

B 

500 and up 

B 

B 

B 


Notes. — No die cost. No setup cost. ^ Operating cost is moderate. 

All sheet metals can be formed on bending rolls, within their limiting bend 
radii. 



Fig. 51. — Contouring Rolls, Which Make Straight Contours in 
Sheet Metal. 

Design Considerations 

Compound bends cannot be made on contouring rolls. Such bends must 
be made on the Hydro-Press, or by other, more costly methods. 

It is extremely difficult to bend sheet metal in a complete circle to less than 
2 inches'. radius. 

Tapered roll sections may be formed without difficulty. 

• ' ' Limitations 

Width, gage of stock, minimum radius of contour formed depend upon 
the size and power the machine installed. Usually there is no limit on the 
length of sheet that can be handled, unless formed to more than 180 degrees. 
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Deep-Draw Press 

Machine Efeiciency 

A = ExceUent, B = Good, C = Fair, D = Poor 


Number of Parts 


I to 5 
5 to so 
SO to soo 
500 and up 


Accuracy 


~^Notes. Die cost is high. Setup cost is high^ OperatiTj 7 T 3 ^^X^'~~~ 
Experimental cost is often very high. ^ coat is low. 




Medium-Production Machine 
That Can Draw Parts by a Controlled Drawing Action 

Materials Formed 

Aluminum (2SO, 3SO) has the best forming charart^ricfi.^ .1 
sprmgback, and rapidity of work-hardening m-evelit^ excess 

y.fssr.zsfcs." „ 

full-annealed condi- 

Design Considerations 

“ symmetrical. This — preferable 


this “ ^yn-^emcai. This — \ / . preferable 

be^f pmed only in direction of draw. This not 

_Angle ^draw^^sh^ld te^^etrical, and as wide as possible. This 

can be made in one draw, then cut in half / — PX— ‘ 

or 3S0 of draw; tLefore specify only 2SO 
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; Limitations 

For a 6sO"ton press of one type, the maximum die size is 58 X 119 inches; 
the maximum practical draw, 19 inches. 

Punch Press 

Machine Efeiciency 

A = Excellent, B = Good, C — Fair, D = Poor 


Number of Parts 

Cost 

Speed 

Accuracy 

I to 5 

Di 

Di 

A 

S to so 

Di 

j)i 

A . 

50 to 500 

B’ 

C^ 

A 

500 and up 

A 

A 

A 


i Punch press cheapest and most efficient method if notching dies can be 
used. , 

Notes. — Original die cost is very high. Set-up cost is moderate. Oper- 
ating cost is very low. 



Fig. 53.— a Punch Press. A High-Production Machine Capable 
of Blanking, Forming, and Drawing Metals. 

, Materials Formed 

Aluminum (2SO, 3SO) has excellent forming characteristics and is very 
good for draws. 

Aluminum alloy (24SO, 24ST) in both hard and soft stock is used exten- 
sively. Hard stock is usually specified for simple blanking and forming 
operations; soft stock for more severe forming operations. 

Magnesium alloy (MA, MH, AM3SO, AM3SH)— use of this metal has 
not been developed. , ' 

Corrosion-resisting steel (18-8) blanks and forms exceptionally well. 

Design Considerations 

In designing any small sheet-metal part which is to be manufactured in 
large numbers, consider that some or all of part may be formed on a punch 
press.".' .Therefore: 

Specify standard notches, cutouts, bend reliefs, as these are all made by 
standard punch press dies. , ‘ 

Consider die clearance for all punching operations near flanges, beads, and 
joggles. . ■ 


PUNCH PRESS TOOLS 


. Limitations 

^^Limitations of punch press operations are usually Umitations of individual 

Power Brake 

Machine Efficiency 

A = Excellent, B = Good, C = Fair, D = Poor 


Number of Parts 


Accuracy 


I to 5 
S to so 
50 to 500 
500 and up 


standard dies used. Setup cost is low. Operating . 



Fig. S4.'-A^ Power Brake. Medium-Production Machine for 
Forming Straight-Break Flanges and Similar Shapes. 

Materials Cut 

Aluminum (2SO, 3SO) has excellent forming characteristics. 

Harf Xok”fsasf^^TfT“?’' ^^SOAC) is easily bent to small radii, 

^rfofmed t'o'^JM^pMX^i”” the part has to be 

tion^cS'haSines?'’^® exceptionally well in all condi- 

Design Considerations 

designing for power brake is that the punch 
where” ToSle!®^^ *° =^=shtly larger radius 

Limitations 

flange height depends upon material and bend radius. With 
^ f?r^i i4lld^.“ - A A ‘-h radius: 


for a ^ inch radius; 


SECTION XIV 


BROACHES AND BROACHING 

Broaching is extending its field yearly. Originaily used for 
round or irregular holes, it has replaced milling in many outside- 
finishing operations, such as the outside surfaces of automobile 
cylinder blocks and many smaller pieces. 

The chip cut by each tooth varies from o.ooi to 0.007 inch, 
according to the material being cut and the accuracy required. 
The teeth are usually undercut from 6 to 10 degrees to give a curl to 
the chip, while the top clearance is about 30 degrees. Some English 
practice undercuts 25 degrees, having top nearly flat. The distance 
between teeth varies according to the length of the hole being 



First Chip The Liast Chip Section of Broached Hole 

Fig. I. — Broaching a Square Hole 


broached, the spacing being larger for long holes so as not to have 
too many teeth engaged at oncej three, for example, is a good 
number. 

In broaching square holes from the round, or in other cases where 
there is a decided change of shape, the first teeth take the widest 
cut as at Fig. i. This evens up the work of the diflerent teeth 
as to the length of surface cut as the hole approaches a square as 
■■•seen at jB., ■ " , ^ 

The blank for the cutting part of each broach is first turned taper 
by an amount equal to the total cut of the teeth. The tooth spaces 
are cut about i inch apart and about ^ inch deep; this depends 
on the diameter of the broach, since it must not be unduly weakened. 
It is then milled ^ inch square as shown. The longer the hole, the 
more chip room must be provided. 

Where the hole or other surface to be broached is short, the teeth 
are often cut on an angle to give a shearing cut. This is also done 
to prevent chatter at times, another remedy being to space the teeth 
unevenly, as with reamers. 

Broaches are made both solid and in sections, the latter to permit 
the renewal of teeth that have become worn or broken. High speed 

' 641 ' 
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carbide-tipped broaches are being used 
Both i8 4 I and 18-4-2 and molybdenum steels are also 
The spacing of the teeth, the undercut, or rake, of the teeth and tl?' 
speed vary widely with the material and th^ surfLes K . 
These sectional broaches are made in a variety of ways Fi? 
showing examples where the sections are practicdly discs held 

cases, several teeth are made on one sectiL 
This IS for broaching internal gears having 66 teeth, 20 diamptrai 
ptch, and 2 -inch face. Each tooth cuts 0.006, and the last thr^J 
teeth are straight to ensure the size being accurate. 




-Broach for Internal Gears 


The Connecticut Broach and Machine Company suffaests 
following^spacmg for teeth on work of different length? TeetV 
are spaced more -closely for round broaches than in spHne broaches 
because the cut per tooth is about one-half that for splines. 


Length of Work, 

IN inches ij, Inches 

% i to ^ 

P A to if 

i. 1 toil 

F lA to if 

i ifitos 

P to 2| 

11 2^ to 3 

P 3 ^ to 3I 

L , 3 ft 04 i 

F ^A to 4I 

^ 4 Mtosi 

F 12 degrees with about 2 degrees for 
^rom IS to 30 feet Der^nute 
^ixed with water are commonly used. Fot tool steel 

used For^ c"5d foiled'^Z^ compound and 4 per cent sulphur are 
conrfder?bl/M material, this w^ould be 

broaching round holes 

have been broached instead of reamed in some nlaces 
for many years, and the practice is growing. It was f ormerl v mn 

^ ™ metals, m some few cases broaching from a cored 

hole. F<>rsmaU work, a sman arbor press with a sort 
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can be used to advantage. For larger work the arbor press operated 
i by power is very good, and, of course, the regular broaching machine 
i can be used in any case. These are for ^*push’^ broaching. 

Two broaches used in one shop are shown in Fig. 3; other sizes 
can be made in proportion. These were used in a hand arbor press. 
The first 5 or 6 teeth do most of the cutting, as these broaches only 
finish the holes instead of reaming. In some cases with broaches for 
soft-metal bearings and even in cast iron, the large end was left plain 
or with buttons and a trifling amount larger than the last tooth. It 
then acted as a burnisher and compresses the metal. This required 
a large amount of power. 
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Fig. 3. — Push Broaches for Round Holes 

In broaching round holes in cast iron, the broach was made from 
0.0002 to 0.0003 inch larger than the nominal size, and the land was 
O.OJE2, as shown. The holes were drilled close to size so as to leave 
very little work for the broach. In this case about 0.002 inch was 
left for broaching. 

Push broaches are usually short, being from 6 to 12 inches long. 

TO SAVE TIME IN BROACHINO OUT SQUARE HOLES 

The fit on a square shaft depends almost entirely on the flat 
surfaces at or near the corners. With this in mind, it is an economy 
to bore or drill the round hole in the gear slightly larger than the 
diameter across the fiats of the squared shaft, as shown in Fig, 4. 

Taking a i|-inch square shaft and boring the hole inch larger, 
or inches in diameter, we see in the illustration exactly what this 
would mean. The amount of metal to be cut out would be mate- 
rially reduced, the portion AB not being touched by the broach 
in any way. Yet the remaining surface in the corners would be 
ample to carry all the load, and the clearance .4 B would allow the 
best of lubrication. 

The center relief , as shown, gives considerable added chip space as 
well as reduces the amount of chip, thus allowing a heavier chip per 
tooth. This may either reduce the length of the broach or allow a 
longer hole, such as two holes at once, to be broached with the same 
length of broach. 


Mi; 
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The round-cornered square holes are used for square-form shafts 
when sliding gears or other similar parts are placed thereon, elimi- 
nating the use of keys. ^ 

The automobile created and originated a large demand for square 
shafts, and they are now used extensively in commercial work since 
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Fig. 4. — Center Relief for Square Holes 

the difficulty of producing square holes at a minimum cost has been 
overcome. 

The following table gives the standard dimensions of round- 
cprnered square holes, established by The J. N. La Pointe Company. 


Table of Standard Dimensions of Round- 
Cornered Square Holes 



No. of 
Square 

Size of 
Square, 
in Inches 

Size of 
Shaft, 
in Inches 

No. of 
Square 

Size of 
Square, 
in Inches 

Size of 
^ Shaft, 
in Inches 


A 

B 


A 

B 

I 

I 

li 

10 

1 1% 

III 

„ 2 , 

I* 

I’Ar 

II 

If ! 

2 

3 


If 

12 

Iff 

2 f 

4 



13 

■if 

at 

, . 5 



14 

ifl 


6 



15 

if 


7 

li 

4 

16 

Iff 

I 

8 

I 

iB 

17 

. ■„ 2 r' 




BROACHING MACHINES 

Broaching machines now include a number of types, such as 
horizonUl, vertical, and rotary. Some use a screw, and others 
hydraulic mechanisms, for pulling the broach. Multiple machines 
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are also in use. The rotary machines of the American type hold 
the work on a rotating table which carries it between stationary 
broaches fixed around the outside. These are loaded and unloaded 
while the table is in motion and give practically continuous cutting. 

Another type of broaching machine, the National, revolves 
round work, such as shafts with gears forged on the end, against a 
slowly rotating broach. This broach divides the work between its 
many teeth, the last tooth reducing the shaft to its correct diameter. 
The complete rotation of the cutter brings the first, or low, tooth in 
position for work on the next shaft. 

Push broaching machines are practically arbor presses. They 
are operated either by a screw or hydraulically. 

BROACHING SPEEDS 

Broaching speed varies greatly with the material and the type 
of broach and machine used. Some tractor plants run from 12 to 



Fig. 5 




A= Desired diam. 
' of beoring 

0.001 

H-A+a0015 3 

H-A+a0015 

H-A+0.001 

hA~0.00! 
h-A-0.002 - , 
kA-0.003 
KA- 0.004 
I^A'QOOS 

V"" Remove corners 
’ and lap smooth 

kA-QOIO 


Fig. 5, — Details of Broach Teeth 
Fig. 6.— Angular Teeth for Square Holes 
Fig. 7. — Burnishing for Broached Holes 


15 feet per minute because they prefer to take a heavy cut per tooth 
and so reduce the length of the broach used, which reduces tool cost. 
The average broaching speed is perhaps 20 feet per minute, with 
30 feet the practice in some cases. 

Usual tooth shapes are shown in Fig. 5. Tooth spacing or 
pitch is o.3sC, where C is the length of the cut. With a cutting 
length uncfer | inch, use 0.20C to get two teeth in the cut. 

Land L is backed ofi about J degree. Tooth angle T can 
usually be 30 degrees. The fillet at the bottom of the tooth should 
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by curvilgf Maf A A Se anglfof c to^7 sometimes be increased 


SQUARE BROACHES 


if ^th a;eTaL\rgiraf^^^ easil, 

sbould have the angle in Reverse to awfd side tfc 


burnishing BARS 

b^' wKt&Asiar 

lower ofSSrin^nd sL^l^ b°tt 

increasing by o.ooi incb until o oot button diameters 

eighth and lintb buttons are “h ov/rT/. ^ The 

IS O.OOI inch and the uoner pnrl hnJa whereas the last 

diameter of the finaVK^lsu es a 
mch, even though the metal may close fn after^?^^^^^ 
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BOLTS, NUTS, AND SCREWS 

Standard Bolts and Nuts 

Bolts, nuts, and screws are all being changed to conforna to 
practical standards and to reduce odd wrench sizes wherever 
advisable. The following pages show the sizes recommended and 
in some cases retain the old tables. It will be noted that toler- 
ances are now given for boltheads as well as for the threads. 


Areas oe Standard Bolts from { to 3 Inches in Diameter 


Bolt 

Areas 


Diameter o£ Bolt 

No. o£ Threads per 
Inch 

Full Bolt 

Bottom o£ Thread 

1 

20 

0.049 

0.027 


A 

18 

0.077 

0,045 



16 

0 . IIO 

0.068 


A 

14 

0.150 

0.093 



13 

0.196 

0.126 


A 

12 

0.248 

0.162 

Bolts are now made of so many kinds of 

■f 

II 

0.307 

0.202 

steel and other materials that bolt manu- 

f 

10 

0.442 

0.302 

facturers no longer list tensile strengths 

1 

9 

0.601 

O.4I9I 

owing to the wide variations in the quality 

I' 

8 

0 ’ 78 s 

0.551 

of the materials used. As the old table, 

ij 

,7 ■ 

0.994 

0.693 

which gave values of 12,000 and 17,500 

li 

7 

I . 227 

0.890 

pounds tensile strength, now applies to but 

If 

6 

1-485 

1 . 054 

few materials, it seems best to omit all but 

tI 

6 

I ■ 767 

1. 294 

the cross-section areas both of the full bolt 

if. 

. 5 i 

2.074 

1. 315' 

and at the bottom of the thread. Although 

if 


2.40s 

1.745 

this necessitates the calculation of safe bolt 

.xl 

5 

2.761 

2.049 

strength for each material, it is now con- 

2 

4I 

3.142 

2.300 

sidered better practice. 


4 i 

3-976 

3-021 


2I 

4 

4-909 

3.716 


2 i 

4 

S-940 

4.620 


3 

3 i 

7 • 069 

5 -428 
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4 BOLTS, NUTS, AHD SCREWS 

SLOTTED-HEAD machine SCBEWS, CAPSCPPHro 
Airo woon SCRETHrs 

";<■ »p>»» 

capscrews the round head is aUn vf screws. Tn 

«.WS U.. ovd h»d .fejh' fa. *" •« 


'S' "o' 


^ Bllisfer 

The “ Tables i to 15. 

Tahf ^ dimensions of the PhilIips’I:ro°s”shft”Lad^'^^ k“ 

Cross^il^tteJirel^^^^^^^ 
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BOLTS, NUTS, AND SCREWS 

— -b— ✓'-K, 


vj — IVTV 

u .,1 


Nom- 

Maxi- 

mum 


A 

H 

J 

Head 

• Diameter 

It /r _ f 1 ti r. . 

Height of 
Head 

— — __ 

Width of 
Slot 

1 


SiSr S- ^ Mta. ^ 


0.162 0.146 0.070 
0.187 0.169 0.078 
0.211 0.193 0.086 
0.236 0.217 0.09s 

o. 260 0.240 0. 103 
0.309 0.287 0.II9 
0.3S9 0.334 0.136 
0.408 0.382 0.IS2 

0.472 0.443 0.174 
0. S91 0.SS7 0.214 
0.708 0.670 0.254 ( 
0.82s 0.783 0.293 < 
0.944 0.897 0.333 ( 


All dimensions in inches. 


' 0.024 0.048 0.036 
0.026 0.053 0.040 
0.028 0.058 0.043 
0.031 0.062 0.047 

0.033 0.067 o.oso 
0.037 0.076 o.o?7 
0.041 0.086 0.064 
0.045 0.095 0.071 

o.osi 0.108 0.080 
o.o6r 0.130 0.097 

0.072 0.153 o.iii 
0.083 0.186 0.146 
0.094 0.219 0.179 


Formulas 

_Head diameter: Maximum A = 1.887D; Minimum A = X.813D 

+ o.ois; Minimum^ = 

^ Minimum T = 

Shape of head; semielliptical. 

J^or threads per inch see Table i. 
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All dimensions in inches. 


BOLTS, NUTS, AND SCREWS 

MAcmm Screws 


^Head 

Size piameter, 
in Inches 


M 


'm 

ill 


Head 
^Height, 
in Inches 


Slot 

.Width, 
in Inches 


American Screw Company. 


Slot 
. Depth, 
m Inches 


FILLISTER HEAD SCREWS 
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All dimensions in inches. 

Note i: The unthreaded body diameter of cap screws will have the same 
tolerances as the major thread diameter shown in the American National 
Standard for screw heads. Class 2 free fit, where the number of threads per 
inch is the same. 

Formulas 

Head diameter: Maximum A » nominal (no formula), Minimum A «*• 
Maximum A ~ (0.03 Max. A 4 - 0.008). 

Height of head: Nominal H « computed from maximum D and maximum 
A, with 81-degree (mean) angle. Nominal H, subject to variations in 
A and D and angle. 

Width of slot: Nominal J «» 0.160 D 4 0.024 » S (approximately 
cutter width), Maximum J * S 4 (0.05 S 4 0,003), Minimum J 
(0,05 S 4 0.003). 

Depth of slot: Maximum T « 0,500 H Nominal, Minimum T *» Maxi- 
mum T — 0.08 D, 

Countersink angle: maximum 82 degrees, minimum 80 degrees. 

Screw Points 

The points of all cap screws shall be flat, the flat being normal 
to the axis of the screw, and shall be chamfered at an angle of 35 
degrees with the surface of the flat, plus 5 degrees, minus o degree; 
the chamfer to extend to the bottom of the thread. The edge 
of the chamfer is to be slightly rounded. 


Depth of 
Slot 


Maxi- Mini- Nomi- Maxi- Mini- Maxi- Mini- 
mum mum nal mum mum mum mum 


J 0.477 0.146 0.070 0.058 0.073 0-053 

I 0.598 0.183 0.079 0.065 0.091 0.066 

I 0.719 0.220 0,088 0.074 o.iio 0.080 

0.780 0.220 0.098 0.083 O.IIO 0.075 

I 0.841 0.220 O.IIO 0.094 O.IIO 0.070 

X 0.962 0.256 0.123 0.106 0.128 0.083 

li 1.083 0.293 0.138 0.119 0,146 0.096 

li 1.326 0.366 0.154 0.134 0.183 0.123 
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Table 7. — Head Dimensions, Button Head Cap Screws 



D 

A 

H 

J 


T 



Head 

Height of 

Width of 

Depth of 

inal 

Maxi- 

Diameter 

ifead 

Slot 

Slot 

Size 

mum 




1 



Diam- 

j 






1 cter 

Maxi- Mini- 

Maxi- Mini- 

Maxi- 

Mini- 

Maxi- Mini- 



mum mum 

mum mum 

mum 

mum 

mum mum 


0.250 

0 * 4^3 

0.191 0.175 

0,070 

0.058 

0.117 0.097 

■h 

0.312s 

iV O.S 4 I 

0.246 0.226 

0.079 

0.06s 

0.1st 0.126 

1 

0.37s 

1 0,602 

0.273 0.251 

0.088 

0.074 

0.167 O.X37 

Si 

0.437s 

1 0.72s 

0.328 0.302 

0.098 

0.083 

0.202 0.167 


o.soo 

II 0.786 

0 . 3 SS 0.328 

O.IIO 

0.094 

0.219 0.179 


0 . 562s 

it 0.908 

0.410 0.379 

0.123 

0.106 

0.253 0.208 

t 

0.62s 

1 0.970 

0.438 0.40s 

0.138 

0.119 

0.270 0.220 

1 

0 . 7 S 0 

I i I .215 

0.547 0.S06 

0.154 

0.134 

0.337 0.277 


All dimensions in inches, 
i Formulas 

I Head diameter: maximum A » nominal (no formula); minimum A «»» 

I maxinuim A (0.02 maximum A + 0.0 ro). 

Height of head; maximum H = niaximum A; minimum H «» maxi- 
mum/if — (0.03 maximum A 4 " 0.003). 

Width of slot is same as in Table 6. 

Depth of slot: maximum T I minimum H\ minimum T >=» maximum 
r-o.oBD. 

Shape of head: semielliptical. 

I Cap-Screw Lengths 

j The length shall be measured from the largest diameter of the 
bearing surface of the head to the extreme point, on a line parallel 
to the axis of the screw. 

The difference between consecutive lengths of screws: 

For screw lengths J to 1 inch shall be | inch. 

For screw lengths i to 4 inches shall be I inch. 

For screw lengths 4 to 6 inches shall be | inch. 

I The tolerance in screw length shall be 3 per cent of the nominal 
length, with a minimum tolerance of 0.030 inch; one- third of the 
tolerance to be applied minus, and two-thirds plus. 

1 

Thread Lengths 

Slotted-head cap screws shall be regularly threaded coarse 
pitch, and when so threaded shall have a length of thread equal to 
2Z> -f i inch. Screws too short to allow the formula length of 
, thread may be threaded as close to the head as practicable. 
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Table 9.— H:isa;d Dimensions — Flat-Head' Machine Screws 
American Phillips 


Si vie 

Head 
Diameter, 
in Inches 

A 

Head 
_ Height, 
in Inches 

H 

Recess 
Spread, 
in Inches 

' ‘5 

Recess 
Depth, 
in Inches 

J 

Wing 
Thickness, 
in Inches 

r' ' 

2' 

0.172 

o.osi 

o.ios 

0.066 

0,020 


0.156 

0,040 

0.09s 

0.056 

0.016 

3 

0.199 

0 . 059 

0.117 

0.078 

0.020 


1 0.,i8i 

0.048 

0. 107 

0 . 068 

0.016 

4 

' 0.22s 

0.067 

0,130 

i 0,091 

0.020 


0.207 

o.oss 

0.120 

! 0.081 

0.016 

S 

0.232 

0.075 

0.151 

0 . 083 

0.027 


0. 252 

0.062 

0, 141 

0.073 

0.023 

6 

0.279 . 

0 . 083 

0.166 

0.098 

0.027 


0.257 

0.069 

0.156 

0.088 

0.023 

8 

0.332 

0. 100 1 

o.i8r 

0 , 1 13 

0,027 


0.308 

0.084 

0 , 1 71 

0. 103 

0,023 

10 

0.38s 

0. 1 16 

0. 196 

0. 128 

0.027 


0.359 

0 . 098 

0.186 

O.II8 

0.023 

' ' 12 ■' 

0 . 43 8 

0.132 

0.260 

0. 148 

0.032 

* 

0.410 

0. 1 12 

0.250 

0, 138 

0.028 


O.S07 

0.IS3 

0.275 

0.163 

0.032 


0,477 

0. 131 

0.26s 

0.153 

0.028 

.A 

0,636 

0. 192 

0.357 

0.208 

0.045 


0 . 600 

0. 166 

0 . 347 

0. 198 

0.041 

■ , 1 

0.762 

0.230 

0.38s 

0.237 

0.04s 


0.723 

0,200 

0.37s 

0.227 

0.041 

•is . 

0 . 890 

0 , 269 

0.401 

0.253 

0.04s 

■ 1 

0.845 

0.23s . 

0.391 

0.243 

0.041 

1. 01 7 

0.307 

0.416 

0.268 

0.04s 


0 . 967 

0 , 269 

0.406 

0.258 

0.041 
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Table io. — Head Dimensions — Round-Head Machine Screws 
American Phillips 


Size 

Head 
Diameter, 
in Inches 

A 

Head 
Height, 
in Inches 

ri 

Recess 
Spread, 
in Inches 

.S’ 

Recess 
Depth, 
in Inches 

J 

Wing'' 
Thick'n’ess, ■ 
in Inches, 

T ' ' 

2 

0 . 162 

0.070 

o.ni 

0.089 

0.020 


0 . 146 

0.059 

O.IOI 

0.079 

0.016 

3 

0.187 

0.078 

o.no 

0.097 

0.020 


0.169 

0.067 

* 0. 109 

0.087 

o.oi6 

4 ■ ,i 

0.211 

0.086 

0. 127 

0 . lOS 

0.020 


0.193 

0.075 

0. 117 

0.095 

0.016 

s . 

0.236 

0.095 

0. isi 

0. 104 

0.027 

. 

0.217 

0.083 

0.141 

0.094 

0 . 023 

6 

0.26a 

0,103 

0.159 

0.112 

0.027 

8 

0 . 240 

0.091 

0.149 

0. 102 

0.023 ■ 

0.309 

0. 119 

0 . 175 

0.128 

0.027 


0 . 2$7 

0. 107 

0. 165 

0. 118 

0.023 

10 

0 , 3 S£> 

0. 236 

0.192 

0.14s 

0.027 


0.334 

0.124 

0. 182 

0 .I 3 S 

0.023 

12 

0 . 408 

0.152 

0.246 

0.16s 

0 . 032 

i 

0.382 

0.140 

0.236 

0. ISS 

0.028 

0.472 

0.174 

0 . 265 

0 . 187 

0,032 


0.443 

0.161 

0.2SS 

0,177 

0.028 ‘ 

i*tf 

0.591 

0,214 

0.30s 

0.227 

0.032 

1 

0 . 5.57 

0.200 

0.29s 

0.217 

0.028 

0.708 

0.254 1 

0.384 

0.281 

0,04s 


0,670 

0.239 

0.374 

0.271 

0,041 


0.82s 

0.293 

0.398 

0.207 

0.04s 


0.783 

0.278 

0.388 

0.287 

0.041 

4 , 1 

0.944 

0.333 

0.413 

0.314 

0 . 04s 


0.897 

0.317 ; 

0.403 

0.304 

0.041 



OVAL-HEAD SCREWS 


6S9 





Table ii.-— Head Dimensions — Oval-Head Machine Screws 
American Phillips 


I 


: Siae : 

Ifead 
Diam- 
eter, in 
Inches ; 

Head I 
Height, 
in Inches 

Height 
of Oval, 
in Inches 

Total 
Hewht 
of Head, 
in Inches 

Recess 
Spread, 
in Inches 

Recess 
Depth, 
in Inches 

Wing 
Thick- 
ness, in 
; Inches 


A 

H ' 

F 

F 4 * H 


J 

1 r. 

2 

0.172 

0.051 

0.029 

0.080 

1" 

0, 109 

0.073 

1 0.020 


0.156 

0.040 

0.022 

0.062 

0 . 099 

0.067 

i 0.016 

3 

0 . 199 

0.059 

0.033 

0.092 

0. 121 

0.090 

0.020 


0,181 

0 . 048 

0.026 

0.074 

O.III 

0 . 080 

0.016 

4 

0.225 

0.067 

0.037 

0.104 

0.133 

0.103 

0,020 


0.207 

O.OSS 

0.029 

0 . 084 

0.123 

0.093 

0.016 

S 

0 . 232 

0.075 

0.041 

0. 1 16 

0. iss 

0,098 

0,027 


0.2S2 

0.062 

0.033 

0.09s 

1 0.14s 

0.088 

0.023 

6 

0 . 279 

0.083 

0 .04s 

0.128 

0. 170 

0.114 

0.027 

8 

0,257 

0.069 

0.036 

0. los 

0. 160 

0.104 

0.023 

0 . 332 

0, 100 

0.053 

0 .IS 3 

0. 189 

0.133 

0 . 027 


0 . 308 

0,084 

0.043 

0.127 

0.179 

0.123 

0.023 

10 

0.385 

0. 116 ] 

0.061 

0.177 

0.206 

O.ISl 

0,027 


0,359 

0.098 ! 

0 . 050 

0.148 

0.196 

0.141 

0,023 

12 

0.438 

0. 132 

0.069 

0 . 201 

0.267 

0.174 

0.032 


0.410 

0,112 

0.057 

0.169 

0.257 

0.164 

0.028 

i 

0,507 

0 .IS 3 

0.079 

0,232 

0.287 

0.194 

0.032 


0.477 

0. 131 

0.066 

0.197 

0.277 

0. i8d 
0.266 

0.628 

A 

0 , 036 

0. 1:92 

0 . 098 

0 . 290 

0.387 

0.045 


0 .600 

0 . 166 

0 . 083 

0.249 

0,377 

0.256 ; 

0.041 

1 

0.762 

0. 230 

G. II7 

0.347 

0.407 

0.28s i 

0.04.S 


0.722 

0, 200 

0.100 

0 . 300 

0.397 

0.275 

0.041 

A 

0 , 890 

0. 260 

0 , 138 

0.407 

0.419 

0.298 

0.045 

i. 

" 0.84s 

0.23s 

0.120 

0 . 3 SS 

0.409 

0.288 

0.041 

1 .017 

0.307 

O.ISO 

0.467 

0.434 

0.314 

0.04s 


0.967 

0.269 1 

0.132 

0.401 

0 . 424 

0.304 1 

0.041 
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Table i2,—Heai> Dimensions — Fillister-Head Machine 
Screws 

American Phillips ■ 


Size 

Head 

Diam- 

Head ! 
Height, 

Height 
of Oval, 

Total 

Height 

Recess 

Spread, 

Recess 

Depth, 

1 ^ 4 - 

1 



Inches 

in Inches 

in Inches 

in Inches 

in Inches 

in Inches 

xwHs, in 

Inches 



A i 

B 

F 

F H 


S 

J 

r 

2 


0.140 

0. 

.055 

0.028 

0.083 

0 

.103 

0.076 

0.020 



0. 124 

0 

.04s 

0.018 

0.063 

0 

.093 

0 . 066 

0.016 

3 


0. 161 

0, 

.063 

0.032 

0.09s 

0 

.113 

0.087 

0,020 




0, 

.052 

0.021 

0.073 

0 

.013 

0.077 

0.016 

4 


0.183 

0, 

,072 

0 . 03 S 

0.107 

0 

. I 2 S 

0.099 i 

0 .020 



0.166 

0, 

.062 

0.024 

0.086 

0, 

.115 

0.089 

0.016 

S 


0.204 

0, 

,081 

0.039 

0.120 

0, 

. 158 

0. 109 

0,027 



0. 187 

0. 

,068 

0.027 

0.095 

0 

. 148 : 

0.099 

0 . 023 

6 


0 . 226 

0, 

,089 

0.043 

0.132 

0, 

. 169 : 

0.121 

0.027 

8 


0. 208 

0. 

,076 

0 . 029 

0.105 

0, 

.159 

0, III 

0.023 


0.270 

0. 

106 

o.oso 

0.156 

0, 

.191 

0.144 

0.027 

10 


0.250 

0. 

091 

0.03s 

0.126 

0, 

.181 

0. 134 

0.023 


0.31s 

0. 

,123 

0.057 

0.180 

0, 

,213 

0 . 167 

0.027 

12 


0 . 292 

0. 

.107 

0.041 

0 . 148 

0. 

.203 

0.157 

0.023 


0.357 

0, 

.141 

0 . 004 

0.20s 

0 

.271 

0. 191 

9.03a; 


i 

0.334 

0, 

.123 

0.047 

0 . 169 

0, 

,261 

0. 181 

0,028 


0.414 

0. 

.103 

0.074 

0 . 237 

0, 

.299 

0.220 

0.032 


A 

0.389 

0. 

■ 143 

0.054 

0.197 

0, 

.289 

0.210 

0.028 


0.S19 

0. 

205 

0.092 

0.297 

0, 

352 

0.276 

0,032 



0.490 

0. 

, I8I 

0,068 

0.249 

0. 

,342 

0.266 

0.028 


i 

0.022 

0. 

,246 

0.109 

0 . 3 SS 

0, 

.434 

0.331 

0.045 



0 , Spo 

0. 

,218 

0,082 

0.300 

0. 

,424 

0.321 

0.041 


iV 

: 0.727 

0. 

.287 

0.126 

0.413 

: 0. 

,443 

0.334 

0 . 04s 



0 . 690 

0. 

2SS 

0.095 

0 . 3 S 0 

0. 

.433 

0.324 

0.041 


f 

0.831 

0. 

,328 

0.144 

0.472 

0. 

,449 

0.339 

0.045 


— 

0.791 

0, 

293 

0. 119 

0.412 

0. 

439 

0.339' 

0.041 
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Tabi,:e 1 3. —Head Dimensions — Truss-Head Machine Screws 
American Phillips 



Head 

Head 

Recess 

Recess 

i Wing 


Diameter, 

Height, 

Spread, 

Depth, 

Thickness, 

iSi26 

in Inches 

in Inches 

in Inches 

in Inches 

in Inches 


A 


5 

J 

r ■' 

4 

0.262 

' 0.076 

0. 109 

0,078 

0.020 


0.242 

0.056 

0 . log 

0.068 

0.016 

. S 

0.291 

0.082 

0- 140 

o.ns 

0.020 


0.271 

0,062 

0.130 

0.105 

0.016 

6 

0.326 

0.092 

0.150 

0.120 

0.020 


0,306 

0.072 

0.140 

0. 110 

0,016 

$ 

1 0.38s. 

0.108 

0.170 

o.iis 

0.027 


0.36s 

0 . 088 

0 . 160 

0. los 

0,023 

10 

0.448 

0. 124 

0.184 

0.131 

0.027 


0.428 

0. 104 

0.174 

0.121 

0.023 

12 

0.510 

0.140 

0.24s 

O.ISS 

0.032 


0.490 

0. 120 

0.23s 

0.14s 

0.028 

i 

O.S 73 

O.ISS ' 

0 . 260 

0,170 

0.032 


O.SS 3 i 

0.135 

0.250 

0 . 160 

0.028 

A 

0.698 

0. 186 

0.349 

0.234 

0.04s 


0.678 * 

0.166 

0.339 

0.224 

0.041 

1 

0.823 

0.218 

0.370 

0 . 260 

0.04s 


0.803 

0 . 198 

0.360 

0.256 

0.041 


0.947 

0.249 

0,411 

0.297 

0.04s 


0.927 

0.229 

0.401 

0.287 

0.041 


1.072 

0.280 

0.441 

0.328 

0.045 


I.OS 2 

0.260 

0.431 

0.318 

0.041 
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Table 14. — Head Dimensions — Binding-Head Machine Screws 
American Phillips 


Size 

Head 
Diameter, 
in Inches 

A 

; Head 
Height, 
in Inches 

H 

Recess 
Spread, 
in Inches 

S 

Recess 
Depth, 
in Inches 

J 

Wing 
Thickness, 
in Inches 

T 

2 

0.176 

0.065 

[ O.IOI 

0.071 

0.020 


0. 164 

o.oss 

0.091 

0.061 

0.016 

3 

0.201 

0.074 

I 0.108 

0.080 

. 0.020 ■ 


0. 189 

0 . 064 

i 0.098 

0.070 

0. 016 

4 

0.227 

0.083 

0.119 

0.090 

0.020 


0.21S 

0.073 

0.109 

0,08a 

0.016 

S 

0.20s 

0.091 

i 0. XSS 

0,103 

. 0.027, ' 


0.238 

o.o 8 i 

0.14s 

0.093 

0.023 

6 

0.273 

0.099 

0. 163 

0. Ill 

1 ■ 0.027,' 


0.257 

0 . 089 

0.153 

0. lOI 

0.023, 

8 

0.321 

o.iis 

1 0.179 

0. 129 

, 0 . 027 ' 


0.301 

o.ios 

0. 169 

0. 119 

0.023 

TO 

0.374 

0.133 

0. 196 

0.147 

0,027 


0.354 

0. 123 

0. 186 

0. 137 

0.023 

12 

0.424 

0.151 

0.256 

0.173 

0.032 


0.404 

0.141 

0 . 246 

0.163 

0,028 

i 

0.484 

0. 172 

0.278 

0.192 

0.032 


0.464 

0.162 

0.268 

0. 182 

0.028 

A 

0 . 62s 

0.200 

0.347 

0.227 

0.04s 


0.60s 

0 . 190 

0.337 

0.217 

0.041 

1 

o. 74 » 

0.239 

0 . 390 

0,266 

■ 0.04s 
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Table 15.— “PIead Dimensions^ — Washer-PIead Machine Screws 
American Phillips ' ^ 




Washer 

Diam- 

Height 

Height 

Total i 
Height 

i 

Recess 

Recess 

Wing 

Size 

IDi&ni” 

eter, 

eter 

of Oval, 

of 

Washer, 

of 

Oval, 

in 

of 

Head, 

Spread, 

in 

Depth, 

in 

Thick- 
ness, in 


j 

in 

Inches 

in 

Inches 

in 

Inches 

Inches 

in 

Inches 

Inches 

Inches 

Inches 


i 


A 


B 


II 


F 

_F 

+ H 


S 


J 


T 

. s 


0 . 

SOI 

0 

.144 

0 

.018 

0 

.044 

0 

.062 

0 

.092 

0, 

.071 

0 

.016 



0 

I8s 

0 

. 128 

0 

.012 

0 

• 039 

0 

.051 

0 

. 102 

0, 

.081 

0 

.020 

3 


0. 

231 

0, 

. 165 

0 

.020 

0 

.050 

0 

.070 

0 

. 100 

0, 

.079 

0 

.016 



0, 

213 

0, 

.147 

0 

.014 

0 

.046 

0 

.060 

0, 

. 110 

0, 

,089 

0 

.020 

4 


0, 

261 

! 0, 

.186 

0 

.023 

0 

.057 

0 

. 080 

0 

.109 

0 

.088 

0 

.016 



0, 

243 

0 

.168 

0 

.017 

i 0 

.051 

0 

.068 

0, 

.119 

0, 

,098 

0 

,020 

S 


0, 

291 

0 

. 208 

0 

.025 

0 

.063 

0 

.088 

0 

.132 

0. 

.087 

0 

.023 



0, 

271 

0 

. 188 

0 

.019 

0 

.057 

0 

.076 

0 

.142 

0, 

.097 

0 

.027 

6 


0, 

321 

0, 

. 228 

0 

.027 

0 

,069 

0 

. 096 

0 

.148 

0, 

.103 

0 

.023 



0, 

301 

0, 

,208 

0 

.021 

0. 

.063 

0 

.084 

0 

.138 

0, 

.093 

0 

.027 

: 8 


0. 

370 

0 

, 270 

0 

.032 

0 

. oSi 

0 

.113 

0 

. 164 

0, 

.119 

0 

.023 



0, 

3 S 8 

0, 

.248 

0 

.026 

0 

■ 075 

0 

.101 

0 

.154 

0. 

. 109 

0 

.027 

10 


' 0, 

439 

0, 

.312 

0 

.036 

0 

.094 

0 

.130 

0 

. 170 

0. 

.137 

0 

.027 



i 0. 

41S 

0, 

,288 

0 

.030 

0, 

.088 

0 

.118 

0 

. 180 

0. 

,127 

0 

.023 

12 


1 0. 

499 

0, 

.354 

0, 

.041 

0 

. 106 

0 

.147 

0, 

.235 

0. 

,160 

0. 

.032 



' 0. 

473 

0, 

.338 

0, 

.03s 

0, 

. 100 

0 

.135 

0 

.225 

0. 

, ISO 

0, 

, 028 


0. 

S 77 

0, 

,410 

0, 

.048 

0, 

■ 123 

1- 0, 

.171 

0 

.251 

i 0. 

, 176 

0, 

.032 



0. 

548 

O'. 

.380 

0, 

. 040 

0, 

. n6 

0 

.156 

0, 

.241 

0. 

,166 

0, 

, 028 

A 

0. 

721 

0. 

..511 

0. 

,060 

0. 

. 153 

0. 

,213 

0, 

295 

0. 

224 

' 0. 

032 



0. 

687 

0, 

.477 

0, 

.051 

0, 

. 145 

0, 

, 196 

0. 

.285 

0. 

2 14 

0. 

,028 


■I 

0. 

864 

0., 

,612 

0, 

, 07 1 

0, 

, 183 

0, 

.254 

0, 

• 351 

! 0, 

.251 

0, 

,04s 



0, 

826 

0, 

. 574 

0. 

,061 

0. 

. 175 

0. 

.236 

0 

,341 

0. 

241 

o, 

,041 


A 

I . 

006 

0. 

,.712 

0, 

.082, 

0, 

.212 

0, 

.294 

0, 

.309 

1 '0. 

.266 

' 0, 

,04s 


1 

0. 

994 

0, 

, 670 

0. 

,072 

0, 

. 204 

0, 

.276 

0 

359 

0, 

,256 

0. 

041 


I, 

149 

0. 


0, 

. 094 

0, 

.«43 

0, 

.337 

0, 

,386 

0. 

/.281 ■ 

0. 

04s 



1. 

101 

0, 

.766 

0, 

.082 

0, 

.233 

0, 

.315 

0, 

.376 

! 0, 

, 271 

0. 

041 
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Tap-End Stud BolU 
<■ * L ---H 




:»! <■ > U-c 

,4<s>k- 


Dimensions 

D «=> nominal size or diameter of stud bolt. 

L <“ length of stud bolt over all. 

tap end »* I) -f ^ inch, and is measured from the 
end of the s'^d to the end of the imperfect thread. 

r portion or shoulder «» D, except for stud bolts 

shorter than 4i>^+ I mch (see following note). ® 

* length of thread on nut end - I - -f S) with a minimum of 
2D + } inch and is measured from the end of the stud to the end of the 
imperfect thread, 

Where X is less than 4P + f inch, which equals A + S + B (minimuml 
the shcmlder length S may be decreased or diminated entirely in order to 
retain B at its minimum length of 2D + i inch. 

For very short studs, where the shoulder has been eliminated, B may be 
&n1th, S'"? Ifnfh^ ’ required, but A should be reteined at its 

TOiere L is greater than 4B + f inch, B shall equal L - (A + S), or, in 

^ tap-end thread- 

ing (A « B + f), and S, the shoulder length {S » D). 

U tr»« threads and shall not exceed 2§ threads. 

Jr -points shall be chamfered on tap end, and round point on nut end. 

Threads 

Nut-end threads shall be American Standard. 

• shall be American Standard form with wrench- 

tight fit. 

Recommended Order for Specifying Dimensions 

To avoid possible misunderstanding when specifying dimensions 
of tap-end stud bolts, it is recommended that they be given in the 
following order: 

a. For standard tap-end stud bolts— D X T. 

5. For special tap-end stud bolts — D X I X A X B. 

» Adopted by American Institute of Bolt, Nut, and Rivet Manufacturers 
April, ipSS’ * 
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Double-End Stud Bolt 
(Rod) 


——L > 

-Jt 

lilliilllililiHiiilliill 

D 

C'J <■ -A kc 
<-— 3 , '->4<-s 



Dimensions 

D »“ nominal size or diameter of stud bolt. 

L «» length of stud bolt over all. 

B « length of thread, both ends, » zD -f i inch, and is measured from 
the end of the stud to the end of the imperfect thread. 

S «* length of unthreaded portion or shoulder « I, — (4D + i inch) and 
will vary with the length L. 

C » lenpth of imperfect threads and shall not exceed a j threads. 

“ F "-points on both ends shall be round. 

Threads 

The threads on, both ends shall be A Aierican Standard. 

Recommended Order FOR Specifying Dimensions 

a. For standard double-end stud bolts—D X X. 

b. For special double-end stud bolts—D X X X X. 
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Hanger Bolts 

Hanger Bolts— Plain or Ribbed Shoulder 
(In Inches) 



D 

X 

B 

T 

'5' 

R 

Nominal 
Diameter 
of Bolt 

Over-all 
Length 
of Bolt 

Bolt 

Thread* 

Length 

Lag 

Threadt 

Length 

Length of 
Shoulder 
Ribbed 
or Plain 

Length! 
of Ribs 

i inch to J j 
inch inclu- j 
sive 

' i 

2 to 2I 

2| to 3 

3i to 3i 

4 to 4i 

5 to si 

6 to 6| 
Above 6i 

1 

Lag end of 
bolt shall be 
threaded 
from end to 
shoulder 
(see Note). 

1 

. I ' 

: If . 

i 


* American Standard coarse-tliread series — threaded to shoulder, 
t Form of lag thread shall be in accordance with page 702. 
t On the ribbed-shoulder type, the length of ribs R is included in the 
length of shoulder, 

Continuotis-Thread Stud Bolt 


(Flange Stud) 



Dimensions 


D *» nominal size or diameter of stud bolt. 

L — length of stud bolt over all, 

*‘F*'-Points on both ends shall be chamfered. 

Threads 

The threads shall be American Standard and continuous from end 
to end. 

Recommended Order for Specifying Dimensions 
To avoid possible misunderstanding when specifying dimensions 
of continuous-thread stud bolts, it is recommended that they be 
given in the following order — D X L. 
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STAICDARB SIZES OF WWBNCH HEAD BOLTS AND NUTS 
Airo WEENCH OPENINGS 

Proposed by the A.S.A., A.S.M.E., and S.A.E,, May, 1930. 

These standards are intended for general use by all industries to 
! replace the various existing standiirds now in use. 

I These tables are believed to be acceptable to various industries 
[ and will cause little disturbance of present practice. Wherever 
! possil.)le, tlie U. S. standard sizes of bolt heads and nuts have been 
; reduced to some existing shop standard after giving consideration 
to theoretical analysis of stresses in bolts and nuts and making tests 
of samples. Deviations from theoretical sizes have been made in 
order to keep the number of wrench openings small and to conform 
to manufacturing processes. The greatest possible tolerances have 
been allowed but will usually be much less in practice, 

I Tiie number of wrench openings required have been reduced 
I through simplication of outside dimensioris of bolt heads and nuts 
i and elimination of sizes little used. This has caused deviations 
i from results calculated hy^ formulas for sizes of bolt heads and nuts 
j due to eliminating the thirty-seconds from all sizes, 
i The sizes of hoU heads and nuts are intended to supersede all existing 
i standards which have grown up for commercial standard holt heads 
j mid nuts. 

I It will be noted that the maximum sizes of both finished and 
rough products are the same, so that wrenches are applicable inter- 
I changeably to either class of bolt head or nut. In all cases the 
nominal or basic widths across flats of bolt heads and nuts have been 
taken as maxinmm sizes, and the tolerances on bolt heads and nuts 
i are minus only. ■ . ' ■ . " 

The minimtm wrench openings provide a positive clearance 
between maximum nut and minimum wrench and the tolerances 
on wre 7 ick openings are plus only. This insures a fit of the wrench 
to the bolt head and nut. The tolerance allowed the wrench 
manufacturer has been made as great as is possible without causing 
the deformation of the corners of bolt heads or nuts. The number 
0! wrench openings is reduced. 
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Table ':i8.-.-Dimensi.ons' OP Regular Heads 

Semifinished, Hexagon. Ail Dimensions in Inches 


Nominal Size 
or Basic Major 
Diameter of 
Thread 

Width across Flats 

Width 

across 

Corners 

Height 

Maximum 

(Basic) 

Mini- 

mum 

Mini- 

mum 

Nomi- 

nal 

Maxi- 

mum 

Mini- 

mum 

1 

0 

01 

0 

0 

?■ 

0.3750 

0.362 

0.413 

A 

0.172 

0.140 

■h 

O'. 31 25 


0 . 5000 

0.484 

0.552 

A 

0.205 

O.171 

1 

0.3750 

.A. 

0,5625 

0.544 

0.620 

a 

0.252 

0.216 


0 - 437 S 

1 

0.6250 

0.603 

0.687 


0.300 

0.262 

i 

0 . 5000 i 

i 

0.7500 

0.72s 

i 0.826 

li 

0.317 

0.277 


0.5625 : 

i 

0.8750 

0.847 

0.966 


0.36s 

0.323 

1 

0.6250 

il 

0 - 937 S 

0 . 906 

1.033 

M 

0.413 

0.369 

-1 

0.7500 


1,1250 

1 ,088 

1 . 240 

s 

0.493 

0-445 

1 

0.8730 


I. 3125 

1 . 269 

1.447 


0.589 

0.536 

I 

I .0000 

4 

1.5000 

1.450 

J- 6 S 3 

s 

0.622 

0.566 

li 

1,1250 

iH: 

1.687s 

1.631 

1.859 

li 

0.718 

0.658 

li 

I . 2500 

i| 

1.8750 

1.812 

2 . 066 

it 

0.813 

0.749 

if 

1 - 37 SO 


2.0625 

1.994 

2.273 


0.878 

0.810 

ll 

I . 5000 


2 . 2500 

2.175 

2.480 

ft 

0.974 

0.902 

, 'if. 

I .6250 

2|V 

2-4375 

2.356 

2.686 

I A 

1 . 069 

0.993 

■I'i 

I . 7500 

2I 

2.6250 

2 - 533 

2.893 


1. 134 

1.054 


1.8750 

4 i 

2.81.25 

2.719 

3.100 


1.230 

1.146 

2 

2 , 0000 


3.0000 

2.900 

3.306 


1 . 263 

1.17s 

2i 

2,2500 

3 | 

3-3750 

3.262 

3.719 

if 

1.423 

1*327 

2i 

2 . 5000 

3 f 

3.7500 

3.62s 

4.133 


X.583 

1.479 

2'| 

2.7500 

4I 

4.1250 

3.988 

4.546 

i 4 

1 . 744 

1.632 

3 ' 

3 . 0000 

4I 

4.5000 

4.350 

4-959 

If 

1*935 

1.815 


A.S.A, Standard, March, 1940. 

Regular bolt heads are for general use. 

Semifimshed bolt heads are finished under head. 

Taper of the bolt heads (angle between one side and the axis) shall not 
exceed 2 degrees, the specified width across fiats being the largest dimension. 

Top of bolt heads shall be flat and chamfered: angle of chamfer with top 
surface shall be 30 degrees; diameter of top circle shall be the maximum width 
across flats, within a tolerance of minus 15 per cent. 

Bearing surface shall be plain or washer faced. The thickness of the 
washer face shall be A inch included in the head height and diameter of the 
washer face shall be the maximum width across fiats within a tolerance of 
minus"§' per cent. 

Beanng surface shall be at right angles to the axis of the body of the bolt 
within a tolerance of 2 degrees for i-inch bolts, or smaller, and 1 degree for 
bolts larger than i inch and concentric with the axis of the body within a 
tolerance of 3 per cent of the maximum width across flats. 

Maximum radius under head of bolt for sizes i to 4 inch shall be for 
sizes A to I inch shall be for sizes li to 2 inches shall be ij for sizes 24 to 
3 inches shall be A* 

Finished regular bolt heads when specified shall Be made to the dimen- 
sions and tolerances given for the seminnished proauczt degree and character 
of finish to be' specified in' each case'. ' 


t 
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Tabie. i9.“-Fikishei>,, Hexagohal.-Caf Screw "'Heads 
(All Dimensions in Inches. D - Diameter of Bolts) 


Diameter 
of Screw 

D 

Width across 

Flats 

Mini- 

mum 

Width 

across 

Comers 


Height 


Maximum 

Mini- 

mum 

Nomi- 

nal 

1 

i Maxi- 
1 ' ' mum 

! 

Mini-,'' 

mum 

i 

1 

0.2500 ’ 

A 

0.437 s 

0.428 

0.488 

ff 

; 0, 194 

i '' 

j O .181 

A 

0.3125 

1 

0.5000 

0.489 

O.SS7 


0 . 242 

0 .' 22,7 

1 

0.3750 

A 

0.5625 

o-SSi 

0,628 


0.289 

0.273 

A 

0.4375 

1 

0.6250 

0.612 

0.698 

tt 

0.337 

0.319 

i 

0.5000 

f. 

0.7500 

0.737 

0 

00 

d 

t 

0.385 

0.365 

A 

0.5625 

¥ 

0.81251 

0 . 798 

0.910 

ff 

0.433 

0,411 


0,6250 

1 

0.8750 

0.860 

0.980 

if 

0.481 

0.457 


0.7500 

X 

I . 0000 

0.983 

1. 121 

A 

0.576 

O.S49 

i 

0.8750 


X.I 250 

I . 106 

1.261 

p 

0.672 

0.641 

X 

1,0000 


I. 3125 

I . 292 

X .473 

1 

0.768 

o»733 

li 

1. 1250 


1.5000 

1.477 

1.684 


0.863 

0.824 

xi 

1.2500 


I . 6875 

1.663 

1.896 

ii 

0.959 

0.916 


Formulas 


Widtii across flats of cap screw heads shall be as follows: 


Diameter of Bolt 

Wit 



Width across Flats 
D + A 
D + I 

2 1 3* 

D + I 
D+ A 


Tolerance for width across flats shall be minus o.oi s plus 0.006. 

Height of heads shall be | 

Tolerance for height of heads shall be 0.030 D -b 0.00s. 

Minimum width across rounded corners of hexagon equals 1,14 times 
minimum width across flats. 

The finished top shall be flat and chamfered, angle of chamfer with top 
surface 30 degre<js, diameter of top flat circle shall be too per cent of the 
nominal width across flats. 

Tolerance in diameter of top flat circle shall be minus is per cent. 

Cap screw heads shall be at right angles to the body within 2 degrees and 
concentric with the body within a tolerance of 3 per cent of the distance 
across the flats. / 

Ail cap screws shall be washer faced. The height of the head shall be the 
distance from top of head to bearing surface. The thickness of washer 
face shall be ^ inch. The bearing surface of washer face shall be 100 per 
cent of the nominal width across flats. 

Tolerance in diameter of circle of washer face shall be plus or minus 
5 per cent. 
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.Table'; 20,— Sex Screw Heads—Sqbare" 

(All Dimensicms In Inches. D = .Diameter of Bolts) 


■ Diameter 
. of Screw , 

' D 

Width, across Plats . 

Height 

Maximum 

Mini- 

mum 

Nomi- 

nal 

Maxi- 

mum 

Mini- 
mum ' 

i 

,.0.2500 

1 

0.2500 

0.241 


0.197 

0.179 

■ ■ jfif 

0.3125 

A’ 

0.312s 

0.302 

il 

0.245 

0.224 

i 

0.3750 

t 

0.3750 

0.362 


0.293 

0. 270 

' * 

0-437S 


0*4375 

0.423 

a 

0.341 

0.315 

4 

0.5000 

1 

0 . 5000 

0.484 i 

I 

0.389 

0.361 

* 

0.5625 ■! 

A 

0.5625 

0*545 

u 

0.437 

0.407 

1 

0.6250 

f 

0.6250 

0 . 607 

n 

0.485 

0.452 

I 

0.7500 

1 

0.7500 I 

0.729 


0.582 ; 

O.S44 

i 

0.8750 

i 

0.8750 

0,852 

a 

0.678 

0.63s 

1 

I .0000 

I 

I. 0000 

0.974 

■ 1 ■ ■■ 

0.774 

0,726 

li 

,1.1250 


1, 1250 

1.097 

M 

0.870 

0.817 

li 

I .2500 


I , 2500 

1.219 


0.967 

0.909 


I . 5000 

ij 

I . $000 

i.464 

i| 

I. 159 

1. 091 


Formulas 

Width across fiats of set screw heads shall be equal to diameter ot 
screw (D). 

Tolerance for width across fiats shall be minus 0.020 B + 0.006 (except 
for land ’Ar). 

Height of set screw heads shall be f Z>. 

Width of neck under head to be not over 2 times the pitch of the thread. 

The radius of the crown of the head is to be aj Z>. 

When head is not necked, it must be beveled not more than 40 degrees 
under the head. 

Minimum width across rounded corners of square equals 1. 373 times 
nunimum width across flats. 


- L 










674 BOLTS, NUTS, AND SCREWS 

Tabu: 21.— Dimensions of Regular Nitts and Regular Tam 


■ Nuts *' 

Unfinished, Square tod fagon ‘(Jam Nuts. Hexagonal Only) 
All Dimensions m 


Nominal 
Size or 
Basic Majo 
Diameter 
of Thread 


Width across Thickne.ss Regular 

Flats Nuts 

r — — 

M^^imum Mini- Nomi* 
(Basic) mum nal 

• Maxi- Mini- : 
mum mum 

^ A 0-4375 0 425 A 
> A 0 . 56250.547 li 

0 . 2350.203 
0.283 0.249 

> f 0 . 62500.606 IJ- 
» 1 0 . 75000.728 1 

> 0 . 81250.788 

; 1 0 , 87500.847 1 

> I 1 . 00000.969 ii* 

0 . 3460.310 

0 - 3940.356 

0 . 4580.418 

0 . 5210.479 

0 . 5690.525 

' i| 1 . 12501.088 u 
^ lA 1 . 312 s 1.269 11 
* If 1 . 50001.450 f 
Ip 1 . 6875 1.631 I 

It 1 . 87501.812 

0 . 680 0.632 
0.792 0.740 
0 . 9030.847 
1 . 0300.970 
1 . 1261.062 

2 A 2 . 06251.994 ill 
2 ? 2 . 25002 . 1751 /^- 
2 A 2 . 43752.356 iff 
2 | 2 . 62502 . 53 a iii- 
211 2 . 81252.719 i||- 

1.237 1.169 
1.348 1.276 
1.460 1 .384 

1 . 5711.491 

1 - 6831.599 : 

3 3 . 00002.900 if 

3 | 3 . 37503.262 ifl 
3 f 3 . 75003 . 62 s 2 A 
4 i 4 - 12503-988 2 M 
4 f 4 . 50004.350 21 

1 . 7941.706 : 
2 . 0171.921 : 
2.240 2.136 ' ] 
2 . 46 , 22.350 ] 
2 . 6852.565 ] 


Jam Nuts 


mum mum 


#2- OvI72,0,I40' ' 
1% 0 . 204 0 . 1 70 

A 0.237 0.201, ■■ 

i; 0 . 269 O. 23 T' 
Tf , O.3320.292"" 
ft 0.3650.323 
t ^*3970.353 

A 0.4620.414 
f 0.5260,474 

fs °-S9°o-S34 
f °- 6 sso.S 9 s 

I 0.7820.718 

M 0.846 0.778 
0.839 
ti 0.9760.900 
I 1.0400.960 
I A 1. 1 04 1.020 

I'i 1.1691.081',' 
ti 1.298 „i. 202 
if '1.5521,448 
if 1.681 1.569 
li ' ' 1 . 810 T. 690'. 


wL<*ixuttiu, marcn, 1040. 

Kegular nuts are for general use. 

surface shall be 25 degree fo?sa?arA nn5 f chamfer with the top 

the top circle shall be tlie hexagon; diameter o 1 

minus 15 per cent! i^aximum width across fiats withfn a tolerance of 

within”rto!erariSS 3 ^<&grees”&r*/^hVuts^^® axis of the threaded hole 
nuts lai^er than l inch. ® ^ nuts or smailer and 2 degrees for 
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TAB1J^ 22"J:>IMENSI0NS QF 'REGUX.AIt NXTTS AK0 ReGULAE ■. JaM 

Nxjts 

Semifmisbed, Hexagon. All Dimensions in Inches 


Nominal Size or 

Width 

across 

Corners 

1 ■ 

Thickness Regular Nuts 

Thickness Regular 
Jam Nuts 

Bas 

1C Major 







. '■ Dia 

meter of 








1 bread 

Mini- 

!' Nomi- 

Maxi- 

Mini- 

Nomi- 

Maxi- 

Mini- 



mum 

nal 

mum 

mum 

nal 

mum 

mum 

i 

0.2500 

1 0.485 


i 

0.219 

0.187 

-h 

0.157 

0.125 

5 . 

0.3x25 

0.624 

i 

0.267 

0 , 233 

fi 

0,189 

O.ISS 


0.3750 

0.691 

5 

T'€ 

0.330 

0 . 294 

fi 

0.221 

0.185 

i6 

0.4375 

0.830 

fi 

0-378 

0.340 

if 

0.253 

0.215 

■ 1 

0.5000 

0.898 

.p 

0.442 

0.402 

fi 

0.317 

0. 277 


0.5625 

0 . 966 


6.505 

0.463 

ii 

0.349 

0.307 

5 

0.6250 

1 .104 

1*1 

0.553 

0.509 

|j 

0.381 

0.337 


0.7506 

1.240 

n 

1 0.665 

0.617 

If 

0.446 

0.398 

•I 

0.8750 

1.447 

i 

0.776 

0.724 

0.510 

0.458 

1; 

I . 0000 

I -633 

# 

0.887 

0.831 

n 

0-575 

0.519 

ill- 

I . 1250 

1.859 

ll 

i 0.999 

0.939 

ft 

0.639 

0.579 

I4 

I . 2500 

2 .066 

iiV 

1.094 

1.030 


0.751 

0.687 

I'l 

I- 37 SO 

2.273 


1.206 

1.138 

M 

0.815 

0.747 

iS 

I . 5000 

2.480 


I. 317 

1.24s 

n 

0. 880 

0.808 


1.6250 

2,686 

i|i 

1 1-429 

X. 3 S 3 

If 

0.944 

0.868 

ll 

I . 7500 

2.893 

li 

1 I -540 

1.460 

If 

1.009 

0.929 

ri 

1.8750 

2 . 100 

iH 

1.651 

1.567 


1.073 

0.989 

2 

2 . 0000 

3-306 

x|i 

1 

1.675 


1.138 

1.050 

2i 

2.2500 

3-719! 

ifi 

1,970! 

1.874 

xfi 

1.251 

X‘XS 5 


2 , 5000 

4 -i 33 i 

2* 

2.193 

2.089 


X.5OS 

1 .401 

2 l 

2 . 7500 

4-546^ 

2f| 

2.4x5 

2.303 

iJI 

1.634 

1.522 

3 

3 . 0000 

4-9591 

2II 

2.6381 

2.5181 

xfi 

1.763 

1.643 


A.S.A. Standard, March, 1940. 

Width across flats same as in Table 21. 

Regular nuts are for general use. 

Semifinished nuts are finished on bearing surface and threaded. 

Taper of the sides of nuts (angle between one side and the axis) shall not 
exceed 2 degrees, the specified width across flats being the largest dimension. 

Tops of nuts shall be flat and chamfered; angle of chamfer with the top 
surface shall be 30 degrees; diameter of top circle shall be the maximum 
width across flats withm a tolerance of minus is per cent. 

Bearing surface shall be washer faced or with chamfered corners. Thick- 
ness of the washer face shall be it inch included in the nut thickness; and 
diameter of washer face shall be the maximum width across flats within a 
tolerance of minus s per cent. 

Bearing surface shall be at right angles to the axis of the threaded hole 
within a tolerance of 2 degrees for i-inch nuts or smaller and i degree for 
nutsdarger than . I inch. . , " : ' 

Finished regular nuts when specified shall be made to the dimensions given 
for the semifinished product; degree and character of finish to he specified 
in each case.' 
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?? Heavy Nuts AND Heavy Tam Ntm 
Unfinished, Square and Hexagon (Jam Nuts, Hexagohal OnW 

All Dimensions in Indies 


Size or 
Basic Major 
Diameter of 
Thread 


Width across Flats 

Thickness Heavy 
Nuts 

Thiel 

h 

Maximum Mini- 
(Basic) mum 

Nomi- 

nal 

Maxi- Mini- 
mum mum 

Nomi- 

nal 

i 

0.5000 0 

488 

i 

0 

266 0 

234 



0-5938 0 

578 

A 

0 

3300 

296 


xi 

0.6875 0 

669 

1 

0 

393 0 

357 

1 

li 

0.7812 0 

759 


0 

4560 

418 

A 

i 

0.8750 0 

850 

i 

0 

5200 

480 

A 


0.937s 0 

909 

fir 

0 

5840 

542 


I* 

1.0625 r 

031 

I 

0 

6470 

603 

r 


1,2500 X 

2X2 

i 

0 

7740 

726 


I* 

I- 437 S I 

394 

i 

0 

901 0 

849 

i 

If 

1.6250 I 

575 

1 

I 

0 

00 

0 

972 

■ A 

ill 

1.8125 I 

756 

ij 

I 

155 I 

095 

¥ . 

2 

2.0000 I 

938 

li 

I 

282 I 

2x8 

i . 

"P 

2.187s 2 

119 

if 

I 

409 I 

341 

if ' 

2| 

2.3750 2 

300 

l| 

I 

536 1 

464 

i < 

2^ 

2.562s 2 

481 

if 

X 

663 I 

587 

if ' 

2-i 

2,7500 2 

662 

if 

I 

790 I 

710 

I 


2.9375 2 

844 

if 

I 

917 I 

833 


3 i 

3-1250 3. 

02s 

2 

2 

044 X 

956 

li 

3 f 

3.5000 3 . 

388 

2i 

2 

298 2 

202 

'l| ' 

3 i 

3-87503. 

750 

2I 

2 

552 2 

448 

li 

4 | 

4.25004. 

XI2 

2f 

2 

806 2 

694 

if " 

if 

4.62504. 

475 

3 

3 

060 2 

940 

li 


5.0000 4 . 

838 

3 i 

3 

314 3 

186 

i| 

si 

si 

5.37505- 

200 


3 

5683 

432 

2 ' 

5.75005. 

562 

3 i 

3 

822 3 

678 

2I . 

5 i 

6.12505. 

925 

4 

4 

0763. 

924 

>i , : 


iTCa 

Jam Nuts 


(.204 o. 172 
’•■236 0 : 202 ' 

' . 268 O', 

».3<X3 0.262'' 

'•3320, '292' 
■•3650,323^ 
^•3970.353, 

-.•462 0 . 414 : 
. 52 ^ 0.474 
.5900.534 
•6'SSo.S9S" 

• 782 0.718 

.846 0.778 
.911 O'. 839. 
. 9760.900 
.040 o:. 96 o' ■' 
.,104 ‘I,. 020 ' 

.169 x .o 8 r 
. 298 '! .202 
.552 r'.448"^ 
.681 1.569 
. 8101 . 690 . 

.939 I'. 81 1 ',' 
■.o58' I'. 93 2 ,; 
.197 2 '.:os 3 :' 
,326 2. ,174 


AVAttiyil, i.y 4 a, 

®' A® greater bearing surface is necessarv 

are not finished on any surface but are threaded^* 

(angle between one side and the axis) shall not 
ex^d 2 degrees, the specified width across flats being the West dimemi^^^ 
Tops of nuts shall be flat and chamfered or (Slept 
<^ojned For flat and chamfered nuts the angle SlmS S^the Inn 
nf tfef + * ^ square and 30 degrees for hexagon* diameter 

maximum width across flats within a tolwance^of 

shall be at right angles to the axis of the threaded hole 
nute{l^?tSS“inci. ^ degrees for 


ppp— 

MACHINK-SCREW AND STOVE-BOLT NUTS 677 


Taiilk 24,— Hexagonal and Square Machine-Screw Nuts and 
Stove-Bolt Nuts 

(AIl Dimensions in Inches. D = Diameter of Bolts) 


1 

Diameter 
, of Screw ! 

D : ■; 

Width across Flats 

Width 

across 

Comers 

of 

Hexa- 

gon 

Thickness 

Maximum 

Mini- 

mum 

Mini- 

mum 

i 

1 

Nomi- 

nal 

Maxi- 

mum 

Mini- 

mum 

No, 

0 

0.0600 

! 

■h 

0. 1562 

0. 150 

0. 171 

A 

0.050 

0.043 

No. 

I 

0.0730 


0. 1562 

0. 150 

0. 171 

A 

0.050 

0.043 

No. 

2 

0.0860 

A 

0.187s 

0. 180 

0.205 

A 

0.066 

O.OS 7 

No. 

3 

0.0990 

I A 

0. 1874 

0.180 

0. 20$ 

A 

, 0.066 

0.057 

No. 

4 

0. 1120 

i 

0, 2500 

0.241 

0.275 

A 

, 0.098 

0.087 

No. 

■s 

0. 1250 


0.3125 

0.302 

0.344 

A 

0. 114 

0. 102 

No. 

6 

0, 1380 

A 

0.3125 

0.302 

0.344 

A 

0. 114 

0. 102 

No. 

8 

0. 1640 

ii 

0.3437 

0.332 

0.378 

i 

0.130 

0.117 

No, 

10 

0. 1900 

' 1 

0.3750 

0.362 

0.413 

i 

0.130; 

0. 117 

No, 12 

0. 2160 

' A 

0.4375 

0.423 

0.482 

A 

0. 161 

0. 148 


i 

0. 2500 

i 

0.437s 

0.423 

00 

6 

A 

0.193 

0.178 


p 

0.3125 

i A 

0.5625 

0.S4S 

0.621 

A 

1 0.225 

, 0.208 


1 

0.3750 

f 

0.6250 

0.607 

0.692 

i 

0.257 

0.239 


Formulas 

Width across flats of machine screw and stove-bolt nuts shall be as follows: 
diameter of screw i to | inch; width across flats »» ij P + ■Ar inch, with 
adjustments in the 'nVinch sizes to eliminate ife-incb-size wrench openings. 

Minimum width across rounded corners of square equals 1.373 times 
minimum width across flats; of hexagon I. X4 times minimum. 
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corr^ponding bolt head or nut. , . « i. 

Allowance (minimum dearanee) between maximum width across flats or nut or bolt head and jaws of wrench equals (i.oosTy + 
0 . 00 1 ). Tolerance on wrench opening equals plus (o.oosPF’ + 0 . 004 ) from minimum IW = nominal size of wrench). 


Table 26. Light Castle Nuts, Semifuushed Hexagon^ 
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. ; :SC1EWS, BOLTS, AND' HUTS ' , , , 

Hationai Tine (S. E,) Standard 

The length of the effective thread of screws and bolts shall be: 
i| diameter 4* i inch. As bolts and screws conforming to these 
specifications are primarily intended for use with nuts, the oval end 
is not included in the nominal length, 
i All heads and nuts shall be semifinished. All screws and nuts 
, shall be made of steel. 

S.A.E. Standard bolts without slots or cotter-pin holes are made 
i for stock. If slots, cotter-pin holes or case hardening are desired, 
j these should be specified by the purchaser. 


TABtE 27 . — ^Machine Screws 
American Screw Company, Standard Threads per Inch 


, No.' 

2 

3 

4 

S 

6 

7 

8 

9 

10 

X2 

Threads 
per Inch 

48 : 

64 1 

48 

56 

32, 32 
36, 36 
40, 40 

30 

32 

36 

30 

32 

30 

32 

3 fi 

24, 24 

30; 30 
32,32 

20 

24 

No. •: 

14 

16 

18 

20 

1 ■ ' ■- 

1 

22 

24 

26 

28 

30 

Threads per 
Inch, ' ■ 

18 

20 

24 

16, 16 
18, 18 
20, 20 

16, 16 
18, 18 

14 

16 

18 

14,16 


Boldface indicates threads used the most. 
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Table 28. Screw, Bow, and Nut Dimensions — Fine Thsead 
(All Dimensions in Inches) ” 


o U' !!• G> ff / j K. i 


ii 

H M 


A A 

ii « i 

if k A 


[ A A I 

18 M li J- 

^8 fi 11 ll 
16 I f If l A 
H M II li 

*4 I • I I A 
12 lA H if 

12 iM iM 2 
12 l| I A 2A 


CTr*% UUliFa^ UQlU i 

* Width of slots in nuts* 
Cotter-piu diameter. 


# 

A 

ft 

ft 

A A 


iL 

if 

ft 

A A 

i 

i 

ft 

i 

A A 

i 

1 


i 

A A 

A 

1 

a 

8 


ft ft 

A 

ft 

If 

f 

A i 

i 

A 

M 

i 

ft' i 

1 

,ft- 

ft 

i 

A f 


ft“ 

II 

1 

A i 

i 

ft 

I- 

J 

A I 

A 

ft 

P 

ft 

A if 

ft 

ft 

It 

ft 

A If 

1 

i 

^ft 

i 

A H 

I 

i- 

li 

i 

Ad 



Flat fbint Ovalfbfni* ConePdint Full Dog Point Half Dog Pbint 
Fluted Head Setscrews 


Table 29. — Dimensions of Fluted Socket Setscrews^ 


Number 

Socket Diameter 
Minor, J 

Socket Diameter 
Major, M 

Socket Land 
Width, N 


Max. 

Min. 

Max, 

Min. 

Max. 

Min. 

4. 

0 -OS 3 

0.052 

0.071 

0.070 

0.022 

0.021 

4 

0,056 

0 - 05 S 

0.079 

0.078 

0.025 

0,024 

6 

0.079 

0.078 

0.098 

0 . 097 

0.022 

0.021 

6 

0.097 

0.095 

O.I13 

0 . Ill 

0.027 

0,025 

6 

0.097 

0.09s 

0.II3 

O.III 

0.027 

0.025 

6 

0.127 

0.125 

0.147 

; 0.14s 

0.032 

0.030 

6 

0.160 

0.158 

0.185 

0.183 

0.041 

0.040 

6 1 

0.190 

O..I88 

0.219 

0.217 

0.052 

0.050 

6 

0.221 

0.219 

0.256 

0.254 

0.062 

0 . 060 

6 

0.254 

0.252 

0.297 

0.29s 

0.072 

0.070 

6 

0 . 2 S 4 

0.252 

0.297 

0.29 s 

0.072 

0.070 

6 ; 

0.31s 

0.312 

0.380 

0.377 

0.092 

0.089 

, 6 

0.386 

0,383 

0.463 

0.460 

0.112 

0.109 

6 

0.506 

0.503 

0 . 600 

0.597 

0.142 

0.139 

6' ■ 

0.568 

0.564 

0.654 

0.650 

0.157 

OviS 3 

V 6" 

0.568 

0.564 

0.654 

0.650 

0.157 

0.153 

6.' ■' 

0,631 

0.627 

0.790 

0.786 

0.184 

0.180 

6 

0.631 

0.627 

0.790 

0.786 

0,184 

0. 180 

6 

0.756 

0.752 

0.958 

0.954 

0.221 

0.217 

6 

1.007 

1.003 

1.275 

1. 271 

0.298 

0. 294 


I . 007 

1.003 

1.275 

1. 271 

0.298 

0.294 


1 A.II dimensions, except those shown in the table, are the same as for the 
Standard', socket setscrews. '■ 
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Table 31. — ^Dh^ehsions of Hexagonal Socket Capscrews . — Continued 
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Fluted Head Capscrew 


Table 32. — Dimensions of Fluted Socket Capscrews^ 


Size 

Socket Diameter 
Minor, J 

Socket Diameter 
Major, M 

Width of Socket 
Land, N 

Max. 

Min, 

Max. 

Min. 

Max. 

Min. 

8 

0.127 

0. 125 

0.147 

0.14s 

0.03 s 

0'-033 

10 

0. 127 

0 .I 2 S 

0.147 

0.14s 

0.03s 

0 • 033 

12 

0 . i6o 

0. 158 

0. 18S 

0.183 

0.042 

0 . 040 

i 

0. 190 

0.188 

0.219 

0.217 

0.052 

0,050 

A ^ 

0,221 

0.219 

0.256 

0 . 2 S 4 

0.062 

0 . 060 

K 

0.312 

0.310 

0.380 

0.378 

0.092 

0.090 

A 

0.312 

0.310 

0.380 

0.378 

0,092 

0 , 090 


0.386 

0.383 

0.463 

0.460 

0.112 

0. 109 


0.386 

0.383 

0.463 

0 . 460 

. 0 .'II 2 

0.109' 

I 

0.S06 

O.SO3 

0 . 000 

0 . 597 

0.142 

0.139 ■' 

1 

0.568 

0.564 

0.654 

0,650 

0 .IS 7 ' 

0 .IS 3 


0.568 

0.564 

0.654 

0.650 

0 .IS 7 

0.153 

'■ I ■ 

0.631 

0 . 627 

0 . 790 

0.786 

0.184 

0.180 


0.756 

0 . 7 S 2 

0.957 

0.953 

0.221 

0.217 

li 

0,756 

0.752 

0.957 

0.953 

0.221 

0.217 


0,756 

0,752 

0.957 

0.953 

0.221 

Q.217 

li 

1,007 

1 . 003 

1.27s 

1. 271 

0 . 298 

0.294 


1 All dimensions,* except those shown in the table, are the same as for the 
Standard socket capscrews. All have 6 flutes. 
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SEEF-TAPPmG SCREWS 

Ilarcieiied screws that form or tap the thread to hold them in 
place are now widely used, usually in sheet metal and in soft 
materials. Some are made with a fast helix that can be driven into 
place with a hammer. Screws of slower helix, that cut their own 



Fig. I. —Self-tapping Screws 


thread, are rotated into place by hand or power. They are made 
with heads of different shapes that conform with standards for 
machine screws, bolts, and capscrews. Table 33 shows the recom- 
nmnded hole sizes for Parker-Kalon screws in different materials 
I he two types of screws are shown in Fig i. 

British Screwheads 


Terms used are by Guest, Keen, and Littlefolds, Ltd 
screws have a 90-deg. angle head. 
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Table 34.— Rob 'End 



Pins, S.A.E. Standard 

The standard pins are made of 
commercial cold-rolled steel. The 
hardened pins are made of S. A, E. 
1010 steel or equivalent and are 
cyanide hardened. 

(All Dimensions in Inches) 


A 

Nruninal diameter. ....... 

A 

i 

A 

i 

A 

1 


Max. diameter 

.186 

.248 

.31X 

.373 

.436 

.496 

.491 


Min. diameter 

. 181 

• 24,? 

• 306 

.368 

.431 

n 

Length 

II 

P 

II 


ill 

Iff 

c 

Head diameter 

A 

f 



A 

I 

D 

Head thickness 

A 

A 

ft 

t 

A 

A 

E 

To hole 

II 

i 

tl 


lA 

1*1 

E 

Drill diameter 

#48 

m 

#36 

#36 

m 

128 



(.076) 

(.076) 

(, 106) 

(.106) 

(, 106) 

(.140) 

G 

Chamfer. . . . , , ' 

A 

A ■ 

A . 

A 

A 

A 

M 

Chamfer 

A 

A 

A 

A 

A 

A 


Weight, lbs. per 1,000 — . 







Studs 

Experiments as to the depth of thread (not depth of hole) show 
that the tap drill can be much larger than is generally supposed and 
still hold the stud against stripping, even in aluminum. Tests 
show that a 43 per cent depth of thread in aluminum will break a 

-inch stud before stripping, when the stud is a good fit, or, in other 
words, when the stud is 0.003 hich larger than the tapped hole. 

The depth of the hole also has its effect, but a depth of i J diam- 
eters Is sufficient for most materials, unless the stud has to carry an 
appreciable fatigue stress. In that case, 2 diameters will be better. 

The ** lute' ^ or material used on the threadsin setting studs also 
affects the torque. White lead is frequently used with iron or 
steel, and oil with aluminum. One motor builder uses kerosene in 
.the. latter case. 

There is a tendency toward using ground taps and chasers for 
stud holes and studs which are held to very close limits, as these 
give greater area of contact and the studs hold better. Some use a 
commercial tap first and finish with a ground tap. Some advocate 
a four-ffuted tap with narrow lands for cast iron and a three-fluted 
tap with wider lands for steel and aluminum. Some rough tap by 
machine and leave 0.010 inch for a hand-finishing tap. Holes are 
tapped straight in almost every case, but one builder of large 
machinery uses a taper of J inch per foot. 

The chamfering of the end of studs also plays a part. Some 
contend that the chamfer of 90 degrees included angle throws up a 
burr on the first thread, which makes a stud drive hard but allows 
it to unscrew easily. They prefer the 60-degree included angle. 

Another authority gives the following allowances for the stud 
end in order to ensure a tight fit in different materials; 
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For aluminum, actual pitch diameter plus, . . . . 0.004-0.006 inch. 

For cast iron, actual pitch diameter plus. . . . . . 0.002-0.004 inch. 

For steel, actual pitch diameter plus. ......... 0.001-0.003 inch. 

For brass and bronze, actual pitch diameter plus o. 003-0,005 inch. 



Table 35 .~-Standard Cotter Pins 
General Motors Company 
(Dimensions in Inches) 


D 

Nominal dia. . . 



in 



A 


i 



Actual dia. min. 

.042 

.058 

.086 

.118 

.146 

.172 

.202 

.220 

.275 

E 

Actual dia . max. 
Inside dia., of 

.04s 

.061 

• opo 

.122 

.ISO 

.176 

.207 

,22s 

.280 

F 

eye 

Outside dia., of 

ik 






m 

1 

A 


eye (approx.) . 
Drill dia. ...... 

^ #52 
(.0635) 

#48 

(.076) 

/s 

m i 
(.io6s)l 

#28 

(.1405) 

fs 

fi 7 

(.173) 

1 

(.201) 

t 

(. 238 ) 


ll 


Tolerance — 'ptus or minus 0.010 inch. 


Cotter Pins, S.A.E. Standard 

Three points are used which are optional: the standard point, the 
double-bevel point, and the extended prong. There is no difference 
in the cost of pins with either of these points. 

These pins are slightly smaller in diameter than the nominal 
diameter given, as this practice has become standard with all 
cotter-pin manufacturers. When pins are ordered of a certain 
nominal diameter, the undersize pins are furnished. Where full- 
diameter pins are required the purchaser must specify that these 
pins be ‘Tull -diameter wire.” The latter, however, run from 14 to 
25 per cent greater in price than the standard undersize pins. 
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Table 36. —Cotters Usep , in Bolts or .RoO/' Enos — Cotter 
Pins— S. A. E. Standards FOR Bolts 
(Dimensions in Inches) 


Bolt or 
Rod-End 
Pin. 

. , Diam. 

National Coarse Thread Bolts 

Pine (S. A. E*) 

Cotter 

Diam. 

B.W.G. 

Gage 

Cotter Length 

Drill 

No. 

Cotter Length 

Drill 

No. 

Short 

Long 

Short 

Long 

i 

iV 


i 

f 

48 

1 

f 

48 

. A 

A* 


1 1 

-1 

48 

1 

4 

48 

1 

A 


i 

i 

3<5 

f 


36 

A , 

A 

13 

I 

1 

1 36 

f 

.3. 

4 

36 

1 

A 


1 

li. 

36 

i 

1 

36 

p 

i 


I 


30 

i 

i| 

28 

1 

1 

II 

li 

i| 

30 

I 

li 

I 28 

1 ^ 



i| 

If 

30 



! 

! i 

i 


rf 

li 

28 


if 

28 

i 

i 

II 

I? 

If 

21 

ij 

i| 

28 

I 

i 

8 

If 

2 

21 

li 

if 

28 


M 


li 

\ 2i 

H 

If 

2 

ii 

li 


8 

2 

1 ■ 2I 


li 

zj 

II 


If 

6 

2i 

2j 


2 

2J 

2 

1 

1 

M • 


2i- 

i ^ 


,. 4 ■ 

2f 

. , 2 


STANDARD WOOD SCREWS 

This standard is the result of cooperation between screw manu- 
factuxers and the Bureau of Standards. The increment between 
sizes is now 0,013 inch instead of 0.013165 inch as formerly. Several 
sizes have been omitted, the total number of sizes and lengths 
being reduced from 555 to 291. Gimlet points are standard, cone 
and diamond points are special. Length of screws is measured 
from the largest diameter of bearing surface of head to the point. 
Screws are threaded approximately two- thirds of their length. 
Diameter is measured under the head. Tolerance on diameter is 
from 0.004 inch plus to 0.007 Inch minus. A 10 per cent variation 
in threads per inch is permitted. The angle of cone and flat heads 
is 82 degrees maximum, 80 degrees minimum. The head dimen- 
sions are now exactly the same as those of machine screws of the 
same size. Machine screws, however, begin at No. 2 and end at 
No, 12, so the wood-screw sizes are given here. 
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Table 37.— Heap Dimensions, Flat-Head Wood Screws 


Screw Threads 
Num- per 


Head 

Diameter 


Height of Width of 


1 s 

^ t 



0.026 

0.033 

0.040 

0.048 

0.031 0.020 
0.033 0.022 
0.036 0.024 
0.03S 0.026 

0.1 ss 
0.019 
0.023 
0.027 

O.OIQ 

0.012 

o.ois 

0,017 

0.055 

0.062 

0.069 

0.076 

0.040 0.028 
0.043 0.031 
0.04s 0.033 
0.047 0.03s 

0.030 

0.034 

0.038 

0.041 

0.020 

0.022 

0.024 

0.027 

0.084 

0.091 

0.098 

O.IOS 

0,112 

0.050 0.037 
a.042 0.039 
O.OSS 0.041 
0.057 0.043 
0 . 0 S 9 0,04s 

0.04s 

0,049 

0.053 

0.056 

0.060 

0.029 
Q .03a 

O'. 034' 
0.037 
| 0.039 

0.127 

0.141 

0,15s 

0.170 

0.198 

0.064 o,,oso 
0.069 0.0 54 

0.074 0,058 

0,078 0.062 
0.088 0.071 

0.068 

0.075 

0,083 

0,090 

O.IOS 

'0,044 
0 .049 
0 . 0 S 4 
O. 0 S 9 
0.069 


All dimensions in inches* 


■ Formulas 

width of slot, depth of slot, countersink 
angle are same as Table i. Head angle can be 8o to 82 degrees, ^ 


CROSS-SLOTTED WOOD-SCREW HEADS 

Screwheads with cross slots, known as the Phillips and made by 
the American Screw Company, have been standardized; these heads 
are shown m Tables 9 to 15 in tiiis section. Flat-, round-, and 
oval-head wood screws have the same dimensions as machine screws 
m same sizes. Wing thickness T is the same in all types of heads 
The upper dimension is maximum, and the lower is minimum in 
each case. 
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'COACH; SCREWS. 


ti 

D 



Hi 



Coach oe Lao Screws 

(Dimensions in Inches) 


Longest Shortest 


x nreaus i tjaorttssi 

per Inch “ Pomted Pointed 




• Crown same as sqna re-head machine bolt. Length of thread varies 
from about L the length on short screws, to L the length on long bolts 
(Buffalo Bolt Co.>. 


i!^P 

Coach Screw Threads 

(Dimensions in Inches) 


Threads 
per Inch 



0.0500 

0.0502 

0.0690 

0.0594 

0.0702 

0.0756 

0,0815 

0.0820 

0.0875 

0.0998 
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Ceiling Hooks 

(Dimensions in Inches) 


Trade 

Siae 


Trade 

Size 


Diameter 

D 


Length 

Threaded 

T 


Diameter ; 
of Eye i 

E 


Width of 
Opting 


Diameter ‘Length 
D L 


Length 

Threaded 

T 


Diameter ; 
of Eye I 

E 


Width of 
Opening 
0 
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^ Dimensions OF Williams ‘Wulcan’' Plain and Shoulder Eye 

Bolts 

PLAIN SHOULDER 
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PLAIN WASHERS.^ 


70s 



Size 

■S,ize 

Out- 

side 

Diam- 

eter 

Thick- 

ness 

Weight 

per 

Size 

Size 

Outside 

Thick- 
ness . 

of 

of' 

Wire 

1,000, 

of 

of 

Diam- 

Wire 

.Bolt i 

Hole 

GaKe 

in 

Bolt 

Hole 

eter 

Gage 


No. : 

Pounds 




No. 


I’>:tA:iN Washers 
U. S. Standard 
(Dimensions in Inches) 


ft 

i 

ft 

18 (ft) 

' 2.33 

f 

'ft 

1 

16 ( ft) 

6 . .40 

ft 

; ' 1 

1 

46 (ft) 

8.80 

1 

ft 

I 

r.4 (ft) 

14.7 

ft 

•1 


14 (ft) 

21 



. t 'l 

12 (ft) 

38.4 

ft 

,1 

If 

12 (ft) 

44.4 

1 


I'l 

io(i) 

77 

I 

il 

2 

10 (1) 

in 

} 

ii 

2i 

9 (ft) 

tS3 

I 

I ft 

2'i 

9 (ft) 

176 

If 

Xi 

2| 

9 (ft) 


li 

Xi : 

3 

9 (ft) 


If 

li 

3'i 

8(il) 


rl' 

tl 


8(H)i 



x| , 

3l 

8(H) 


1! 

1 1 

4 

a (H) 


a 

2 

4i , 

8(H) 


2 

2| 

4 h 

8(H) 



2| 

■4! 

6 (ft) 


a| 


5 

5 (ft) 



Plain Washers 
S, A, E, Standard 
(Dimensions in Inches) 


% 

I 

I 

I 


6* 

8 

10 


i 

Narrow-gage Washers 

(Dimensions in Inches) 

c 

A- 


ft 

t 

16 ( 

1 

1 ' 

16 ( 

ft 

1 

16 ( 


1} 

14 ( 

■ft 

It 

12 ( 

1 

If 

12 ( 

# 

if 

10 ( 

P 

i| 

10 ( 

H 

2 

9 ( 

I ft 

2| 

9 

It 

2I 

9( 

if 

af 


if 

3 

8 \ 

If 

3i 1 

8 


A) 


Steel Ho. 1010. Tolerance plus or minus 0 , 010 . 
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LENGTH OF ROUND HEAD RIVETS FOR DIFFERENT 
THICKNESSES OF METAL ^ 

To find the required length of a rivet when thickness of metal 
between rivet heads is given, assuming the rivet hole to be incii 
larger than the rivet before it is heated, refer to the table below* 
Grip in inches means thickness of metal between rivet heads. 


Diameter in Inch<« 


Inches. 


Length in Inches, 


■RIVET; SETS 
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STAHDARD' RIVET SET ATO HOLB-ON 



Table 42.— Cone, Head . 

Manufactured Head after Driving and Driven Head also Hoid-On 
(Dolly Bar) and Rivet Set Impressions 


„Body 

Diameter 

Manufactured. Head after 
Driving and Driven 'Head 

! Hold-On (Dolly 
1 and Rivet S 

* Bar) 
et . 

■ D ■ 

A '' 

: B ' ' 

' IT 

A ' 

B' 

" JB : ■. 

1 O.SO0 

0.092 

0 . 4 t >9 

0.406 

0.891 

0.469 

■■■:'"o.. 39 i 

I 0.625 

0. 141 

O.S 94 

0.5 16 

1,109 

O.S 94 

0.484 

" I ' 0.7SO 

O'. 37 S' 

0.703 

I ' 0.625 

1.328 

0.703 

0 . 578 

T ■■o,. 87 S 

■" O.S 94 ",, 

0.828 

[.■; 0 . 719 ; 

1.547 

o.8a8 

0.688 

I ■ t.QQO : 

1 . 828 " 

■"■ " 0 . 938 '' 

0.828 

1,781 

0.938 

.o.'78i: 

if. X.'I 2 S 

2.063 

1.063 

1 0.938 

2.016 

1.063 

0.87s 

■|^'■■■I.2S0 ■ 

2.281. 

■■ 1. 172 

1.031 

2.219 

1, 172 

0.969 

if 1 . 37 S 

2'. S16 

. 1.297 

■,I.. 141 ■; 

2,438 

. ■■1.297.. 

1 .078 

if I . 500 

a . 734 

'.'■ .. I. ,406' 

i ■ 1. 250 ' 

2,672 

1.406 

'I*. 172 

l| 1.62s 

2 . 969 

. 1 .S 3 I 

1 ' 1.344: 

2.891 

I. 53 X 

1.266 

l| 1.750 

3.203 

1.641 

'1.453' 

3. 109 

1.641 

l'. 37 S'' 


All dimensions given in inches. 

Troxjortions of manufactured head after driving and driven head: 


i'. 827D;, ' ■ 'B* 0.938jP; ■ ' E « 0,8»8I> 
Proportions of hold-on (dolly tar) and rivet set impressions: ' 

A/ B'- o..93M>;- ' 

.Di.raeasion8: have been adjusted to the nearest commoia fractions. 
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Table 43.— Fan.^Heab", ' 

Manufactured Head after Driving and Driven Head, also Hold-On 
(Dolly Bar) and Rivet Set Impressions 


Body 

Diameter 

Manufactured Head after 
Driving and Driven Head 

Hold-On (Dolly 
and Rivet S 

Bar) 
et , 


A 

B 

B 

A' 

B' 

IB 

1 0.500 

0.922 

0,500 

0.328 

0.891 

0 . soo 

0.297 

j 0-d2S 

1 . 14 X 

0 . 62 s 

0.406 

1. 109 

0 . 62 s 

0 . 375 

1 0.750 

1. 375 

0.750 

0.484 

1.328 

0.750 

0.453 

1 0.875 

1. 594 

0 . 87 s 

0.578 

1. 547 

0.875 

; 0,531 

I 1,000 

1.828 

1 . 000 

0.656 

1.781 

1. 000 

0.609 

li I. 125 

2.063 

I.I2S 

0.734 

2.0X6 

1 . 125 

0 . 688 

14 I. 250 

2.281 

1.250 

0.813 

2.219 

1 . 250 

0.766 

li 1.375 

2. $16 

1. 375 

0.906 

2.438 i 

1. 375 

0.844 

I. 500 

2.734 

1. 500 

0.984 

2.672 

I . SOO 

0.906 

If 1.625 

2.969 

1.625 i 

1 . 063 

2.891 

1 . 62 s 

0.984 

i| 1.750 

3.203 

1.750 i 

1 . 14 X 

3.109 

I.7S0 

t .063 


All dimensions given in inches. 

Proi)ortions of manufactured head after driving and driven head: 

A « i. 827 l>; B « D; B « o.6s6B 

Proportions of hold-on (dolly bar) and rivet set impressions: 

A' « i.78iZ>; B' « B; H' « 0.609B 

Dimensions have been adjusted to the nearest common fractions. 

Standard Heads on Clark Rivets 

I J I* 4 . 








Thickness of nut: 


Thickness of slotted nut: 
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SECTION XVI 





MEASURING AND FITTING 
THE VBRKIER AKD HOW TO READ IT 

This method of measuring or of dividing known distances into 
very small parts is credited to the invention of Pierre Vernier in 
1631. The principle is shown in Figs, i to 3 and its application in 
Figs. 4 and 5. In Figs, i and 2 both distances o-i are the same, hut 
they are divided into different divisions. Calling o to i = i inch, 
then in Fig. r it is clear that moving the lower scale one division will 
divide the upper one in half. In Fig. 2 the upper scale is divided in 


0 i 

Fig. I 



) 

L! 



i 

1 ^ 

1 1 

4 

I 

i . 



Vernier and Its Use 


and the lower one in thirds. If the lower scale is moved either 
way until i or f comes under the end line, it has moved i inch, but 
if either of these is moved to the center line, then it has only 
§ of this amount or 

ows the usual application of the principle except that it 
jarts instead of ten. Here both the scales have 
the lower scale the four parts just equal three 
upper scale. It is evident that if we move the lower 
to 4, it will be moved I the 
scale. If this distance 


■: ■..MIGROMETERSV'-' 719 

is I inch, each divisbn on the upper scale equals i inch, and moving 
tlH‘ l<»wrr scale so that the line i just matches the line next to o 
on the tipper scale gives one-fourth of one of these divisions or 

^'*l'Vures 4 and ^ show the usual application in which the lower or 
vernier scale is divided into 10 parts which equal 9 parts of the 
upper sc’akj. ''.rhe same division holds good, however, and when 
the lower scale Is moved so that the first division of the vernier 
hist matches the first line of the scale, it has been moved just one- 
trnth of a. (livision. in Fig. 4, the third lines match so that it has 
moved thrta;denths and in Fig. 5, seven-tenths of a division. So if 
.1 /> is 1 inch, then each division is {q inch, and each line of the ver- 
nier is onc-tenlh of that or i^ch. 

To find the reading of any vernier, divide one division of the upper 
or large scale by the number of divisions in the small scale. So if 
we had a vernier with 16 divisions in each, the large scale being 
I inch long, then the movement of one division is A of iV or inch. 

READING THE MICROMETER 

The commercial micrometer consists of a frame, the anvil or fixed 
measuring point, the spindle, which has a thread cut 40 to the inch 
on the portion inside the sleeve or barrel, and the thimble which 





Arr.J^ram© 

B-Anvii 

C - Spindle or Scre^ 
I>- Sleeve or Barret 
E- Thimble 


Fig. 6 . — Micrometer 

goes outside the sleeve and turns the spindle. One turn of the 
screw moves the spindle '4^0- or 0.025 inch, and the marks on the 
sleeve show the number of turns the screw is moved. Every fourth 
graduation is marked i, 2, 3, etc., representing tenths of an inch, or 
as each mark is 0.025, the first four mean 0.025 X 4 == 0.100, the 
third means 0.025 X 4 X 3 = 0.300. 

The thimble has a beveled edge divided into 25 parts and num- 
bered o, 5, 10, 15, 20, and to o again. Each of these means ^ of a 
turn or ^ of ~ 1/1,000 inch. To read, multiply the marks on 
the barrel by 25, and add the graduations on the edge of the thimble. 
In Fig. 6, there are seven marks on the sleeve and three on the 
thimble, so we say 7 X 25 = 175, plus 3 = 178 or 0.178. 
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In shop practice, it is common to read them by using mental 
addition and not multiplying. Beginning at the largest number 
shown on the sleeve and calling it hundreds and adding 25 fur each 
mark, we say, in the case shown, 100 and 25, 50, 75 and then add the 
numbers shown on the thimble 3, making 0.178 in all. If it showed 
4 and one mark, with the thimble showing eight marks, the reading 
would be 400 + 25 -f S « 433 thousandths or 0.433. 



Fic. 7.— Micrometer Graduations 



Fig. 8. — Measuring Three-Fluted Tools 


The Xen-Thousandth Micrometer 

This adds a vernier to the micrometer sleeve or barrel, as shown 
in Fig. 7, which is read the same as any vernier as has been explained. 
First note the thousandths, as in the ordinary micrometer, and 
then look at the line on the sleeve which just matches a line on the 
thimble. If the zero lines match on both thimble, and sleeve, 
. the measurement is in even thousandths as at B which reads 0.250. 



At C the seventh line matches a line on the thimble so the reading 
IS o 2507 inch. 


Measuring Three-Fltited Tools with the Micrometer 

In ]'"ig. H is shown a V block or gage for measuring three-fluted 
drills, counterbores, etc. 

angle being 60 degrees, the distances A, and C are equal 
C'onsequently, to determine the correct diameter of the piece to be 
measured, apply the gage as indicated in the sketch and deduct 
one "tliirtl of the total measurement. 

'Ihe use of this gage has a decided advantage over the old way 
of soldering on a piece of metal opposite a tooth or boring out a ring 
to fit to. 

Using a standard 60-degree triangle for setting and a few different 
of standard cylindrical plug gages for testing, the V block 
may be easily and very accurately made, 

USE OF CALIPERS 

Side Play of Calipers in Boring Holes Larger than a Piece 
of Known Diameter 

The following is an approximate rule for obtaining the variation 
in the size of a hole corresponding to a given amount of side play 
in the calipers. The rule has 
the merit of extreme simplicity 
and can be applied equally well 
to all diameters, except the very 
smallest. In most ca.ses, the 
calculation is so simple that it 
can be done mentally without 
having recourse to pencil or 
paper. 

The Calculation 

Let ■ A in Fig. 9, » .side play of 
calipers or end 
measuring rod, in 
sixteenths of an inchi 
B ^ dimensions to which 
calipers are set, or 
length of measuring pio. g.—Caliper Side Play 
rod, in inches. 

C — difference between diameter of hole and length of B in 
thousandths of an inch. 

A^ ' ■ ' 

Then C = -jj-, within a very small limit. 

Example .—A standard-end measuring rod, 5I inches long, has 
I inch of side play in a hole. What is the size of the hole? In this 
case A - 6, andB «= 5§. Apply the above formula: 

C ~ ™ thousandths of an inch, or 0*00327 inch. 

The diameter of the hole, therefore, is si -}- 0*00327 or 5.50327. 
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"72:2' 

The method will be found to be correct within a limit of about 
0.0003 inch if the amount of side play is not more than one-eighth 
of the diameter of the hole for holes up to 6 inches diameter; within 
0.000$ inch for holes from 6 inches up to 12 inches; and within 
0.001 for holes from 12 inches up to 24 inches. 

BORE GAGING BY ROCK OF THE PIN QAQW 

In order to determine the bore of a bearing which is oversize so as 
to permit a running clearanccj the length of the pin gage is made the 
same as the shaft diameter. After measuring the rock of the pin 
gage, the clearance may be found in Table i (expressed in thou- 
sandths of an inch). 

Example.— The measurement of a nominal 6-inch bearing bore 
shows 0.410 inch rock. The table specifies 0.003 inch clearance for 
0.379 inch rock and 0.004 inch clearance for 0.438 inch rock. By 
interpolation 0.4x0 inch rock results in a clearance of 0.0035 inch. 

Table 2 is used where the bore is undersize, such as xnay be the 
case ' When a press fit- is required. The ..pin gage for such bores is „ 
made o.oi inch less than the shaft. 

Example. — For a 5-inch diameter^ shaft the pin is made 4.99 
ineheslong. Assuming aTock of 0.44 inch, Table 2 shows 0.42 incli 
rock as indicating 0.0055 inch press fit, 0.45 inch rock as 0.005 inch 
press fit. Therefore, 0.44 inch rock would by interpolation be 
equivalent to a 0.0052 inch press fit. 

INTERCHAHGEiyBLE MAIOT 
Standard or Basic Hole Practice 

Strict interchangeability consists in making the different parts 
of a mechanism so uniform in size and contour that each part will 
fit and properly function in any one of the whole number of mecha- 
nisms, no matter when or where it is made. If the quantities being 
manufactured are large, intcrchangcalile manufacture is economical 
because it entails a correct system of giiging as well as manufacture. 
This system does not produce any more scrap or spoiled work than 
any other— it only indicates by inspection methods which pieces are 
definitely within or without the prescribed dimensions as repre- 
sented by the gages. 

It is a generalijr accepted, practice in the best shops to have the 
minimum dimension of the hole or receiving member standard. 
This is because the means of measuring are better adapted to such 
standards as plugs, blocks, and end measuring rods. Correct 
standards of this tjrpe are easier to produce and as they form, a 
ready means of directly checking the external member of a pair 
of mating parts, they at once establish the minimum dimension 
at the logical place. Any external member which will not receive 
the gage is too small, that is, it is below the standard size. 

The mating gage to a plug^ block, or rod gage (or the other mem- 
ber of a pair of gages) thus directly checks the internal member 
against being too large or over the standard size. Therefore, 

1 J. I. Hommel, Standards Engineer, Westingliouse Electric & Manufac- 
turing Company. 
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Table 2 . — Tiiess Fit by the Rock of the Pin Gage 

Diameter of Leiagth of Press-Fit Allowances, in Thousandths of an Inch - 

Shaft, in Pm Gage, Less | Less \ Less I Less | Less | Less j Less j Less I Less j Less ? Dess 1 Less 1 Less | I/ess 1 Less } Less 

Inches -in Inches o 8 7 i 64 6 1 si S ! 4 i 4 3i 3 I 2i 2 li | I j I 
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standard gages should Hx this point of the dimensions of the most 
llilheult fit rectuired in interchangeable manufacture. 

In a pair of mating parts that fit and move freely, there is a space 
or ch'Jirancc between the mating surfaces. If this space is reduced 
gradually, a condition will ultimately be reached in which there is 
no siiace or clearance between the parts, that is, the mating parts 
are togeth{!r, metal to metal, without shake. Then any movement 
of tile parts one within the other will require some force. If this 
rondition of tightness is represented by a horizontal line, which 
wc might call “zero,” then this zero line marks the low limit in 
tile ilimension of the external member and the high limit of the 
dimension of the internal member. 

Any overlapping of this line by the dimensions of either member 
of a. mating pair tends to produce tightness, and any deviation 
a, way from this line without crossing it will tend to produce loose- 
ness, 'rids zero line, then, is the logical place to coincide with the 
standard. The best experience in interchangeable manufacture 
has veriiied this, and the best shops use it. 



Fig. 10. — Diagram of Tolerances and Allowance 


J In Fig. TO, the zero line ,/lJ^ corresponds to the exact standard 
size and the line CD represents the largest allowable dimension 
I on the tools for external members. The space between the lines 

I AB and CD is the manufacturing tolerance and also the wear 

limit on these tools. As soon as the tools have worn so that the 
j standard gage will not go in the hole, their use is stopped. It 

I might be asked, Why not continue their use to, say, 0.001 inch 

I und<;rsize before stopping .and so get more wep out of the tool? 

j The obvious answer is that the standard gage will not check it, and 

I hence the gage is of no use. This is called “unilateraF’ tolerance. 

1 'i’he tolerance on the tool above the minimum size determines the 
amount of wear on, the tool and not the relation of the minimum 
I size to the standard. If 0.002-inch wear is desired on a tool, then 

I there must be 0.002-mch more looseness when the tool begins to 

j work and this should be above standard, as nothing is gained by 

I starting it at 0.001 inch above standard and stopping at 0.001 inch 

under standard. This would be “bilateraF* tolerance. 

I The line HJ represents the largest allowable dimension on the 
shaft or internal member, and the space between this line and the 
zero line is the minimum allowance, which must never be inten- 
I tionally encroached upon. It is intended for a predetermined 

I looseness for oil and freedom of fits to prevent seizing, 

f This space between the zero line and line HJ is the difference 
I allowed between the dimensions of the smallest external member 
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and the largest internal member by the designer for the express 
purpose of establishing the tightest permissible fit. 

It is necessary to have a manufacturing tolerance when a large 
number of these are made. The line AX represents the smallest 
allowable dimension on the shaft or internal member, and the space 
between the lines BJ and KL is the tolerance allowed for manu- 
facturing the internal members. 

The maximum looseness is represented by the distance between 
the lines CD and KL. The greatest tightness is represented by the 
distance between the zero line AB and HJ. In this case, the limits 
for the external member are from standard to CD oversize, and the 
limits for internal member are from HI to AX, both undersize. 

The space between the lines AB and II J is commonly called 
neutral space, indicating that it ismot to be encroached upon by 
the intrusion of the dimensions of either member of a pair of niating 
parts. In force or shrink fits, there is no neutral space, but the 
allowance provides for less than a space or an imaginary neutral 
space occupied by part of each member. Figures 1 1 and 1 2 show 
four common fits. For any class of fit-tight, loose or medium— the 
standard gage fixes the low limit for the size of the hole or external 



part. If these parts are made with precision tools, such as reamers 
or broaches, all these holes can be made with the same tools and 
carried in stock for all fits. The methods of finishing the shaft or 
internal members vary so widely that standard tools for this pur- 
pose are not commonly carried in stock. The desired kind of fit is 
secured by making the internal member the required amount under- 
size. It has been common practice for years to make shafting and 
cold drawn steel which is used for this purpose about 0.00 1 inch or 
more under the standard size to ensure interchangeability in 
standard holes. 

It will be noted that the same minimum, plug or gage is 
used for all holes regardless of fit. This go ” gage is exactly the 
same as the calibrated standard and is, therefore, checked by it. 

Should it be required either to increase or to decrease tolerances, 
this gage remains unchanged, and the interchangeability is not 
affected. Increasing the tolerance on the external member increases 
the size of the ^‘not gage, resulting only in more freedom of fit. 

The NewaU System of gaging, in great favor in England before the 
standards of the British Engineers Association were adapted, has 
as its basis a ‘Xniform standard hole/’ as being the only practicable 
workable basis for true interchangeability. This should also 
be extended to screw-thread products. Taps are not adjustable — 
the dies are. The standard threaded plug is easier to produce and 
calibrate or verify. The threaded ring gages are adjustable, and 
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everything points to the logic of extending standard hole practice 
to st’rcw-thrcad products. 

Interchangeability in screw-thread fits has also been determined 
})y {lie National Screw Thread Commission, interchangeability 
i)eing secured through standardizing tlje tapped hole. This is 
done l>y making the minimum size of all tapped holes basic, regard- 
less of*the kind of fit desired. The four classes of thread fits are 
loose, free, medium, and close. 

(xmiplete data concerning screw-thread fits will be found in 
St.'cs. I and fl. These include straight threads and pipe threads 
t(f botli American and British standards, as weU as oil-well casings, 
an<l hose couplings. IMetliods of measurement and standards for 
machine fits in general are given on the pages that follow. 

Users of the metric system advocate i micron =5 0.00004 inch as a 
unit for the highest grade of fit. 

The Standard Inch 

Standard measurements in the past have been taken from 
metal bars graduated as exactly as could be done at the time and at 
standard temperature. The newer method is to measure by light 
waves instead of standard bars, the standard inch now being taken 
as 39,450.3 wave lengths of cadmium light. 

The accepted relation between the inch and the millimeter is that 
25.4 millimeters eciual one inch. 

Micro-Inch and Micron 

A new term has been coined in the United States to designate 
one-millionth inch — ‘‘micro-inch.’’ Care should be taken not to 
confuse this with the French term “micron,” which is one-millionth 
of a meter, or 0,00003937 inch. 

MEAStmiNG WITH LIGHT W'AVES**' 

Tdght waves have made possible extremely accurate inspection 
and production in many industries. The manufacture of precision 
gage blocks was developed in this country with the aid of light 
waves, d'hc electrical-refrigerator industry has perfected gastight 
pump seals by having this easy and accurate method of inspecting 
fiat-lapped surfaces. Likewise, diesel engine, aircraft, and other 
precision parts are known by light waves to be perfect. 

'■.Idle optica! flat is now a common shop tool. It is essential in the 
maintenance of amplifying gages, micrometers, snap gages, and 
measuring machines. It greatly aids in realizing “quarter- 
tenths” and “the last hundred-thousandth,” as it instantly shows 
worn spots in anvils, measuring contacts, and gage-block standards. 
The optical flat shows errors in units of hundred-thousandths and 
millionths of an inch, yet its use is extremely simple and direct. 

Equipment Required 

In general a light-wave measuring equipment includes the 
following: 

* By H. L. Van'' ICeuren. ■ 


728 


MEASTOING AND ' FITTING 


■ - 



Two or more optical flats. 

One monochromatic light. 

One set of precision gage-block standards. 

An optical flat is simply a piece of clear, hard glass which is 
carefully ground and polished until one surface is perfectly flat. It 
has no magnifying power but depends for its usefulness upon the 
degree of accuracy of the one flat surface, A good working flat 
should be a true plane within 0.000005 inch (5 millionths), and a 
master or reference flat should be accurate within 0.0000025 inch 
(2 1 millionths). An accurate steel flat may be used for a bottom 
flat with the advantage of lower cost and long life. 

The monochromatic light is a light of one color or wave length. 

Daylight or white light contains all 

colors and wave lengths , from ■■ 
about 16 to 26 millionths inch. A 
convenient form of monochromatic 
lllrV shown in Fig. 13. 

The monochromatic light is pro- 
' vided with a special gas-filled tube 

similar to those used in neon signs and 
operated by a 5, 000- volt transformer 
Fig. 13.— Light-Wave connected to a: lo-yolt 6o-cycle sup- 


Measuring EVipment pJf- The light emitted has a value 

of 1 1. 6 millionths inch per dark band 
and is so strongly monochromatic or of one predominating wave 
length that bands are clearly visible when the separation of surfaces 
is as much as 0,005 inch. Thus, for testing flatness the optical flat 
need not touch the surface being tested. Interference bands seen 
with daylight are a series of colors similar to the colors of a rainbow, 
and an approximation of 10 millionths inch per band may be used for 
the measuring unit. 

Testing Flatness 

When an optical flat is placed on a nearly flat lapped or polished 
reflecting surface, interference bands or alternate light and dark 
spaces will be immediately seen if a monochromatic light is avail- 
able. With daylight, it is necessary to exclude all dust particles, 
moisture, or oil and to bring the surfaces into very close contact. 

A visual examination of the bands will then indicate the flatness 
as follows: 

1. Straight bands show a perfectly flat surface. 

2. Curved bands show the surface is not flat. 


Amount or Flaticess Eeror 

If the bands curve the distance between successive bands, the 
surface tested is out of flat 11.6 millionths inch. This condition is 
shown in 6, Fig. 14. Here the dotted line connecting the ends of a 
band just intersects the previous band. In practice, a shadow from 
a straight edge may be used for the dotted line, but in general, the 
flatness error may be estimated to sufficient accuracy. Other 
conditions of surface error are shown in Fig. 14. 
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The JEhrinciple of the Wedge of Air 

The conditions which exist when an optical flat is placed on a gage 
hl(»ck and interference bands made visible may best be explained by 
referring to the diagrammatic sketch of Fig. 15, which shows the 
wedge or angular contact greatly exaggerated and the surface of 
the gage block perfectly flat. 



0 b c d . 6 


Fig. 14. --Different Conditions and Degrees of Surface Error. 

Heavy lanes Indicate Edge in Contact with Flat 
a, Convex surface — side edges low 6 millionths. Convex sur- 
face-side edges low 12 millionths, c, Nearly flat-side edges low 
or rounded 6 millionths, d, Surface both convex and concave— 
hollow in center, higher each side of center and lower at side edges. 
Error 3 millionths, c, Note 2 high spots with 12 bands between, 
indicating a valley 6 bands or 75 millionths deep. 

I'he interference bands are caused by^ the fact that the light 
reflected from the surface of the gage interferes with the light 
reflected from the undersurface of the flat. The dark interference 
bands indicate vertical distances of one-half wave lengths of light. 
This is strictly true when looking directly down on the surfaces and 
practically true when viewed at a slight angle. 



The first band nearest the point of contact indicates that the 
vertical distance between the gage and the flat is 11.6 millionths 
inch; the second band shows a vertical distance of 22 millionths 
inch; etc. If the flat is pressed down on the gage, the wedge 
becomes thin and fewer bands or steps of 11.6 millionths are present. 

If the surfaces are accurately flat, they can be brought together 
so close that the distance at any point is less than 0.000005 iJich> 
and the bands disappear. Thus, when a gage block is wrung on a 
flat, it is in intimate contact, being held on the flat by a very thin 
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film of moisture or grease within 2 or 3 millionths inch. It is 
surprising that, although this film is but a few millionths of an inch 
thick, it is plainly visible through a glass flat. 

Referring again to Fig. 15, the following facts should be noted: 

1. Straight bands indicate a flat surface. 

2. The number of bands shows the steepness of the wedge of air 

and is the unit of measurement showing differences of thickness or 
length between the gage-block standard and the piece being 
measured. / ^ 

3. The direction of the wedge is* at right angles to the direction 
of the bands. 

Checking Gage Blocks 

When checking worn gage blocks against a known master block, 
both gages are wrung on an optical flat, as shown in Fig. 16. An 
examination of the bands reveals the 
following facts: ^ 

1. The bands are slightly curved. 

This indicates that the surfaces of the 
gage blocks are not perfectly flat. 
Straight bands indicate a flat surface, 
curved bands, a curved surface. If the 
bands curve around the ‘‘point of con- 
tact ” or the point where the glass touches 
the surface being examined, the surface is 
convex. If the curvature of the bands is ' 
just the reverse, the surface is concave, 

2. The pronounced light spot and the 
more clearly deflned bands near the 
observer, Fig. 16, indicate the point of 
contact. As the bands curve around the 
point of contact, the surfaces of the gage ' 
block are convex. 

3. The bands on each gage curve about 
two-tenths of the distance between 
successive bands, and the error of flatness 
one measuring unit (11.6 millionths) or 

2.32 millionths inch. 

4. The upper flat is sloping upward toward the rear at the rate 
of 11.6 millionths per dark band. There is, therefore, a wedge of 
air between the upper and the gage blocks. At the rear of the * 
right-hand gage, the wedge is five times 11.6, or 58 millionths inch 
thick. At the rear of the left-hand gage, the wedge is 5J times 

1 1.6 millionths or 63.8 millionths inch thick. The gage on the left 
is, therefore, shorter or smaller than the gage on the right by one- 
half band, or a little under 6 millionths inch. 

$. It will be noted also that each band on the left-hand gage « 
occurs about one-half band lower down on the wedge than the 
bands on the right-hand gage. Thus, the comparison of length 
may be referred to the first band on each gage, or to the second, or 
to any successive band. 

6. The bands on both gages, although slightly curved, are 
practically parallel, indicating that the upper surfaces of the two 




Fig. 16.' — Interference 
Bands on Two Gage 
Blocks Being Compared 
for Flatness, Length, and 
Parallelism 

is therefore two-tenths of 
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gages as they are wrung on the lower fiat are parallel within i 01 
2 millionths inch. 

'hhtis, witJi one observation, there are obtained the flatness, 
parallelism, and length comparison of two gage blocks. Both gages 
iire measured at the same time and at the same temperature. An 
accuracy of i or 2 millionths of an inch is secured, and there are 
no complicated settings or parts to introduce error. The accuracy 
of the flat may be known by testing them together or, better, by 
testing three flats in various combinations. 

Applying the Principle of the Wedge 

M«^asurements of diameter or length are made by wringing a 
gage-block standard on the lower, optical flat and then bringing the 
upper optica! flat in contact with both the gage block and the part 
})eij)g measured. The upper flat^ must be pressed down until 
cfiritact is secured on some point of the gage block and the part 
ii(flng measured. The location of the point of contact on the gage 
bi«)ck will depend on the oversize or undersize condition of the part 
lH,‘ing measured. 

U. is essential that the location of the point of contact on the gage 
block be determined. This is readily apparent in daylight by the 
aljsence of color, the grayish surface of the steel gage block being seen. 

'riie gage block, in reality, establishes a parallel reference plane 
1 inch — if it is a i. 000-inch gage— -above the lower or base surface, 
d’he amount that the part is over or under standard is then easily 
determined by counting the bands starting from the point of con- 
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Fig. 17.— M'easu ring by Light M^ave 

tact on the gage block and continuing to the point of contact on the 
part being measured. 

Figure 17 shows in a diagrammatic way how the amount oversize 
or undersize is determined for measuring plug gages. The same 
principles apply for making other measurements, such as the 
measurement of pitch diameter of thread gagei 
Among the uses of light waves should be mentioned the following: 

1. Gomparing precision gage blocks. 

2. Testing flatness of micrometer or measuring-machine contacts, 
snap gage jaws or other flat gaging surface. 
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3. Measuring diameters of plug gages, steel balls, rollers, thread 
gages, thread-measuring wires and accurate c3?’lindrical parts. 

4. Measuring thickness of watch hairsprings, thin sfxeet metal, 
parchment or like material, 

5. Determining coefficient of expansion of metals or other 
substances, 

6. Determining amount of contraction of dental amalgams or 
cements during the setting process. 


Fig. 18 


Light-Wave Micrometer 
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The Light-Wave Micrometer 


A very convenient measuring instrument which combines the 
extreme sensitivity of light waves with the utility of the micrometer 
is shown in Fig. 18. In this instrument the light-wave bands move 
past a reference line as pressure is applied on the piece being 
measured. Any measuring pressure, from just contact or zero 
pressure up to 2 pounds, may bemused. Because the exact pressure ^ 
of measurement can be exactly duplicated, the micrometer reading 
can be duplicated to 0,00001 ineh. The 6-mch diameter head is 
graduated to 0.0001 inch, permitting readings to 0.00001 inch. 



The light-wave micrometer measures length, thickness, and 
diameter of machine parts and gages — out-of-roundness of cylinders, 
three-wire measurement of screw threads— and is particularly 
useful in measuring soft materials, such as rubber, paper, leather, 
textiles, hairsprings, fine wires, dental amalgams, etc., because a 
very light measuring pressure can be used. The measurements are 
made between flat parallel surfaces, thus reducing indentation of 
the measuring contacts in the piece being measured. 

TOLERANCES AND ALLOWANCES FOR METAL FITS 
Introductory 

A committee of the A. S. M. E. on plain limit gages for general 
engineering work, believing that the terms and definitions used 
should, as nearly possible, conform to those in common use, 
adopted the following fundamentals and definitions. 

Fundamentals 

Direction of Tolerance on Gages. — The extreme sizes for all 
plain limit gages shall not exceed the extreme limits of the part 
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to be gaged. All variations in the gages, whatever their cause or 
purpose, shall bring these gages within these extreme limits. Thus 
a gage which represents a minimum limit may be larger, but never 
sinallfT, than the minimum size specified for the part to be gaged; 
iikenvisti the gage which represents a *naximum limit mav be smaller, 
but never larger, than the maximum size specified for the part to be 

fcem|>erature of 68 T. ( 2 o®C.) shall be the standard for plain 
limit gages. . . 

The final result sought by gaging is interchangeable manufacture 
in some degree. This means that the parts of a mechanism can be 
asseml)led without fitting one part to another and that when 
assembled the parts will function properly. 

Applied to manufactured material, the result sought is sufficient 
uniformity in size and contour to adapt the material without 
further fitting to the requirements of the industries. The funda- 
mental principle involved in interchangeable manufacture requires 
that “a system of standardization and classification of fits shall 
establish a clearly defined line at which interference between mating 
parts begins.*’ Hence: 

1. The standard or basic size, as physically represented by a correct 
standard master gage, represents the line at which this interference begins 
between mating parts. 

2. It is the minimum size of the external members of all mating parts of 
Standardized practice, regardless of the kind of fit, 

3. It is the maximum size of internal members of all mating parts where 
interference begins or that fit metal to metal. ^ 

4. The limits of the component as physically represented by the limit 
master gages shall not be exceeded as a result of either tolerance or wear of 
the gages. 

$, gages, or the equivalent verification of all the factors involved 

in the fit, are necessary to prevent interference of mating parts. 

In the case of force fits, go” gages are necessary to determine the maxi- 
mum amount of interference between mating parts, 

6, ‘'Not go” gages, or the equivalent verification of the determining 
factor, are necessary to prevent the maximum looseness of mating parts 
exceeding the limits specified. 

In the case of force fits, “not go” gages are necessary to determine the 
minimum amount of interference between mating parts. 

Definitions 

Ga|ing.‘-“”A process of measuring manufactured materials to assure the 
specified uniformity of size and contour required by the industries. 

Gage.-—A device for determining whether or not one or more of the dimen- 
'iionS' of' a manufactured part are within' specified limits. . 

1. Rins'.Gage.-^Om whose inside measuring surfaces are circular in form. 
The measuring surfaces may be cylindrical or conical. 

2. Piug One whose outside measuring surfaces are arranged to 

verify the specified uniformity of holes. A plug gage may be straight or 
tapered and of any cross-sectional shape. 

3. Receiving Gage.-^Om whose inside measuring surfaces are arranged to 
verify the specified uniformity of size and contour of manufactured material. 

Indicating Gage.-^On^ that exhibits visually the variations in the 
^ uniformity of dimensions or contour, the amount of the variation being 

^ indicated by lever on graduated scale, dial, fiush pin. plunger gages, etc. 

5. Snap Gage . — A fixed gage arranged with inside measuring surfaces for 
calipering diameters, lengths; thicknesses, etc. ■ 

6. Cattper Gage.’~--Oti& which, for Internal members, is similar to a snap 
gage, and for external members, is similar to a plug gage. 


1 The condition of 2 and 3 is represented by a mating pair of correctly 
fitting standard gages. 
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standard. — A physicfd representation o£ a form, dimension or size estab- 
lisJjefl by law or by general usa^sre awl consent. 

Standard Sizes. — A {5(!ries of recognized or accepted sizes corresponding 
to vanoua sitbdivitjions of a recognized unit of length, such as the yard or the 
niet«.‘r. These are itsually expressed in inches or in millimeters, sometimes 
by arbitrary munbers nr letters. 

Nniio — The indnstries, Ijy common consent, have chosen several different 
fierics important for interchangeable manufacture. For instance, the com- 
mr>n fractions of an inch are commonly called standard sizes, such as ifV, 
b A ir:ch, etc. . , 

Nominal Size.— A designation given to the subdivision of the unit of 
Ic-ngth having no specified limits of accuracy, but indicating a close approxi- 
mation to a standard size. 

Basic Size. — Tlie exact theoretical size from which all limiting variations 
are made. 

Allowance (Neutral %onc ) — An intentional difference in the dimensions 
of mating parts; or the mininmm clearance space which is intended between 
mating parts. It represents the condition ot the tightest permissible fit» of 
tile largest internal member mated with the smallest external member. It 
is to i,>rt.>vide for different classes of fit. 

EXAMPi.i!;.'-“A shaft dimensioned 0.874 inch and a hole dimensioned 0.875 
incli represent an allowance of o.ooi inch. The same hole with a shaft 
dimensioncfi 0.876 inch, represents^ an allowance of 0.001 inch also; but, as 
the shaft is larger than the hole, this allowance becomes a negative quantity. 
(Hec; “Explanatory Notes," page 751.) . 

Tolerance. — Tlie amount of variation permitted in the size of a part. 

Norn. — In the example under Allowance, the ideal condition and the 
tightest fit permissible have been given; but in manufacturing large numbers 
of pieces, these sizes could riot be produced exactly, so variations must be 
made that will not prevent their proper functioning but will enable them to 
be produced. These variations must therefore tend toward greater looseness. 
Then, if a manufacturing tolerance of 0.001 inch is required on each member, 
they would be dimensioned as follows: 


Shaft 

Hole 


0.874 inch + 0.000 inch 
— O.OOI inch 
0.87s inch + O.OOI inch 
— 0.000 inch 


This defines a condition in which the greatest looseness is 0.003 inch, and 
the greatest tightness gives a clearance of O.OOI inch. 

Neutral Zone. — See Allowance. 

Limits. — 'The extreme permissible dimensions of a part. 

Master Gage. — A gage whose gaging dimensions represent as exactly as 
possible the physical dimensions of the component. It is the gage with 
which all other gages and all dimensions of manufactured material are finally 
checked or compared, either by direct check or by comparison. 

Inspection Gages.— (Aages for the use of the manufacturer or purchaser in 
accepting the product. These gages must not accept any product which 
the master gages will reject. 
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MEASURING AND FITTING 


Working Gages.— Gages 
is produced. These gages 
tion gages will reject. 


used by the manufacturer to check the work as if 
should not accept any product which the inspec- ^ 


Glassification of Fits 

The following classification of fits is recommended: 


Loose Fit (Class i)— Large Allowance.— This fit provides for considerable 
freedom and embraces certain fits where accuracy is not essential. 

Examples. — Machined fits of agricultural and mining machinery con 
trolling apparatus for marine work; textile, rubber, candy, and bread machin* 
ery; general machinery of a similar grade; some ordnance material. 

Free Fit (Class 2)— Liberal Allowance. — For running fits with speeds of 
600 revolutions per minute, or over, and journal pressures of 600 pounds npr 
square inch, or over. 

Examples. — Dynamos; engines; many machine-tool parts; and somp 
automotive parts. 

Medium Fit (Class 3) — Medium Allowance. — For running fits under 
600 revolutions per minute and with journal pressures less than 600 pounds 
jier square inch; also for sliding fits; and the more accurate machine-tool 
and automotive parts. 

Snug Fit (Class 4)— Zero Allowance.— This is the closest fit which can be 
assembled by hand and necessitates work of considerable precision. It 
should be used where no perceptible shake is permissible and where moving 
parts are not intended to move freely under a load. “ 

Wringing Fit (Class 5) — ^Zero to Negative Allowance.— This is also known 
as a tunking fit,” and it is practically metal-to-metal. Assembly is usuallv 
selective and not interchangeable. 

Tight Fit (Class 6)— Slight Negative Allowance.— 'Light pressure is 
required to assemble these fits and the parts are more or less permanently 
^sembled, such as the fixed ends of studs for gears, pulleys, rocker arms, etc. 
These fits are used for drive fits in thin sections or extremely long fits in other 
sections and also for shrink fits on very light sections. Used in automotive 
ordnance, and general machine manufacturing. ‘ 

Medium Force Fit (Class 7)— Negative Allowance. — Considerable pres- 
sure IS required to assemble these fits, and the parts are considered per- 
manently assembled. These fits are used in fastening locomotive wheels, 
car wheels, ^matures of dynamos, and motors and crank discs to their axles 
^ shafts. They are also used for shrink fit on medium sections or long fits. 
These fits are the tightest which are recommended for cast-iron holes or 
external members, as they stress cast iron to its elastic limit. 

Heaw Force and Shrink Fit (Class 8)— Considerable Negative Allowance. 
These fits are used for steel holes Where the metal can be highly stressed 
without ^ceeding its elastic limit. These fits cause excessive stress for 
cast-iron holes. Shrink fits are used where heavy force fits are impractical, 
as on locomotive wheel tires, heavy crank discs of large engines, etc. 


Standard Fits Applied to Interchangeable Mantrfacture 

Interchangeable Assembly.— -Macliine shop practices are gov- 
erned largely by the conditions which must be met. These condi- 
tions are many and varied. The standard fits specified in Table 3 
can be applied to all practices. 

Tables 2 to 5 show the limiting sizes of mating parts for inter- 
changeable manufacture. 

Using the basic-hole principle on which this report is based, shaft 
members made to the specifications of one class of fit may be mated 
with hole members made to the specifications of another class with- 
out destroying interchangeability. 

Selective Assembly. — When the functional conditions of mating 
parts become so exacting that they cannot be maintained with the 
use of reasonable manufacturing tolerances, a practice known as 
** selective assembly’^ is often employed. In selective assembly, 

(Text continues on page A 1i) 



LOOSE FITS 739 

Table 4.— Loose Fit (Class i)— Large Allowance Inter- 
changeable 

This fit provides for considerable freedom and embraces certain 
fits where accuracy is not essential. 

(All Dimensions in Inches) 



*Note: + denotes clearance or amount of looseness. 


Summary of Data 

* Hole Shaft 

Tightest fit. 2.125 2,121 

Loosest fit 2.128 2,118 

Formulas 

When d = mean size, 

Hole tolerance — 0.002 S’^d 
Shaft tolerance «=» 0.002S'^d 
Allowance *=> o.ooas*^^ 



0 . 004 Allowance 
0.010 Allowance 
-f Tolerances 
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Table 5,— Fkee Fit (Class 2)-~-Liberal Allowance Inxeu- i 

■CHANGEABLE,, '■, 


For running fits with speeds of 600 r.p.m. or over, and journal 
pressures of 600 pounds per square inch or over. 

(All Dimensions in Inches) 


Size 

Limits 

; Tightest 
Fit 

Loosest 

Fit 

From 

Up to 
and 
Inclu- 
sive 

Mean 

Hole or 
External 
Member 

Shaft or 
Intei'nal 
Member 

Allow- 

ance 

Allow- 
: ance 4 , ■ 
i Toler- 
! ances 

: 4 


- 

- 


,4* 

0 

is 

t 

0.0007 

0.0000 

0.0004 

0,0011 

0.0004 

0.0018 


❖ 

i 

0.0008 

0.0000 

0.0006 

0.0014 

0.0006 

0.0022 

is 

is 

1 

0.0000 

0 . 0000 

0.0007 

0.0016 

0.0007 

0.002s 

is 

is 

t 

1 O.OOIO 

0.0000 

0 . 0009 

0.0019 

0.0009 

0.0029 



f 

O.OOII 

0 . 0000 

O.OOIO 

0.0021 

O.OOIO 

0.0032 


tt 

t 

0.0012 

0.0000 

0.0012 

0.0024 

0.0012 

0.0036 


ft 

i 

0.0012 

0,0000 

0.0013 

0.0025 

0.0013 

0.0037 


I is ; 

I 

0.0013 

I 0.0000 

0.0014 

0.0027 

0,0014 

0.0040 


lis 

it 

0.0014 

0.0000 

0.0015 

0.0029 

O.OOIS 

0.0043 

I A 

if 

It 

0.0014 

0.0000 

0.0016 

1 0.0030 

0.0016 

0 . 0044 

i| 

if 

it 

0 0015 

0 . 0000 

0.0018 

0.0033 

0.0018 

0,0048 

It 

i| 

i| 

0 . 0016 

0.0000 

0,0020 

0.0036 

0.0020 

0.0052 

It 

2| 

2 

0.0016 

0.0000 

0.0022 

0.00381 

0.0022 

0.0054 

2i 

2i 

2| 

0.0017 

0.0000 

0 .0024 

0.0041 

0.0024 

0.0058 

2| 

2I 

2t 

0.0018 

0.0000 

0.0026 

0.0044 

0. 0026 

0.0062 


3 l 

3 

0.0019 

0.0000 

0.0029 

0.0048 

0.0029 

0.0067 

3 i . 

3 | 

3 t 

0 . 0020 

0.0000 

0.0032 

0.0052 

0.0032 

0.0072 

3l 

4l 

4 

0.0021 

0.0000 

0.0035 

0.0056 

0.003s 

0.0077 

4i 

4| 

4 t 

0.0021 

0 . 0000 

0.0038 

0.0059 

0.0038 

0.0080 

4 t 

St 

5 

0.0022 

0 . 0000 

0. 0041 

0 , 0063 

0.0041 

0.008s 

St 

6| 

6 

0.0024 

0.0000 

0 . 0046 

0.0070 

0 . 0046 

0.0094 

6t 

7 t 

7 

0.0025 

0.0000 

o.oosi 

0 . 0076 

0.0051 

b.oioi 

7 t 

81 

8 

0.0026 

0.0000 

0 . 0056 

0.0082 

0.0056 

■0.0108 


*Note: 4 - denotes clearances or amount of looseness. 



Summary of Data 

Hole Shaft 

Tightest fit .... 1.2500 1 . 2484 

Loosest fit 1.2514 1.2470 

Formulas 

When i « mean swe, 

Hole tolerance «» 0.0013 
Shaft tolerance = 0.0013-^^ 
Allowance ■“ 0.0014”^ 


0.0016 Allowance 
0.0044 Allowance 
+ Tolerances 
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Table 6.— 'Medium Fit (Class 3)— -Medium Allowance 
' Intkrchangeable 


For running fits under 600 r.p.m, and with journal pressures less 
than 600 pounds per square inch; also for sliding fits, and the more 
accurate machme-tool and automotive parts. 

(All Dimensions in Inches) , 


Size 

Limits 

i Tightest 
Fit 

Loosest 

Pit 

Prom 

tip to 
and 
Inclu- 
sive 

Mean 

Hole or 
External 
Member 

Shaft or 
Internal 
Member 

Allow- 

ance 

Allow- 
ance + 
Tpler- 
1 ances 

+ 

■ 1 

-- 


■ + * 

4.* 

! ■ 

0 

1 fir 

f 

i 

0.0004 

0.0000 

0.0002 

O.OQ06 

0.0002 

0.0010 

•fr, 

fir 

i ■ 

0.0005 

0.0000 

0 . 0004 

0.0009 

0.00Q4 

0.0014 

A 

fir 

■I 

0.0006 

0.0000 

0 . 0005 

O.OOII 

0.0005 

0 . 001 7 

fir 

fir 

h 

0 . 0006 

0.0000 

0 . 0006 

0.0012 

0 . 0006 

0.0018 

ft 

It 

I 

0.0007 

0.0000 

0.0007 

0.0014 

0 . 0007 

0.0021 



1 

0.0007 

0.0000 

0.0007 

0.0014 

0.0007 

0.0021 

tl 


i- 

0.0008 

0,0000 

0 . 0008 

0.0016 

0.0008 

0.0024 

il 

..i-k' 

I 

0.0008 

0.0000 

0.0009 

0.0017 

0,0009 

0.002s 

iiV 

I fir 

If ■ 

0.0008 

0.0000 

0.0010 

O.OO18 

0.0010 

0.0026 

ip 

li 

li 

0,0000 

0.0000 

0.0010 

0.0019 

0.0010 

0.0028 


If i 


O.OOOQ 

0.0000 

0.0012 

0.0021 

0.0012 

0.0030 


, 

i| 

0.0010 

0.0000 

0.0013 

0.0023 

0.0013 

0.0033 

if 

2f 

2 

0.0010 

0.0000 

0.0014 

0.0024 

0.0014 

0 . 0034 

2I 



0.0010 

0.0000 

0.0015 

0.0025 

0.0015 

0 . 003s 

2 l 

2I ■ 

2 h 

O.OOII 

0.0000 

0.0017 

0.0028 

0.0017 

0,0039 


3 i 

3 , 

0.0012 

0.0000 

0.0019 

0.0031 

0.0019 

0.0043 


3 i 

" 3 l 

0,0012 

0.0000 

0.0021 

0 . 0033 

0.0021 

0 . 004s 

3 ^ 

4 i 

4 

0.0013 

0.0000 

0.0023 

0.0036 

0.0023 

0 . 0049 

4 l 

4 l 

4 l 

0.0013 

0.0000 

0.0025 

0.0038 

0.0025 

0 . 005 I 

4 l 


5 

0,0014 

0.0000 

0.0026 

0 - 0040 

0.0026 

0.0054 

Sk 

6| 

6 

o.oois 

0.0000 

0.0030 

0.004s 

0.0030 

0 . 0060 

6| 

71 

7 

0.0015 

0.0000 

0 . 0033 

0 . 0048 

0.0033 

0 . 0063 

7 § 


8 

0,0016 

0 . 0000 

0.0036 

0.0052 

0.0036 

0.0068 


^Note : -f- denotes clearance or amount of looseness. 



Formulas 

When d mean size, 

Hole tolerance «» o,ooo 8 '>J ^5 
Shaft tolerance *=* o.oooS'^J 
Allowance 
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Table 7 .-“SNtTG Fit (Glass 4 )-~Zeiio Allowance 
Interchangeable 

This is the closest fit which can be assembled by hand and necessi- 
tates work of considerable precision. It should be used where no 
perceptible shake is permissible and where moving parts are not 
intended to move freely under load. 

(All Dimensions in Inches) 


Size 

Limits 

Tightest 

Fit 

Loosest 

Fit 

From 

Up to 
and 
Inclu- 
sive 

Mean 

Hole or 
External 
Member 

Shaft or 
Internal 
Member 

i 

Allow- 

ance 

AlloW“« 
ance + 
Toler- 
ances 

+ 


i 

t ,• 

- 

i 

-f * . 

0 

■it 

1 

0.0003 

0.0000 

0 . 0000 

0.0002 

0.0000 

0.0005 


A 

i 

0 , 0004 

0.0000 

0 . 0000 

0.0003 

0.0000 

0.0007 


fk 

i 

j 0.0004 

0 . 0000 

0.0000 

0.0003 

0.0000 

0.0007 


is 

1 

0 . 0005 

0 . 0000 

0.0000 

0.0003 

0 . 0000 

0.0008 



1 

0.0005 

0.0000 

0.0000 

0.0003 

0.0000 

0.0008 


if 

1 

0.0005 

0.0000 

0.0000 

0.0004 

0.0000 

0.0009 


ii- 

1 

0 . 0006 

0.0000 

0.0000 

0 . 0004 

0.0000 

0,0010 


I ik 

I 

0.0006 

0.0000 

0.0000 

0.0004 

0.0000 

O’, 0010 

I it 

i^ 

il 

0 . 0006 

0.0000 

0.0000 

0.0004 

0.0000 

0.0010 

Ilk- 

li 

if 

0 . 0006 

0. 0000 

0.0000 

0.0004 

0.0000 

0.0010 

If 

If 

i| 

0 . 0007 

0 . 0000 

0.0000 

0.0005 

0 . 0000 

0.0012 

i| 

i| 

if 

O.Q007 

0. 0000 

0.0000 

0.0005 

0.0000 

0.0012 

If 

2| ’ 

2 

0 . 0008 

0.0000 

0.0000 

0.0005 

0,0000 

0.0013 

2 i 

2I 

2i 

0.0008 

0.0000 

0.0000 

0.0005 

0 . 0000 

0.0013 ■ 

2| 

2I 

2| 

0 , 0008 

0.0000 

0.0000 

0.0005 

0.0000 

0.0013 

2| 

3I 

3 

0.0009 

0.0000 

0.0000 

0.0006 

0.0000 

O.OOIS 

3 t 

3 l 

3 l 

0.0009 

0.0000 

0.0000 

0 . 0006 

0.0000 

o.oois 

3 l 

4 i 

4 

o.ooib 

0.0000 

0.0000 

0,0006 

0.0000 

0,0010 

4 i 

4 l 

4 l 

0.0010 

0.0000 

0.0000 

0.0007 

0.0000 

0.0017 

4 l 

Si 

5 

0.0010 

0.0000 

0 . 0000 

0.0007 

0. 0000 

0.0017 

Si 

61 

6 

O.OOXI 

0.0000 

0.0000 

0.0007 

0.0000 

0,0018 

61 

7 l 

7 

O.OOII 

0.0000 

0.0000 

0.0008 

0.0000 

0.0019 

7 l 

8| 

8 

0.0012 

0.0000 

0.0000 

0 . 0008 

0.0000 

0.0020 


* Note: + denotes clearance or amount of looseness. 



/) ^ 0.0000 

0.2500 ^QQQQ^ 

T 

Shoif'+ 
/interncfM 
^Member/ 


/) 0 , 000 ^ 
0,2600 .,0,0000 


' 0.0000 

Hole 

(Exferhal Member) 


Summary of Dimensions 

Hole Shaft 

Tightest fit 0 .2500 o . 2500 0.0000 

Allowance 

Loosest fit .... . 0 . 2504 0 . 2497 o . 0007 
Allowance + Tolerances 

Formulas 

'When £? e= mean si^e, 

Hole tolerance w o. 0006 '^ 5 . 
Shaft tolerance w 0.0004 ''Vd. 
Allowance = 0 . 0000 . 
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Table 8. — Weinging Fit (Class s)— -Zero to Negative Allow- 
ance Selective. Assembly 

This is also known as a ^^tunking fit’’ and it is practically me tal- 
to-metal Assembly is usually selective and not interchangeable, 
(All Dimensions in Inches) 



* Note. denotes interference of metal or negative allowance; + denotes 

clearance or amount of looseness. 


Summary of Dimensions 
Hole Shaft 

Tightest fit, . 0.6250 0.6253 —0.0003 
Loosest fit... 0.625s 0.6250 +0.0005 
Selected fit, . 0-6250 0.6250 0.0000 

.'Formulas 

When d B3 mean size. 

Hole tolerance = 0.0006 -v^* 
Shaft tolerance = 0.0004 -'^ 5 !. 
Average,.' interfer-^ ■ 

ence of metal = 0.0000. 


zOiSP/r/? '^ 0.0005 
0.b^5U ^0.0000 


Hole , 
Ex+ernal 
Member 


03250 ^ 0.0000 


^ onoTT 
ly /ln+erno»l\ 
7 


_ The average interference of metal is the desired condition and must be 
obtained by selective assembly, that is, by mating large shafts in large holes 
and small shafts m small holes. 
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Table 9 , — Tight Fit (Class 6 )— Slight Negative Allowance 
Selective Assembly 

Light pressure is required to assemble these fits and the parts are 
more or less permanently assembled, such as the fixed ends of 
studs for gears, pulleys, rocker arms, etc. These fits are used for 
drive fits in thin sections or extremely long fits in other sections, 
and also for shrink fits on very light sections. Used in automotive, 
ordnance and general machine manufacturing. 

(All Dimensions in Inches) 


Size 

Limits 

Tight- 

est 

Pit 

Loosest 

Fit 

Selected 
■ Fit;^ 

From 

tip to 
and 
Inclu- 
sive 

Mean 

Hole or 
External 
Member 

Shaft or 

1 Internal 
Member 

1 '' ' ■ 

Allow- 

ance 

Allow- 
ance + 
Toler- 
ances 

Average 
Inter- 
ference 
of metal 

+ 


: + 

i 

; i 


* 

* ; 

0 


i 

0 . 0003 

0.0000 

0.0003 

0.0000 

0.0003 

+ 0.0003 

0.0000 

rV 

i 

i 

0 . 0004 

0.0000 

0.0005 

0.0001 

0 . 0005 

+0.0003 

6.0001 

A 


f 

0 , 0O04 

0.0000 

0 . 0005 

0.0001 

0.0005 

+0.0003 

0.0001 

A 

1 ■A’ 

I 

0.0005 

0.0000 

0.0006 

0.0001 

0 . 0006 

+0.0004 

0.0001 

A 

ft 

1 

0.0005 

0.0000 

0.0007 

0.0002 

0.0007 

+0.0003 

0.0002 


ft 

1 

0 . 0005 

d.oooo 

0.0007 

0.0002 

0.0007 

+0.0003 

0 . 0002 


ft 

i - 

0 . 0006 

0.0000 

O.OQOS 

0,0002 

a.0008 

+ 0.0004 

0.0002 



I 

0 . 0006 

0 . 0000 

0.0009 

0.0003 

0.0009 

+0.0003 

0.0003 




0.0006 

0.0000 

0.0009 

0.0003 

0.0009 


ho . 0003 

0 . 0003 

ip 

If 

li 

0,0006 

0. 0000 

0.0009 

0.0003 

0 . 0009 

- 

ho. 0003 

0.0003 

If 


i| 

0.0007 

0 . 0000 

0,0011 

0.0004 

O.OOII 

- 

ho. 0003 

0 . 0004 

if 

li 

il 

0.0007 

0 . 0000 

O.OOII 

0 . 0004 

O.OOII 

- 

ho. 0003 

0 . 0004 

li 


2 

0.0008 

0.0000 

0.0013 

0.0005 

0.0013; 

H 

ho. 0003 

0.0005 

2 i 


2i 

0 . 0008 

0.0000 

0.0014 

0 . 0006 

' 1 

0 . 0014 

+0.0002 

0.0006 

2f 

2! 

2 i 

0.0008 

0 . 0000 

0,0014 

0.0006 

0.0014 

+0.0002 

0.0006 

2I 

3| 

3, 

0.0009 

0.0000 

0.0017 

0 . 0008 

0.0017 

+0.0001 

0 . 0008 

3 i 


34 

0 . 0009 

0 . 0000 

0.0018 

0 . 0009 

0.0018 

- 

-0.0000 

0,0009 

3i 

4i 

4 

0.0010 

0.0000 

0 , 0020 

O.OOIO 

0.0020 

- 

-0.0000 

O.OOIO 

4| 

4 | 

44 

O.OOIO 

0.0000 

0.0021 

O.OOII 

0.002I 

- 

-0.0001 

O.OOII 

4f, 1 

5I 

5 

0.0010 

0. 0000 

0.0023 

0.0013 

0.0023 

- 

-0.0003 

0.0013 

Sh 1 


6 

O.OOII 

0.0000 

0.0026 

0.0015 

0,0026 

- 

-0,0004 

0.0015 

6f 

7i 

7 

O.OOII 

0.0000 

0. 0029 

0,0018 

0.0029 

- 

-0.0007 

0.0018 

7i 


8 

0,0012 

0.0000 

0.0032 

0.0020 

0.0032 

■ 

-0.0008 

0.0020 


* Note.— — denotes interference of metal or negative allowance. 4* 
denotes clearance or amount of looseness. 

Summary OF Dimensions 

Hole Shaft 

Tightest fit 0.7500 0.7507 —0,0007 

Loosest fit,. . . ..... 0,7505 0.7502 +0.0003 

tSelected fit 0.7500 o. 7S02 —0.0002 

^ *aoogff jSelected fit 0.7 505 0.7507 — 0 . 0002 

Hole stress = 2,608 pounds per square ihch. 
Force for pressing | X 0.149 «=* 0.075 ton 
tSmall shaft in small hole. 
jLarge shaft in large'hole.' " 
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diameter and hence the greatest hole stress will vary from the vaiuos given in the table by less tl 
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Table ii.— Medium Force Fit (Class 7)— Negative Allowance 
Selective Assembly 

Considerable pressure is required to assemble these fits and the parts are 
considered permanently assembled. These fits are used in fastening locomo- 
tive wheels, car wheels, armatures of dynamos and motors, and crank disks 
to their axles or shafts. They are also used for shrink fits on medium sections 
or long fits. These fits are the tightest which are recommended for cast-iron 
holes or external members as they stress cast iron to its elastic limit. 

(All Dimensions in Inches.) 


Size 

Limit 

Fit 

Selected 

Pit 

Up to 

Erom Mean 

Hole or 
External 
Member 

Shaft or 
Internal 
Member 

Allow- 
Allow- ance + 
ance Toler- 
ances 

Average 
Inter- 
ference 
of metal 

sive , 

+ 1 

+ 1 + 

— sis * ■ 

_ * 


.0004 0.0001 0.0004 +0.0002 0.0001 
.0005 0.0001 0.0005 +0.0003 0.0001 
,0006 0.0002 0.0006 +0.0002 0.0002 
. 0008 0 ,0003 0 . 0008 + 0 . 0002 0 .0003 
.0008 0.0003 0.0008 +0.0002 0.0003 
.0009 0.0004 0.0009 +0.0001 0,0004 
.00100.00040.0010 +0.0002 0,0004 

.0011 0.0005 O.OOII + 0.0001 0.0005 

.00120.00060.0012 0.0000 0.0006 

.00120.00060.0012 0.0000 0.0006 

.0015 0,0008 o.oois —0.0001 0.0008 
.0016 0.0009 0.0016 — 0.0002 0.0009 
.0018 0.0010 0.0018 —0.0002 0.0010 
.00190,00110.0019—0.0003 O.OOII 
.0021 0.0013 0,0021 —0.0005 0,0013 
,0024 O.OOIS 0,0024 —0.0006 q.oois 
.0027 0.0018 0.0027 —0.0009 0.0018 
.0030 0.0020 0,0030 —0.0010 0.0020 
.0033 0.0023 0.0033 —0.0013 0.0023 
.00350.00250.0035 —0,0015 0.0025 
.0041 0.0030 0.0041 —0.0019 0,0030 
.00460.00350.0046 —0.0024 0.003s 
.0032 0.0040 0.0052 —0.0028 0.0040 


* Note. denotes interference of metal or negative allowance. + 

denotes clearance or amount of looseness. 
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attainable manufacturing tolerances are established, then the 
completed parts are sorted or mated according to size so as to main- 
tain the required functional conditions. The productive processes 
here are the same as those for interchangeable manufacturing, with 
the addition of a sorting or mating operation before assembly. 

Tables 8 to 14 show the limiting sizes for the manufacture of 
mating parts which are to be assembled by selection. 


Summary of Dimensions 

Hole Shaft 

Tightest fit. 56.0000 56.0583 -0.0583 

Loosest fit 56.0023 56.0560 -0.0537 

tSelected fit 56 . 0000 56 . 0560 - 0 . 0560 

iSelected fit. 56.0023 56.0583 -0.0560 

Hole stress = 29,000 pounds per square inch. 
tSmall shaft in small hole. 


i Large shaft in large hole. 

Formulas 

When d = mean size. 

Hole tolerance •=> 0.0006-^. 

Shaft tolerance » 0.0006 

Average interference of metal = 0.00 ^ 

The average interference of metal given is the desired condition and must 
be obtained by selective assembly, that is, by mating large shafts in large 
holes and small shafts in small holes. ^ 

For hole and shaft tolerances, the same formulas were used tor sizes larger 
than 8 inches, although there were no data available for these diameters. 



Tightest fit. . . 

Loosest fit 

Selected fit. . . 
Selected fit. . . 
Hole stress ’ 


Force for pressing 


Hole 

1.9375 

1.9383 

1-9375 

x.9383 

§,216 pounds per square inch. 


Shaft 

1 . 9393 

1.938s 

1.938s 

1.9393 


-0.0018 

- 0.0002 

- 0.0010 

- 0.0010 


3 X 0.747 = 2.24X tons. 
Formulas 


When d ■■ 


mean size. 


Hole tolerance sa 0.0006. 
Shaft tolerance = 0.0006 *> 5 ^, 


Average interference of metal = o.ooosd. 

The average interference of metal given is the desired condition and must 
be obtained by selective assembly, that is, by mating large shafts in large 
, holes and small shafts in small holes. 

For hole and shaft tolerances, the same formulas were used for sizes larger 
than 8 inches, although no data were available for these diameters. 
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?50 MEASURING AND FITTING 

Table 13.— Heavy Force and Shrink Fit (Class 8)“—Gonsider- 
ABLE Negative Allowance Selective Assembly 
These fits are used for steel holes where the metal can be stressed 
to its elastic limit. These fits cause excessive stress for cast-iron 
holes. Shrink fits are used where heavy force fits are impractical, 
as on locomotive wheel tires, heavy crank discs of large engines, etc. 
(All Dimensions in Inches) 


From 

Up to 
and 
Inclu- 
sive 

Mean 

0 


1 



i 



1 

iV 


i 

A' 


t 



f 

H 


' i 


I iV 

I 


I 1^5 

li 

I A 

If 

li 

i| 

If 

i| 

li 

x| 

li 

If 


2 

2i 

21 

2| 

2| 

, 2| 

2^ 

2| 

3 i 

3 

3 i 

3 l 

3 l 

3 l 

4 i 

4 

4 

4 l 

4 l 

4 l 

si 

S 

Si 

61 

6 

61 

7 l 

7 

71 

Si 

1 ■ ^ 

8| 

9 l 

9 

lOf 

Hi 

10 

III 

13 

12 

13 

IS 

14 

IS 

, ■ 17 

16 

17 

' , ' 19 

! ■ 18 ■ 

19 

22 

20 

22 

26 

I 24 

26 

30 

28 

30 

34 

32 

34 

' 38 

36 

38 

44 

40 

44 

' ■ 52 , . 

48 

S2 

60 

S6 

60 

68 

64 

68 

76 

72 

76 

88 

80 

88 

104 

96 

104 1 

120 

I12 

120 

136 

128 


Hole or 
External 
Member 


Shaft or 
Internal 
Member 


Tight- 

est 

Fit 

Loosest 

P'it 

'Selected 

Fit 

Allow- 

Allow- 

Average 

ance -f ; 

inter- ' 

ance 

toler- 

ances 

ference 
of metal 

_He 


— * 

0 . 0004 

-f-0.0002 

0.0001 

0 . 0007 

-j-o.ooor 

0 . 0003 

0 . 0008 

—0.0000 

0 ,0004 

0.0010 

0.0000 

0 . 0005 

O.OOII 

— O.OOOI 

0 . 0006 

0.0013 

— 0.0003 

0.0008 

o.oois 

— 0,0003 

0.0069 

0.0016 

— 0 . 0004 

O.ooio 

0.0017 

I— 0.0005 

O.OOII 

0.0019 

—0.0007 

0.0013 

0.0022 

— 0.0008 

O.OOIS 

0.0025 

— O.OOII 

0.0018 

0.0028 

-0.0012 

0.0020 

0.0031 

— 0.0015 

0.0023 

O.QO33 

— 0.0017 

0.0025 

0.0039 

— 0.0021 

0.0030 

0 . 0044 

— 0.0026 

0.003s 

0.0050 

— 0.0030 

0 . 0040 

0.0055 

— 0,0035 

0 . 004s 

0.0060 

— 0.0040 

0.0050 

0.0071 

— 0.0049 

0.0060 

0. 0081I 

— 0.0059 

0.0070 

0.0092 

— 0 . 0068 

0.0080 

0.6102 

— 0.0678 

0.0090 

0 , 0113 ! 

— 0.0087 

0.0100 

0.0134 

— 0.0106 

0.0120 

6.0154 

— 0.0126 

0.0140 

0,0175 

— o.oi4Si 

0.0160 

0.0196 

—0.0164' 

0.0180 

0.0216 

— 0.0184 

0.0200 

0.0257 

—0.0223; 

0.0240 

0.0298 

— 0.0262 

0.0280 

0.0339 

— 0. 0361 

0.0320 

6.0380 

—0.0340 

0.0360 

0.0421 

-0.0379 

0.0400 

0.0502 

-0.0458 

0.0480 

0.0583 

- 0.0537 

0.0560 

0.0664 

—0.0616 

0 . 0640 

6.0745 

—0.0695 

0.0720 

0.0826 

- 0 . 0774 

0 .0800 

6.0987 

“ 0.0933 

0.0960 

0.1149 

—0.1091 

0. 1120 

P.I3IO 

— 0.1250 

0 .1280 


* — denotes interference of metal or negative allowance- denotes 
Clearance or amount of looseneaa. 
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Explanatory Notes 

In the table reproduced below many of the terms in common use 
in the shops of the countiy are given with the equivalent term 
which the A.S.M.E. Committee’s report recommends: 
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the only sure means of determining whether or not parts will go 
together. If either member of a pair of mating parts is three- or 
five-cornered, a snap gage or micrometer will not ensure their going 
together. 

In the foregoing allowances and tolerances, the best practice 
available was considered, and where differences occurred, a compro- 
mise was attempted. The tolerances on holes apply only to.reamed 
holes, or holes having a finish equivalent to reaming. From the 
standpoint of satisfactory performance, the tightest and loosest fits 
permissible are the all-important considerations. From a manu- 
facturing standpoint, tolerances are the important factors. Hence 
both the tightest and loosest fits permissible must combine the 
tolerance and allowance, and therefore both allowance and tolerance 
must be considered for all-round satisfactory conditions. 

It is not deemed to be feasible to include in this report allowances 
and tolerances which will apply to all work. In the industries 
many so-called standard fits are made which are not interchange- 
able, and an attempt to make them so would be prohibitive in cost. 
These fits, however, must be made on a production basis, and it 
is believed that the tables here given will be found to contain 
allowances and tolerances which are suitable for most work, even 
if some selection or individual fitting of parts is desired. 

In choosing the class of fit for manufacture, the engineer should 
keep in mind that cost usually increases proportionately to the 
accuracy required, and no finer class of fit should be chosen than 
the functional requirements actually demand. It is axiomatic 
that the closer the fit, the smaller the manufacturing tolerance, and, 
usually, the greater the cost. The length of engagement of the fit 
also plays an important part in the selection of the class of fit for 
a piece of work. It is obvious that a long engagement will tolerate 
more looseness than a short one, and due regard should be paid 
to this feature. 

INTERNATIONAL STANDARDS 

Revision of the American tentative standard for allowances and 
tolerances for cylindrical parts and limit gages (B4a-i925) has been 
under consideration for several years. Meanwhile, the so-called 
“ISA System of Fits” has been dev eloped by a technical committee 
of the International Standards Association, a federation of the 
national standardizing bodies in 21 countries, including the Ameri- 
can Standards Association. The ISA System of Fits, established 
to create international uniformity of practice, has already been 
adopted in 15 countries as their national standard. The ASA com- 
mittee is studying the question whether the ISA system can be 
adopted, either in its original or a somewhat modified form, as an 
American standard. The British Standards Institution is making 
a similar study. 

A.S.M,E. SPECIFICATION PLAIN LIMIT GAGES 

The following specifications are for the purpose of establishing 
definite limits for plain limit gages rather than for the purpose of 
specifying the gages required for the various inspection operations. 


1 
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Gages are classified according to accuracy into Classes X, Y, and 
Z, the Class X being the closest to the extreme limits. The toler- 
ance limits on Classes Y and Z ‘^go’’ gages are placed inside the 
extreme product limits to provide allowance for wear of the gages. 
The tolerances on all ‘‘not go ” gages, however, are applied from the 
extreme product limit as the starting point, as no allowance for 
wear is necessary. The selection of gages from among these classes 
for use in the inspection of product depends entirely upon the speci- 
fications for the product. For example, Table 6, page 741, in the 
production of parts to Class 3, Medium Fit Specifications, Glass X 
gages may be required for all purposes. For parts made to Class i, 
Loose Fit Specifications, Class Z gages may be satisfactory for ah 
purposes. 

Gages should be tested periodically for wear and to ensure that 
they are properly distributed. When successive inspections in the 
same plant are involved, it is good practice to inspect all gages of 
the same nominal size against each other periodically and to 
distribute these gages so that the earlier inspections are made of 
those which are the greatest amount inside the component limits;, 
the later inspections will be made of those which are closest in size 
to the component limits. “Go’^ gages may be permitted to wear 
to the extreme product limits. It is purely a question of economy 
as to when the “not go” gage should be discarded. Continued use. 
reduces the available working tolerance on the product, and the 
resulting loss must be balanced against the cost of a new gage. 

Plain plug gages of i| inches, and less, diameter should be made 
with plug inserted in the ^handle and securely fastened. Plain 
plug gages of more than if inches diameter should have the gaging; 
blank so made as to be reversible. The “not go’^ plain plug gage, 
should be distinguished from the “go ” gage by having it noticeably 
shorter. 

Ring gages — both “go and “ not go "—should, if made circular,, 
have their outside diameters knurled. The “not go" ring shouldi 
be distinguished from the “go" ring by being noticeably thinner. 

Snap gages may be either adjustable or nonadjustable. It is'. 
recommended that all snap gages up to and including J inch be of 
the built-up t3^e. Sufficient clearance in the depth of the gage' 
should be provided to permit the gaging of cylindrical work. 

Snap gages for measuring lengths and diameters may have one 
gaging dimension only, or may have a maximum and minimum gag- 
ing dimension both on one end^or on opposite ends of the gage.. 
When the maximum and minimum gaging dimensions are placed 
on opposite ends of the gage, the maximum or “go " end of the snap. 

f age should be distinguished from the minimum or “hot go’’ and 
y having the corners of the gage on the “go" end noticeably 
chamfered. 

Dimensions recommended for plain plug, ring, and snap gages are 
given in tables that follow. 
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STAKDARD GAGES 

The American Gage Design Committee’s recommendations for 
gage standards have been accepted as of Jan. i, 1931 and are out- 
lined herewith. The two types of plug gages are shown in Figs- 



Range:Abo\/B 0.059 fo andmduding OSlO/ncfies; 
Opf zonal aJjo/e 1.510 to and Including Z.$I0 inches 

Fig. 20 



Range . Above 2.510 fo and zncluding 4.S/0/nches 


Fig. 21 

Figs. 20 and 21. — American Gage Design Standard Plain Cylin- 
drical Plug Gages, Details of Construction 

1. ^^Go” Gaging member. 9. Progressive gaging member. 

2. Not go ” gaging member, 10. Handle for reversible gage. 

3. Progressive gaging member. ii. Socket head screw. 

4. Shank. 12. Locking prong. 

5. Taper lock handle. 1,3. Locking groove. 

6. Drift hole (or slot). 14. Cross-pin hole, 

7. Go ” gaging member. 15. Hexagon head screw. 

8. “Not go” gaging member. 16. Web. 

20 and 21. The first holds the gaging plug in the handle by a taper 
of i inch per foot and is recommended froni 0.059 i-Sio inches but 
is^optional up to 2.510 inches. For larger sizes, the type shown in 
Fig. 21 is advised. Three prongs on the handle, 120 degrees apart, 
mate with corresponding grooves on the ends of the plugs and 
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prevent turning. Details of both types of handles are shown 
Thread plug gages are made in the same way. Only one drift 
hole is made in the taper handle, the other plug being driven out 
through a hole in the handle itself. Dimensions are given onlv 
for medium sizes. Complete dimensions are given in the'^c'o^nf 
mittee's report. 

Ring gages are shown in Fig. 22. On small sizes it is advised 
that a hardened-steel bushing be used in a soft-steel ring, as shown 
Large gages have a flange for easy handling. Not go” gaee«? 
have a ring turned around the body. 



e06AG£ NOT 60 gage 

Ran 0 e:MoyeO.O 59 foandmcludingO. 51 Om!J} 



6O GA6E NOT GO GAGE 


Range: Above QS/O/o andmc/udmglSWmches 



0O64GE NOT 6 O 6 A 6 E 

Range: Above ISJOfo and indudmgA.SIOhcbes 
LBody J, flange 

?.Bush)ng 4.Hub 

Fig. 22.— American Gage Design Standard Plain Ring Gages, 
Details of Construction 

Wear and Tolerance of Gages^ 

Gaging work is complicated by the fact that the gage maker 
must be allowed a tolerance and that gages wear in use. Many 
' msputes between production and inspection are due to worn gages 
in either or both departments. All gages should be inspected 
trequently; in some cases every hour, in others, every day dr week. 
It is customary in most shops to give the worn gages to production 
so that, if 1 me work does not pass the inspectors^ gages it can be 
salvaged. Others feel that inspection gages should have somewhat 
wider tolerances than those used by production. 

Gages should be uniformly hard although extreme hardness is 
not essential. For this reason high-carbon alloy steels are con- 


J. Bryant — Greenfield Tap & Die Corp. 
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sidered best for gages. Soft steel with a thin casehardening is apt 
to become bruised. In gaging extremely hard work, a file-soft gage 
is said to give longer life than a hard gage. It is more important to 
have gaging surfaces very smooth than extremely hard. 

Plug gages wear faster at the front end, and this must be con- 
sidered in setting wear limits. A gage should usually be discarded 
when it is 0.0002 inch small, J inch from the end, and 0.0001 inch 
small at the back end. Dirty work or work that has grit in the 
holes, as in grinding, wears gages rapidly. The use of dogs or 
clamps on gages increases the wear. Aluminum, brass, and cast 
iron wear gages much faster than soft steel. It is sometimes 
advisable to use a small amount of light lubricant when gaging dry 
brass or aluminum. Gages should be kept clean at all times. 

A general average for gage wear is 0.0001 inch per 1,000 gagings, 
when the gages are hard and lapped smooth. 

Gage makers’ tolerances allowed by the Greenfield Tap & Die 
Corp. are as follows: 



Table 15. — Gage Makers’ Tolerances* for Cylindrical Plug 
I ' Gages 


Class 


Size Range 


Tolerance 


X — Precision lapped, . for 
master and reference 


Y — Lapped finish, for in- 
spection and working 
gages 


Z— Ground finish, for 
wide manufacturing 
limits 


0.060-0.825 

0.00004 

0.826-1. sio 

0.00006 

1.511-2.510 

0.00008 

.2.511-4.510 

0.00010 

0.060-0.825 

0.00008 

0.826-1.510 

; 0.00010 

1.511-2.510 

0.00014 

.2.511-4.510 

0.00018 

0.060-0.825 

0.00010 

0.826-1.510 

0.00012 

1.511-2.510 

0.00018 

.2.511-4.510 

0.0002s 


* Tolerances are applied from basic plus for “go” and master gages and 
half the tolerance plus and half minus for “not go.” gages. 


Allowances for Wear 

^^ Go ” plug gages may be made larger than the minimum hole 
size, usually by the amount that represents the production tolerance 
for the gage, and in some instances a definite wear allowance is made 
in addition to the necessary production tolerance. Tolerances in 
one plant are shown in Table 15, which gives the regular gage 
maker’s tolerances used for plain plug gages, and in Table 16, which 
gives the ordinary gage maker’s production tolerances and allow- 
ances for thread gages. 

The wear on “not go” gages is considerably less severe than on 
“go” gages. Generally three “go” gages will be used to one “not 
go” gage. No allowances for wear other than the gage maker’s 
tolerance is provided on any “not go” gages. There are three 
practices regarding the applications of tolerances to the “not go” 
gage, as follows: 
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1. The tolerance is divided between plus and minus. 

2. Minus tolerance only is allowed on plug gages. 

3. Plus tolerance only is allowed on plug gages. 

Some manufacturers split the gage maker’s tolerance on the “not 
go ” gage. For instance, where the gage maker’s tolerance is 0.0002 
inch, the “not go” gage would be basic size plus or minus 0.0001 
inch. 

The National Screw Thread Commission’s Report makes the gage 
maker’s tolerance minus on “not go’’ plug gages. 

The General Motors standard specification for pitch diameter on 
“not go” screw-thread gages is the maximum hole size plus gage 

Table 16. — ^Tolerances eor All “Go” and “Not Go” Threab 
Gages 


Threads 
per Inch 

Pitch D: 

Class X 
from 0 to 

iameter, in 

Class 

From 

Inches* 

iXX 

To 

Lead, in 
Inches 

±t 

Half- 
Angle of 
Thread, 
Minutes 
± 

r Major 
and 
Minor 
Diameter, 
in Inches 

80 

0.0002 

0.0001 

0.0003 

0.0002 

30 

0.0003 

72 

0.0002 

0 , 0001 

0.0003 

0.0002 

30 

0.0003 

64 

0.0002 

0.0001 

0.0003 

0.0002 

30 

0 . 0004 

S6 

0.0002 

O.OOOI 

0.0003 

0.0002 

30 

0.0004 

48 

0.0002 

0 . 0001 

0.0003 

0.0002 

30 

0.0004 

44 

0 . 0002 

O.OOOI. 

0.0003 

0.0002 

20 

0 . 0004 

40 

0 .0002 

0 . 0001 

0 . 0003 

0.0002 

20 

0.0004 

36 

0.0002 

O.OOOI 

0.0003 

0 . 0002 

20 

0 . 0004 

32 

0.0002 

0.0001 

0 . 0003 

0.0003 

IS 

0 . 0004 

28 

0.0002 

0.0001 

0.0003 

0.0003 

IS 

0.000s 

24 

0.0002 

O.OOOI ! 

: 

0,0003 

0.0003 

IS 

0 . 0005 

20 

0.0003 

O.OOOIS i 

0,0004s 

0.0003 

IS 

0 . 0005 

18 

0.0003 i 

O.OOOIS i 

0.0004s ! 

0.0003 

10 

0.000s 

16 1 

0.0003 1 

O.OOOIS 

0.0004s 1 

0.0003 

10 

0.0006 

14 1 

0.0003 

O.OOOIS ; 

0.0004s 

0.0003 

10 

0,0006 

13 

0.0003 

O.OOOIS 

0.0004s 

0.0003 

10 1 

0.0006 

12 

0 . 0003 

O.OOOIS 

0.0004s ! 

0.0003 

10 i 

0.0006 

II 

0.0003 

0.00015 

0.0004s 

0.0003 

10 

0.0006 

10 

0.0003 

O.OOOIS 

0. 0004s 

0.0003 

10 

0.O006 

9 

0.0003 

O.OOOIS 

0.0004s 

0.0003 

10 

0.0007 

8 

0.0004 

0 . 0002 

0.0006 

0 . 0004 

5 

0.0007 

7 

0.0004 

0.0002 

0 . 0006 

0.0004 

3 

0.0007 

6 

0.0004 

0 . 0002 

0.0006 

0.0004 


0.0008 

s. 

0.0004 

0.0002 

0.0006 

0.0004 

'S''.. 

0.0008 


0.0004 

0 . 0002 

0 , 0006 

0,0004 

.5 ; 

0.0008 

4, 

0 . 0004 

0.0002 

0.0006 

0.0004 

S 

0 . 0009 

3i 

0.0004 

0.0002 

0.0006 i 

0.0004 

S 

0 , 0009 


* On " go plugs, the tolerance is plus ; on “ go " rings, minus ; on ' ‘ not go’* * 

plugs, minus; and on "not go” rings, plus. | 

t Allowable variation in lead between any two threads not farther apart | 

than the started length of engagement, wmch is equal to the basic major [ 

'diameter. 
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maker’s tolerance applied as follows: plus 0.0002 inch on sizes i to 
3^ inch, inclusive, and maximum hole size to 0.0003 inch plus on 
sizes f to I J inches. The corresponding *'go” tolerances are from 
basic size to plus 0.0002 inch on sizes i to inch, and basic to plus 
0.0003 inch on sizes I to I J inches. 

It will be seen that by following the first and last practices we are 
liable to have gages that measure outside the production tolerance. 
However, with the general ruling that the '‘not go” cylindrical gage 
must not pass through the hole being gaged and a ruling of a 
Government inspection department that a "not go” thread gage 
must not enter more than two turns, it is easily demonstrated that a 
gage 0.0001 inch or even less under the nominal size will easily pass 
through a hole that is to size. This means that good work will 
be rejected if the gage manufacturing tolerance is minus and the 
"not go” gage is undersize. 

As a matter of fact, under most working conditions it is possible 
to pass a gage through a hole that is 0.0001 inch smaller than the 
gage by using pressure, but this is not recommended. This condi- 
tion should be taken into consideration if we are to rule that work is 
acceptable only when the "not go ” gage does not enter, and it seems 
that the "not go ” gage should be permitted to have a plus tolerance. 

From the foregoing it is evident that the product will be little if 
any over the production limits if either the first or last of these 
practices is followed. As the wear tends to reduce the size within 
the production limits, it seems that the General Motors application 
on thread gages is the more economical and would lead to no 
difficulty on properly designed parts. 

It must be remembered that using a minus gage-production 
tolerance on "not go” plug gages greatly reduces the working 
tolerance in producing the parts, particularly where these tolerances 
are between 0.0005 and 0.002 inch. The general working tolerances 
for various classes of interchangeable cylindrical fits, as given in the 
American Standard^ are shown in Table 17, and the National Screw 
Thread Commission’s Class-2 and Class-3 pitch-diameter tolerances 
for thread-gage work are shown in Table 18. 

Applying the "not go” gage tolerance on the minus side may 
reduce the production tolerance by 20 per cent or more. There is 
no danger in making the "not go” gage tolerance plus or minus 
one-half the gage maker’s tolerance as the permissible error would be 
much greater than the gage tolerance, in nearly all cases. 

There is an old fallacy that a i-inch plug gage will not enter a 
I -inch ring gage. In reality, the plug may be 0.0001 inch larger 
than the hole and be forced in by hand with d a little lubricant, but 
it is not good practice. Even with gages men have different ideas 
as to how easily they should go in, or on. Some use force and 
spring the gage or the work, others let them drop over by their own 
weight. Accurate measuring devices will show how much these two 
methods vary in actual sizes. 

In many cases worn gages will return to size if laid away for a year 
or two. Some people plate worn gages with chromium to restore 
size and give a hard surface; and although some find this successful, 

i See American Engineering Standards Committee Report B4a — 1925, 
Tolerances, Allowances and Gages for Metal Pits. 
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Taele i8.-"Nation-al Screw Thread Commission's Prodegx 
Limits and Inspection-Gage Tolerances on Pitch Diameter 


Pitch 

i Class 2* 

Product 

Class 3 ,* 
Product 

Class X.f 

Gage 

80 

0.0017 

0.0013 

0.0002 

72 

0.0018 

0.0013 

0 . 0002 

6 a 

0.0019 

0.0014 

0.0002 

50 

0,0020 

0.0015 

0.0002 

48 

0.0022 

0.0016 

0.0002 

44 

0.0023 

0.0016 

0 . 0002 

40 

0 . 0024 

0.0017 

0.0002 

36 

0.0025 

0.0018 

0.0002 

32 

0.0027 

0.0019 

0.0002 

28 

0.0031 

0.0022 

0.0002 

24 

0 . 0033 

0.0024 

0.0002 

20 

0.0036 

0.0026 

0.0003 

18 

0.0041 

0 . 0030 

0.0003 

16 

0.004s 

0.0032 

0.0003 

14 

0 . 0049 

0 . 0036 

0.0003 

13 

0.0052 

0.0037 

0 . 0003 

12 

0.0056 

0^0040 

0 . 0003 

II 

0.0059 

0 . 0042 

0.0003 

10 

0.0064 

0.004s 

0.0003 

9 

0.0070 

0.0049 

0.0003 

8 

0.0076 

0.0054 

0.0004 

7 

0.008s 

0.0059 

0 , 0004 

6 

O.OIOI 

0.0071 

0.0004 

S ' 

0,0116 

0.0082 

0.0004 

4l 

0.0127 

0.0089 

0 . 0004 

4 

0.0140 

0.0097 

0.0004 


* On products, the maximum hole is basic size plus the amount ^ven for 
tolerance on the pitch diameter and the minimum screw is basic minus the 
amount given for tolerance on the pitch diameter. basic size is mini- 

mum for the hole and maximum for^the screw. 

I t On “go” plug gages, the tolerance is plus; bn “go ring gages minus; on 

I “not go'* plug gages, minus; and on “not go” rings, plus. Check gages or 

I setting plugs for nng gages take the same tolerance as the ring. 

i others complain that the plating flakes off, evidently the result of 
improper plating methods. 

Tungsten carbide is used in some gages where they are used in 
mass production so that the cost is justified. Others use diamond 
^ contact points in special gages. For most work a good alloy steel, 

I uniformly hardened and lapped very smooth after grinding, gives 

^ satisfactory results. 

Many gage makers and users feel that smoothness is more impor- 
! tant than hardness to insure long gage life. Modern grinding prac- 
tices permit much smoother surfaces than were formerly thought 
possible. Finishes of from i| to 4 micro-inches (millionths of an 
inch) are now being produced commercially on Blanchard and other 
f surface grinding machines. 
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Tolerances for Plain Plug, Ring, and Snap Gages 



Tolerances foi 

r “go” 

gages 1 


_ Tolerances for 

Size of 
gage, 

Class X 1 

Class Y 

LlaS! 

s Z “not go ” 

gages 

inches 

Limits, 

inch 

1 Tol., , 
inch 

Limits, 

inch 

Tol., 

inch 

Limits, 

inch 

Tol., Limits, 
inch inch 

Tol., 

inch 

0-2 incl. 

0.0000 

1 

0,0001 

0.0001 

lo.oooi 

0.0002 

0.0001 0.0000 

0.0001 


0.0001 


0,0002 


0.0003 



2-4 

0.0000 

0,0002 

o.oooi 

0.0002 

0.0003 

0.0002 0.0000 

0.0002 


0.0002 


0.0003 


0.0005 



4“6 

0,0000 

0.0003 

0.0002 

0.0003 

0.0005 

0.0003 0.0000 

0.0003 


0.0003 


6,000s 


0.0008 



6”8 

0.0000 

0.0004 

0.0003 

0.0004 

0.0006 

0.0004 0.0000 

0.0004 


0.0004 


0.0007 


0.0001 




I GRINDING LIMITS FOR CYLINDRICAL PIECES 

It is Brown and Shppe practice to consider the hole as being 
standard, and the limits shown below are based on the standard 
hole. The grinding limits for holes apply to hardened pieces. 
The holes in soft pieces are chucked to standard diameter. It is 
possible that where both parts are hardened, closer limits may be 
necessary, assuming the parts are to be assembled without fitting. 

Running Fits — Ordinary Speeds 

These limits are satisfactory for shafts running under 600 revolu> 
tions per minute and under ordinary working conditions. Spindles 
for ail purposes are to be considered as special cases. 

To i-inch diameter, inclusive. . .... 0.0005 to o.ooi Small 

To i-inch diameter, inclusive. .... 0.00075 to 0.0015 Small 

To 2-inch diameter, inclusive. .... 0.0015 to 0.0025 Small 

To 3 i-inch diameter, inclusive. .. . 0.002 to 0.003 Small 

I To 6-inch diameter, inclusive 0.0025 to 0.004 Small 

Running Fits-High-Speed, Heavy-Pressure, and Rocker 
Shafts 

These limits are satisfactory for shafts running more than 600 
I revolutions per minute and where the workings conditions are 
severe. Spindles for all purposes are to be considered as special 
, cases."',. 

o . 0005 to o . 001 Small 

O.OOI to 0.002 Small 

0.002 to 0.003 Small 

0.003 to 0.004 Small 

o . 004 to o , 005 ' Small 

Sliding Fits 

These limits are for shafts where a gear, clutch or other similar 
‘ part slides on it continuously while the machine is in operation, 
I These limits are the same as for Running Fits— Ordinary Speeds.” 


To t-inch diameter, inclusive. 
To I-inch diameter, inclusive. 
To 2 -inch diameter, inclusive. 
To 3 i-inch diameter, inclusive 
To 6-inch diameter, inclusive. 
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To i-incli diameter, inclusive. . . . . o . 0005 to o . 001 Small 

To i-inch diameter, inclusive. . . . . 0.00075 0.0015 Small 

To 2 -inch diameter, inclusive. ... . 0.0015 to 0.0025 Small 

To 3i“inch diameter, inclusive. . . . 0.002 to 0.003 Small 

To 64 nch diameter, inclusive 0.0025 to 0.004 Small 

Standard Fits — ^Where the Load Is Not Heavy and Where 
THE Part Is KIeyed to the Shapt and Clamped Endwise 
WITH A Nut 

These limits are suitable for light service only and where no 
fitting is to be done. 

To i-inch diameter, inclusive Standard to 0.00025 Small 

To 3i-inch diameter, inclusive. . . . Standard to 0.0005 Small 

To 6-inch diameter, inclusive Standard to 0.00075 Small 

These limits are to be used where it is desirable or essential that 

the parts fit together without play, and still be put together or 
taken apart without difficulty. Some fitting may be required and 
also some selecting may be necessary to attain the proper results. 

To i-inch diameter, inclusive. .... Standard to 0.00025 Large 

To 3i-inch diameter, inclusive Standard to 0.0005 Large 

To 6-inch diameter, inclusive Standard to 0.00075 Large 

Driving Fits 

For use where parts must fit tightly and where the location of the 
parts is such that they could not be put together if the drive was 
too great. These limits will apply where the assembly is permanent. 

To i-inch diameter, inclusive. Standard to o . 0002 5 Large 

To I-inch diameter, inclusive. ... . 0.0025 to 0.0005 Large 

To 2-inch diameter, inclusive. o . 0005 to o . 00075 Large 

To 6-inch diameter, inclusive, . ... 0.0005 to 0.001 Large 

Driving Fits 

To be used where the assembly is permanent and the duty severe, 
and where there is room for the handling and driving of the parts. 

To 2-inch diameter, inclusive. .... 0.0005 to 0.001 Large 

To 3i-inch diameter, inclusive. . . . 0.00075 to 0.00125 Large 

To 6-inch diameter, inclusive. 0.001 to 0.0015 Large 

Forcing Fits 

These limits may be used where parts are not expected to be 
taken apart and where service is very severe. This assembling is 
done under the arbor press for the smaller parts and under the 
hydraulic press for larger parts. 

The method of forcing the parts together and the length of the 
parts will have influence on how large to leave the shaft. 
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To |~inch diameter, inclusive. .... 0.00075 to o.ooi Large 

To i-inch diameter, inclusive. .... 0.001 to 0.002 . Large 

To 2 -inch diameter, inclusive. .... 0.002 to 0.003 Large 

To 3l"inch diameter, inclusive. . . . 0.003 to 0.004 Large 

To 6”inch diameter, inclusive 0.004 to 0.005 Large 

Shrinking Fits— -kor Pieces to Take Hardened Shells f Inch 
Thick and Less 

To i-inch diameter, inclusive 0.00025 to 0.0005 Large 

To 2-inch diameter, inclusive 0.0005 to 0.00075 Large 

To 3i-inch diameter,^ inclusive. . . . 0.0005 to 0.001 Large 

To 6-inch diameter, inclusive 0.001 to o . 001 5 Large 

Shrinking Fits— eor Pieces to Take Shells, Etc., Having a 
Thickness oe More than f Inch 

To |-inch diameter, inclusive. . . . . 0.0005 to 0.001 Large 

To I -inch diameter, inclusive. ... . 0.001 to 0.002 Large 

To 2-inch diameter, inclusive. ... . 0.002 to 0,003 Large 

To 3 |-inch diameter, inclusive. .. . 0.003 to 0.004 Large 

To 6~inch diameter, inclusive 0.004 to 0.005 Large 

Grinding Limits eor Holes 

To 2 -inch diameter, inclusive. .... Standard to 0.0005 Large 

To 3 i-inch diameter, inclusive. . . . Standard to 0.00075 Large 

To 6-inch diameter, inclusive, . . . . Standard to 0.001 Large 

BRITISH ENGINEERING STANDARDS ASSOCIATION^ 
British St^dard Limits and Fits for Engmeering 

The basis of the tables herewith being a hole basis, the limiting 
dimensions of any hole of a particular quality and size remain 
unchanged, and varieties of fit are obtained by varying the actual 
dimensions of the shaft. The Association recognizes that excep- 
tions to this rule are necessary in certain classes of work. 

Table 19 gives both unilateral and bilateral limits of tolerance 
for holes. In the unilateral system, the nominal size is the low 
limit of the hole; in the bilateral system, the nominal size lies 
between the high and low limits of the hole. The Association 
recommends the use of the unilateral system as applied to cylindri- 
cal mating surfaces in cases where it does not conflict with predomi- 
nating present practice. 

Table 20 gives the recommended limits of tolerance for a standard 
series of graduated shafts suitable for pairing with either the 
unilateral or bilateral holes. Table 2 1 shows the numerical values 
of the limits of fit resulting from the assembly of any one of the 
standard shafts in a particular unilateral hole and a particular 
bilateral hole. The particular holes chosen for these numerical 
epmples are identified by the symbols U and X (Table 19) respec- 
tively, and they have been selected because the tolerances on 
these holes are those most commonly employed. The numerical 
values of the limits of fit resulting from the assembly of the standard . 


1 Permission of British Engineering Standards Association. 
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shafts in any of the other holes specified in the tables can be arrived 
at by simple arithmetical calculation. 

The effect of transferring any standard shaft from a bilateral 
hole to a unilateral hole tends either to increase the clearance or 
to decrease the interference; in short,. it makes the fit easier. 

Table 19 provides four standard grades of workmanship for 
holes, in which B (unilateral) and K (bilateral) holes represent the 
most accurate grade, while U (unilateral) and X (bilateral) holes 
represent those most commonly employed. Unilateral holes V, W, 
and bilateral holes Y, Z, have larger tolerances. 

Table 19 also provides for the use of three holes A, G, H, each 
with two positive limits of tolerance. These are called oversize 
holes. They are common to both the unilateral and bilateral sys- 
tems, and are included in the tables to meet exceptional conditions. 

The range of the tables is from o to approximately 25 inches 
(635 millimeters) in diameter. The nominal sizes are specified in 
ranges and the length of each range is such that at each change of 
range the tolerance increase on U and X holes is two ten-thousandths 
of an inch. 

The table of shafts, which is common to the unilateral and bilat- 
eral systems, provides for a series of fourteen different fits with 
reference to any particular hole by progressively changing the dispo- 
sition of the tolerance in relation to the nominal size. The tolerance 
itself remains unchanged for all shafts in the table from F to M 
inclusive. These shafts are of the same grade of workmanship 
as a B hole. Shafts Q, R, S, T, TT are given increasing tolerances 
because they are all considerably undersize and, therefore, provide 
increasing amounts of clearance when assembled in any hole. 

The range of fits provided by the full series of shafts is divided 
into three' main classes, which are defined as Interference, Tran- 
sition and Clearance Fits. These terms are recommended for 
use when specifying a class of fit. Terms such as push fit, etc., 
which are in common use but have no numerically exact meaning, 
are not recommended, but their approximate application to the 
table has been indicated in the diagram in order that the new 
standards may be more readily applied to existing practice. When 
the exact nature of a fit has to be named, it is recommended that the 
symbols of the hole and shaft be used in combination, /or example, 
UR, and marked on the assembly drawing in this form. The draw- 
ing of the hole and the drawing of the shaft can then be marked 
U and R respectively in combination with the nominal size, for 
example, iii reference to the nominal size if, if inches U, if inches 
R, or the limits of tolerance can be specified in figures if preferred. 

The Association recommends, in the interests of uniformity and 
lucid termmology, that where different classes of fit have to be 
described in general terms, the following definitions should be 
employed: 

1. ‘'Clearance wh&ve there is a positive allowance between 
the largest possible shaft and the smallest possible hole. 

2 . “ Interference jU*\ where there is a negative allowance (obstruc- 
tion) between the largest hole and the smallest shaft, the shaft 
being larger than the hole. 
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3. Transition fit ^^ covenng cases between (i) and {2) y that is, 
cases in which the limits admit of either clearance or interference 
fits being obtained. 

Size Multiplier w and Range Factor n- — ^Values of w, the size 
multiplier, for nominal sizes from Zero to 25.29 inches (632.49 
millimeters) and r, the range factor, are given respectively in the 
first column and the last line of the tables. 

The limit values in the tables are found by multiplying together 
these quantities m and r, odd half-ten- thousandths being eliminated 
by subtracting such odd amounts from the products in which they 
occur, negative products thus becoming more negative. 

Example i. —To find the limits for a 2|-mch U hole. 

The value of w corresponding with ai-inches is 8; see table on 
page 772. 

The value of r for the high limit of U = 2 (in ten-thousandths of 
an inch). 

The value of r for the low limit of U = o. Hence required limits 
are + 0*0016 inch and + 0. 

Example 2 —To find the limits for a 6i-inch X hole. 

The value of w for 6i-inches = 12. 

The value of r for the high limit of X ~ +1. 

The value of r for the low limit of X = —I. 

Hence required limits are ± 0.0012. 

Example 3, — ^Assuming that the minimum hole passed by a plug 
limit gauge be 0.0003 inch greater than the tabular low limit for a 
4j-inch X hole, what actual clearance will such a hole afford a 4i- 
inch R shaft when the latter is only 0.0002 inch below its tabular 
high limit? 

The value of w for 4J inches = II. 

The value of r for the low limit of X = —i. 

The values of r for R = —0.3 and —0.5. 

Hence minimum hole the gauge will 

accept = 4I inches — 0.001 1 inch 
+ O.0003 inch 
= 4I inches — 0.0008 inch. 

Actual size of shaft = 4J inches — 0.0033 inch 0.0002 inch. 

= 4I inches — 0.0035 inch. 

Hence clearance = 0.0035 inch — 0.0008 inch =* 0.0027 inch; 
which is (0.0003 + 0.0002) or 0.0005 i^^ch greater than the figure 
given for minimum clearance in the Table of Fits, page 774. 

Automatic and Air Gaging 

Automatic gaging in the finishing of parts is almost entirely 
confined to grinding. The Heald method uses a “go and “not go 
gage applied to the work through the hollow work spindle. Bryant 
and Norton use electrical contacts to cut out the feeds when the 
correct size is reached. Landis uses a low-pressure air jet that 
strikes the work between two hard-faced shoes that form a V 
against the work. As the diameter of the work decreases the air 
nozzle approaches the work and builds up a back pressure that 
forces a mercury column into a contact that closes a solenoid circuit 
and withdraws the wheel from the work, Air gages are also used 
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Table 19.— British Standard Limits and Fits tor Engineering Unilateral, Bilateral, and Oversize 

Holes British System, in Inches . — Contmmd - : 
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7^0 MEASURING AND FITTING 

m inspection work, the back pressure showing on a dial gatrA 
These are set with master pieces so that a variation of 
5 pounds^ on the gage, (about i in. on the dial) may mean onlv 
o.ooi^ inch m the piece. Such gages do not actually measure but 
work is within the desired tolerance. 

Machines have also been built to inspect such complicated nippAc 
as cam shafts for V-8 engines. A conveyor carries the cam shaft 
past gages that check each dimension. If any tolerance is exceedS 
the part is marked automatically, and the cam shaft goes to thp 
rejected pile when it reaches the end of the conveyor. 

PRESS AND SHRINK FITS 

Press fits c^tinue to be widely used in building many classes nf 
are probably the greatest userfofX 
method of holding parts together, as practiced in fitting car trurt 
and driving wheels on their axles and in holding crankpins in 
driving-wheel bosses. The methods used in railroad shops are the 
result of long years of experience by practical mechanics, who have 
attained great sbll m handling this kind of work. A careful studv 
of the methods and data given under Press Fit Practices, beeinning 
on page 1177 will be found helpful in many lines of work besides 
tfiat of the railroad. 

Although inside micrometers are recommended for the closp 

measurement of holes into which axles, crankpins, or shafts of anv 
bnd are to be forced, the use of calipers or pin gages, as shown on 
pages 721 to 724, has proved very accurate when the directions 
given are carefully followed. ' 

With the hole surrounded by a heavy hub, it requires less allow- 
ance than the rule-of-thumb one-thousandth of an inch per inch 

.tn'cT With both shaft and hole round 

and smooth, one-half of this allowance will usually give a good fit 
burface finish and roundness are of great importance. With both 
smoothly it has been found that the parts could be 
forced together and separated, several times, with little appreciable 
difference m the pressure required. 

In this connection it is suggested that the railroad practice of 
including a slight taper at one end of the fitted surface be carefullv 
considered. This is mentioned in the fitting of both axles and 
crankpins, on pages 1178 and 1181. ^ ' 

times, it is a mistake to assume 
that the greater the difference in diameter the tighter will be the 
fit I his is only true up to the point where the distortion of the 
the^^aterKl^^^ the hole does not go beyond the elastic limit of 
ic this happens, the hole stretches and the fit 

IS bss tight than it would be if the force allowance was considerably 

study of Tablcs 7 to 13 inclusive will prevent glaring 
errors being made in selecting allowances for press fits. ^ 

Shrink Fits 

P^^ss fits the experience of the railroads in shrink fits will 
be found very helpful. In view of the number of locomotive 
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I in use on locomotives and cars, it is doubtful that any other indus- 
• try makes an equal number of shrink fits, certainly not in the sizes 
I which are common practice on modern railroads. 

! Pages 1 1 74 to 1176 contain much information on the shrinking 
of tires. Here it will be noted that the amount of shrinkage is about 
the ruie-of "thumb amount of one-thousandth inch per inch of 
diameter for both truck and driving-wheel tires. The present prac- 
tice is to have retaining rings in addition to the shrink fit, to prevent 
side movement of the tire when heated by excessive braking. 

Taper Fits 

In fitting such parts as turbine and generator couplings, press and 
shrink fits on tapers are often used. Table 22 offers a convenient 
I source for this essential information. Even a taper as great as 3 
f inches to the foot may be used on turbine or generator work in order 
i to prevent the coupling from sticking when it is pulled on tight with 
f a fine- thread nut on the shaft. 

^ In the table, the first vertical column gives the size of the hole in 
inches; the second gives the allowance for a press fit or, in other 
words, the oversize of the stock. The top horizontal line shows the 
series of tapers per foot; the remaining lines give the length to allow 
for tightening in both thousandths and fractions of an inch, in order 
to make it usable even by shops that do not have micrometers in 
their equipment. 

, Example i.— It is required to fit in 6-inch coupling on a turbine 
i spindle with a zj-inch taper per foot of length. The standard 
I diameter allowance for a 6-inch press fit is 0.009 inch. Enter the 
1 table at 6-inch size of hole, follow horizontally to the vertical 

i column under 2I' inches taper per foot. This gives 0.045 inch in 

decimals or ^ inch in a fraction to the nearest sixty-fourth. 

I Example 2. — It is required to fit a 6-inch diameter crankpin 
having a inch per foot taper. The allowance for press would 
again be 0.009 inch. Follow the horizontal column headed by 
6-inch size of hole to the vertical column headed by -^-inch taper 
per foot of length. The allowance here is i .728 inches or iff inches 
to the nearest sixty-fourth. 

i Expansion Fits^ 

j Expansion fits are made by cooling the inner member, which 
i is larger than the hole into which it goes, so that it Will enter the 

' hole and be tight when it warms up to room temperature. This is 

’ used where it is not practicable to heat the outer member, as in 

j shrink fits. A common use is in fastening the hard exhaust valve 
I seats used in gasoline mofors. Either dry ice (solid carbon dioxide) , 
which becomes a gas at — iio°F., or liquid air (— 3io°F.) is used. 
These give a cooling range of 180 and 38o°F. at room temperature. 

■ Approximate contraction of different metals is given in Table 23, 

^ which shows that a 2i-inch brass bushing will contract 2.5 X 0.0031 

j or 0.0077 inch in liquid air or 0.00375 inch with dry ice; this would 

i,, 1 Data from United States Bureau of Standards, Lindie Air Products, and 

others. 
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make its diameter 2.4923 inches or 2.4972S inches, depending upon 
which was used. Smaller fit allowances are needed than in shrink 

fits 

To find the difference in size of the mating parts, subtract the 
allowances in Table 24 from the contraction obtained from Table 23. 
This gives the diameter of the brass bushing as 2.0057 inches for 
liquid air or 2.00175 inches for dry ice, if the hole is bored 2 inches, 
or holes 2.4943 inches or 2.4992s inches if the bushing is turned 
exactly 2J inches. On small work, fits can be made by heating the 
outer member in boiling water in addition to cooling the inner piece. 
Table 23 shows the expansion due to the heat of the water over room 

temperature. These are called ‘‘compound fits.’' 


Table 23, — ^Linear Change in Metals for Specified 
Temperature Changes (Approximate) 


Metal 

Contraction per Inch of 
Length or Diameter from 
Room Temperature 
(70°P.) 

Expansion 
per Inch 
from Room 
Temperature 


With Liquid 
Air 

(- 3 I 0 °F.) 

With Solid 
CO2 

(-iio°F.) 

(Heat to 
Boiling 
Water) 

Aluminum 

0 . 0038 

0.0018 

0.0018 

Brass. 

0.0031 1 

0.0015 

0.0015 

Bronze. . 

0.0038 

0.0018 

0.0014 

Cast iron. 

0.0018 

0.0008 

0.0008 

Copper. 

0 . 0029 

0.0014 

0.0012 

Monel. 

0.0025 

0.0012 

0 . 001 I 

Nickel 

0.0021 

0.0010 

0.0010 

Steel. 

0.0020 

0.0009 

0.0008 


Table 24. — Allowances or Tolerances for Sliding Fits 
Pit Diameter, Allowance in Inches 

IN Inches Close Moderate 

J. ......................... . 0.00025 to 0.0005 

1. 0.0005 to 0.001 

2.. ..... . o. 001 to 0.002 

3J. 0.002 to 0.003s 

6.. .................. .. . 0.003 to 0.005 

SHRINKING MACHINE PARTS WITH DRY ICE 

Shrinking machine parts by the use of dry ice includes details* 
which the average machine shop employee may not be familiar 
with. Take a shaft made of soft steel, 12 inches in diameter, to be 
shrunk with the use of dry ice, so that it can be pressed into a 
machined part, which, when the shaft has been allowed to cool to 
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normal temperature after freezing, will make the two parts fit 
together as though made of one piece. If the shaft, which has a 
coelhcient of expansion of 0.0000063 in., is reduced in temperature 
by 100 F., it will have shrunk approximately 0,00756 inch in 
diameter. This is found by multiplying the diameter, 12 inches 
by the drop in temperature, ioo°F., and then by the coefficient. ’ 

To determine the reduction in temperature to which a part must 
be subjected to obtain a desired shrinkage, divide the amount of 
shrinkage needed by the product obtained through multiplying 
the diameter by the coefficient of expansion. To shrink a 12-inch 
diameter shaft of soft steel 0.010 inch, the desired shrinkage is 
divided by 12 times the coefficient (0.0000063), resulting in about 
i 33®F. This is the necessary drop in temperature to obtain the 
0.01 inch shrinkage. It is necessary to know the specific heat, as 
well as the* coefficient, of the particular metal to be shrunk. The 
coefficients of expansion and specific heat for various metals are 
given here for ready reference. 

The formula employed, knowing the specific heat and the coeffi- 


Metal 

Coef. of 
Expansion 

Specific 

Heat 

Aluminum 

0.0000128 
0.0000104 
0.0000107 
0.0000094 
0.0000923 
0.0000065 
0. 6000063 
0.0000056 
0.0000102 

0.207 

0.088 

0.096 

0.104 

0.0915 

0. 10 1 
0.107 
0.104 
0.095 

Brass, cast. 

rolled. 

Bronze 

Copper. 

Iron, pure ........................... 

Steel, soft 

hard. 

Nickel silver 



cient, is the following: Multiply specific heat by the weight of the 
material to be shrunk, and the resultant product by the needed 
temperature drop. Divide the result by 250, which is the number 
of B.t.u. in dry ice at low tempf^ratures. This will give the weight 
in pounds of dry ice necessary. 

Alcohol can be used in conjunction with dry ice to speed up the 
rate of heat transfer in a part being shrunk, by using a watertight 
container, ^ The part is placed in this container; alcohol is poured 
over the piece and chunks of dry ice are dropped into the liquid. 
The alcohol causes the dry ice to boil, assists heat transfer, and 
causes the part to be cooled in a shorter time. 


Ad 



SECTION XVII 


TAPERS AND DOVETAILS' 

measuring TAPERS 

An Accurate Taper Gage 

The gage illustrated in Fig. i is an exceedingly accurate device 
for the gaging of tapers. ; 

It is evident that if two round discs of unequal diameter are 
placed on a surface plate a certain distance apart, two straight edges 
touching these two discs will represent a certain taper. It is also 
evident that with the measuring instruments now in use it is a 
simple matter to measure accurately the diameters of the two 
discs, and the distance these discs are apart. These three dimen- 



sions accurately and positively determine the taper represented by 
the straight edges touching the rolls. If a record is made of these 
three dimensions, these conditions can be reproduced at any time, 
thus making it possible to duplicate a taper piece even though the 
part may not at the time be accessible. 

The formulas on the following pages may be of service in connec- 
tion with a gage of this character. 

Formulas for Use in Connection with Taper Gage 

To find center distance (I), refer to Fig. 2. 
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Diameter of small disc == sr. 


Diameter of large disc = 2 R. 

To find taper per foot (T), refer to Pig. 4* 




R = + (6 - a)‘ - (6 - o) j. 

= 3 fi. 

b (T), refer to Pig. 4. 

\Vl^ - CK - r)v 

ids, r< 

Vr 


To find width of opening at ends, refer to Pig. S. 


(R - r) 


' + (R - r) 


Width of opening at small end « 2 a. 


Width of opening at large end «=» 2 &. 


Applications of Formtilas 
To Find Center Distance between Discs 


Suppose there are two discs, as shown in Fig. 2, whose diameters 
are respectively 1} and i inch. It is desired to construct a taper of 
I to the foot, and the center distance I between discs must be deter- 
mined in order that the gage jaws when touching both discs shall 
give that taper. 

Let R = radius of large disc, or 0.625 inch. 
r = radius of small disc, or 0.500 inch. 

^ = taper per inch on side, or 


Then 


= 0.03125 inch. 
24 

R^r I 


_ 0-X25 . I 

0.0312s 


[.000976 
' 4 X i.ooos = 4.002 inches. 


To Find Disc Diameters 


Suppose the gage jaws are to be set as in Fig. 3 for a 3 inch 
per foot taper whose length is to be 4 inches. The small end is 
to be exactly J inch and the large end for this taper will, therefore, 
be I J inches. What diameter must the discs be made so that when 
the jaws are in contact with them and the distance X over the discs 
measures 4 inches, the taper will be exactly 3 inches per foot? 
Here a represents one-half the width of opening at the small end, 
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Fig. 3 


Fig. 2 
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Fig. s 

Fig. 5. — Setting Taper Gage with Discs 

and I one-half the width of opening at the large end. The radius of 
the small disc may be found by the formula: 


(V 

5(4 
= c 

H 


r «= ^ Q 2^ ^ 

= 0.0625(4.0311 + 0.5) “ 0.2S32, 

Diameter of small disc = 0,2832 inch X 2 = 0.5664 inch. 
For the large disc: 

R ■■ 


L2 + (6 - fl)2 - (b 


-«)[• 
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Tlien 

»= 0.1875(4-0311 ~ 0.5) = 0.6621.. 

Diameter of large disc = 0.6621 incii X 2 == 1.3242 inches. 

To Fiistd Taper per Foot 

In duplicating a taper, the gage jaws may be set to the model, and, 
by placing between the jaws a pair of discs whose diameters are 
known, the taper per foot may be readily found. For example, the 
jaws in Fig. 4 are set to a certain model, two discs 0.9 and i.i inch 
diameter are placed between them and the distance over the discs 
measured, from which dimension I (which is 3.5 inches) is readily 
found by subtracting half the diameters of the discs. Here I 
represents the center distance as in Fig. 2. To determine the taper 
per foot which may be represented by T, the formula is; 


^ (V l2.25 - 0,0. ) 


Taper per foot =» 0.6S4 inch. 

To Find Width op Opening at Ends 

If, with the ends of the gage jaws flush with a line tangent to the 
disc peripheries as in Fig. 5, it is required to find the width of the 
opening at the small end, where a represents one-half that width, 
the following formula may be applied, the discs being as in the last 
example 0.9 and i.i inch diameter, respectively, and the center 
distance 3.5 inches: 

' . ~ (R-rj 

^\lnr(R~r) 

Then a « o.45\/ — ■ " 

\3.S + (0,55 - 0.45) 

- 0-45 *= 0.4sV'o.94444 =» 0.4373. 

0.4373 inch X 2 = 0.8746 inch, width of opening at smaU end of 
gage. 

Similarly the width of opening at the large end of the gage may be 
found as follows, where b = half the width of the large end. 


6 - R- 
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Then 


O.SS 


VE 
"■“Vm 


.5 + (0.55 ~ 0.45) 
,5 - (O.SS - 0.4s) 


« 0.55^/1.02899 = O.56S95. 

0.5659s inch X 2 = 1. 13 19 inch ~ width of opening at large end. 

STAroAM) SELF-HOLDING (SLOW) TAPERS 

Standardizing of self-holding, or ‘^slow,’’ tapers has been slow 
because of conflicting interests and the widespread use of the Morse 
taper. A compromise was adopted in October 1943, as seen in 
Table i, which includes three sizes of Brown and Sharpe, eight 
sizes of Morse, and the rest of the | inch to the foot taper. 

A self -releasing or ‘"fast” taper of inches per foot, the same 
as now used' in milling machines, has also been standardized. They 
are shown in Table 8. 


Table i.— Taper Series— Basic Dimensions 
(In Inches) 


No. 

of 

Taper 


239 

299 

375 
" I 

2 

3 

4l 

5 

6 
7 

200 

250 

300 

350 

400 

450 

500 

600 

800 

1000 

1200 


Taper 

per 

Foot 


0.50200 
0 . S0200 
0.50200 
0.59858 
0.59941 

0.60235 

0.62326 

0,62400! 

0,63151 

0.62565 
62400! 
0. 75000] 
0.75000 
0.75000 
0.75000 
0.75000] 
0.75000 
0, 75000] 

75000 

0,75000] 

0.75000] 

75000 


Diam- 
eter at 
Gage 
Linei A 


23922 

29968 

37525 

47500 

70000 

93800 

2310 

5000 

7480 

4940 

2700 

9999 

4999 

9999 

4999 

9999 

4999 

9999 

9999 

9999 

9999 

9999 


Means of Driving and Holding 

• Oripn 
Series 

Tongue 

drive 

with 

shank 

held 




Brown and 
Sharpe 

Tongue 
drive 
with 
shank 
held 
in by 
key 
(see 

Table 3) 



taper 
series 
Nos. I to 3 

in by 
friction 
(see 

Table 2) 



Morse * 

taper 

series 


Key 
drive 
with 
shank 
held 
in by 
key 
(see 

Table 4) 

Key 
drive 
with 
shank 
held 
in b y 
draw- 
bolt 
(see 

Tables) 

i inch 
per foot 
taper 
series 


1 See illustratioias with Tables 2, 3. 4 and 5. 

A tolerance of 0.005 inch either way is allowed on all fractional dimensions 
unless otherwise noted. 


Table 2. — ^Tongue Drive with Shank Retained by Friction 
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Tongue Drive with Shank Retained by Key — See Table 3 



(Dimensions in Inches) 
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Table 5. Key Delve with Shank Retained by Draw- Bolti 
, (Dimensions in Inches) 

3 Shank ~~T Drive ^ ^ ~ 
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Table 6.— Plug Gages 
(Dimensions in Inches) 


No. of 
Taper 

Taper® per 
Foot 

Diam- 
eter 1 *® 
at Gage 
Line 

A 

Diam- 
eter'*® 
at Small 
End 

Ar 

Length 
Gage 
Line to 
Small 
End 

L 

Depth 
^ of 

Gaging 

Notch 

U 

.239 

0.50200 

0.23922 

0.20000 

¥ 

0.048 

.299 

0.50200 

0. 29968 

0.25000 


0.048 

• 37 S 

0.50200 

0.37525 

0.31250 


0.048 

■I',..'".;, 

0,59858 

0.47500 

0.36900 


0.040 


0 *59941 

0.70000 

0.57200 


O.040 

d > 

0.6023s 

0.93800 

0.77800 

sA 

* 0.040 

4 

0.62326 

I .23100 

1.02000 

41 ^ 

0.038 

4J 

0.62400 

1.50000 

I . 26600 


0.038 

5 

0.63151 

1,74800! 

1.47500 

sA 

0.038 

6^ 

0.62565 

2 . 49400 

2.11600 

7 i 

0*038 


0.62400 

3. 27000 

1 

2 . 75000 

10 

0.038 

200 

0.750 

2.000 

1*703 

4 

0.032 

250 

0.750 

2.500 

2.156 

sf 

0.032 

300 

0.750 i 

3.000 

2 . 609 

6i 

0.032 

350 

0.750 

3*500 

3.063 

7 , 

0 , 032 

400 

0.750 

4.000 

3*516 

7 f 

0.032 

450 

* 

0.750 

4.500 

3*969 

8i 

0.032 

500 

0.750 

5.000 

4.422 

9I 

0.032 

600 

0.730 

6.000 

5*328 

io| 

L: O'. 032 

Boo 

0.750 1 

8 . 000 

7.141 

I 3 i 

■■''O,.032 

1,000 

0.750 

10.000 

8*953 

i6i 

0.032 

1,200 

0.750 

12.000 

10.766 

19I 

0,032 


1 Gage tolerance for diameters ^ and 

Sizes .239 to No, 3, inclusive, -fo.oooi — 0.0000. 

Sizes No. 4 to No. 300, inclusive, +0.00015 — 0.0000. 

Sizes No. 350 to No. 1200, inclusive, +0.0002 — 0.0000. 

2 Taper per foor and diameter at gage line basic dimensions. 

* Dimension calculated for reference only. ^ 

* These sizes are continued in the Tongue Drive series for the present to 
meet special needs. 
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Table 7* — Ring Gage 
(Dimensions in Inches) 


No. of Taper 

" 

Taper per 
Foots 1 

Diameter at 
Gage Line 1 -8 

A 

Diameter at 
Small End 1*8 

A ' 

Length 

L 

•239 

0,50200 

0.23922 

0.20000 


.299 

0.50200 

0.29968 

0.25000 


.375 

0.50200 

0.37525 

0.31250 

l| 

I 

0.59858 

0.47500 

0 . 36900 


■ "2 , 

0. 59941 

0 , 70000 

0.57200 


' ■■ 3 

0.60235 

0.93800 

0.77800 

3A 

4 

0.62326 

I. 23100 

1.02000 

4A 

4 i 

0.62400 

I . 50000 

I . 26600 

4 i 

s . 

0.63151 

I . 74800 

1.47500 

5 * 


0.62565 

2 . 49400 

2.11600 

7 i 

7 ' 

0.62400 

3.2700 

2.75000 

10 

200 

0.750 

2 . 0000 

1.703 

4 l 

250 

0.750 

Cn 

0 

0 

0 

2.156 

si 

$00 

01750 

3.0000 j 

2.609 

6i 

350 

0.750 

3.5000 

3*063 

7 

400 

0.750 

4 , 0000 

3-516 

7 f 

450 

0.750 

4.500 

3.969 

8i 

500 

0.750 

5.0000 

4.422 

9 i 

600 

0.750 

6.0000 

5-328 

lof 

800 

0.750 

8.0000 

7.141 

i 3 i 

1,000 

i 0.750 

10.0000 

8.953 

i6f 

1,200 

0.750 

12,0000 

10 . 766 

iqI 


1 Gage tolerance for diameters A and A'' 

Sizes to No. 3 inclusive, — o.oooi 4- o.oooo. 

Sizes Nq. 4 to No. 300 inclusive, — o.ooois + 0.0000. 

Sizes No. 350 to 1200 inclusive, —0.0002 + 0.0000. 

2 Taper per foot and diameter at gage line basic dimensions. 

8 Dimensions calculated for reference only. . 

4 These sizes are continued in the Tongue Drive series for the present to 
meet special needs. 
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-Dimensions of Steep Machine Tapers 

(Dimensions in Inches) 


of Taper 

Taper 
per Pooti 

Diameter at 
Gage Line 

Length 

along Axis 

5 

3-500 

t 

0.500 

H 

0.687s 

10 

3-500 

I 

0.625 

7 

S 

0.8750 

15 

3-500 

I 

0.750 

ItV 

1.0625 

20 

3-500 

i 

0.87s 


1.3125 

25 

3-500 

1 

1. 000 

Its 

1-5625 

30 

3 - 500 

li 

1,250 

if 

1.8750 

35 

3-500 

li 

1-500 

2i 

2.2500 

40 

3-500 

li 

1.750 

2H 

2.687s 

45 

3-500 

2i 

2.250 

3A 

3.3125 

SO 

3-500 

2i 

2.750 

4 

4 . 0000 

55 

3-500 

3 i 

3.500 

sA 

5.1875 

60 

3-500 

4 i 

4.250 

6| 

6.3750 


1 This taper corresponds to an included angle of i6 degrees, 35 minutes, 
334 seconds. 

The tapers numbered 10, 20, 30, 40, 50, and 60 are designated “Preferred 
Series.” The tapers numbered s, 15, 25, 35, 45, and 55 are designated 
“ Intermediate Series.” 
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The majority of American tool builders formerly used the Brown 
and Sharpe taper in their milling-machine spindles, and the Morse 
taper in their lathes and drilling machines. Practically all milling 
machines are now made with A.S.A, taper and nearly all lathes use 
the new standard spindle nose. Both the Sellers taper, which had a 
key in addition to the taper fit, and the ‘‘ Jamo’^ taper of 0.6 inch 
per foot have been abandoned. 
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taper per inch. (to 7 places). 



Taper Reamers aistd Pins^ 


Taper = J Inch per Foot or 0.0208 Inch per Inch 



1 Pratt 8c Whitney Co. 


These reamer sizes are so proportioned that each overlaps the 
size smaller about I inch. 



of Fin 










Brown & Sharpe Meg. Co.'s Taper Pins 
(Tool Steel, Taper J-Inch per Foot) (Dimensions in Inches) 


No, of pin. 

oo 

; 0 

1 ^ 

2 

3 

1 4 

Diam. at small end A,.. 

0.118 

0.135 

0.146 

0.162 

0. 183 

0.208 

Approx, diam. small end. . . . 

i 

A 

A 

A 

A 

1 A 

Diam. of shaft 

T2 ^ 



f-ii 


ihw 

Radius of corner R, 

O.OI 

O.OI 

O.OI 

0.02 

0.02 

0.02 •: 


No. of pin. . ........ 

5 

6 

I 7 

8 

9 

10 

Diam. at small end A . 

0. 240 

0.279 

0.331 

0.398 

0.482 

0.581 

Approx, diam. small 




end......... 

i 

A 


a 


» 

Diam. of shaft. ..... 

i-ij 


xf-ii 


iFif 


Radius of corner R. . 

0.02 

0.03 

0.03 

0.04 

0.04 

°-0S .. 


The flat head and rounded point remove all doubt as to whicHls 
the large end of the pin. Lengths vary by |-inch increments for 
general use. 

Taper of Cock Plugs 

While there is no standard taper for cock plugs, a taper of i j 
inches per foot is used in many cases. 

To Select Taper Pins for Shafts 

The accompan]dng table gives shaft diameters on which the 
various sizes of pins may be used. In the first table the size of 
pin shown for a given shaft diameter will prove satisfactory for all 
ordinary applications. 

Lengths listed in the left-hand column of the second table are 
given for standard-size pins. These pins are usually obtainable 
from stock. All sizes listed above the heavy line are of suitable 
length for use with standard length reamers. By referring to the 
diameter at the small end of the pin, the drill size for any pin can be 
obtained. 

If the table at the top of the chart is used as a guide in specifying 
the size of taper pin, the same size pin will be used consistently for a 
given shaft diameter. The maximum length indicated for standard 
reamers is a guide in selecting hub diameters. 

M..G. Demougeot. 
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TAPERS AND DOVETAILS 


Tapers from ^ to li inch per Foot 
AMOUNT of taper for LENGTHS UP TO 24 INCHES 


Taper per Foot 


.0002 

A ‘O003 

J- .0007 
•A .0010 


.0013 

.ooi6| 


f 


1 

2 

3 

4 

5 ' 

6 

7 

8 

9 

10 

11 

12 

13 

14 

ll 

17 

18 

19 

20 

21 

22 

23 

24 




.0023 
,002 6| 
0029 
.00331 
.0036 
.0039^ 
.0042 
.0046] 
.0049] 
.0052 
.OI04I 
.01561 
.02081 
.0260! 
.0312 

•0365 

.0417, 

.0469I 

.0521 

• 0573 ! 

.0625 

.06771 

.0729 

.0781 

■° 833 ! 

.0885 

0937 

.0990 

,1042 

.1094 

.1146 

.1198 

.125 


.0002 

.0005 

.ooio| 

.0015: 

.0020 

.0024 

,0029 

.0034 

-0039 

.0044 

.0049 

.0054 

.0059; 

.0063 

.0068 

.0073 

.0078 

.0156 

.0234 

.0312 

.0391 

.0469 

^0547 

.0625 

.07031 

.0781 

.0859] 

•0937! 


.1016 

.1094 

.1172 

.125 

.1328 

.1406 

-1484 

.1562 

,1641 

.1719 

•1797] 

•IS7S 


.0003 1 
.0007 
.00131 
.OO20I 
.OO26I 

*0033 

•0039 

.0046 

.0052 

•0059 

.0065 

.0072 

.00781 

.0085 

.0091 

.0098! 

.01041 

.0208 

.0312 

.04171 

.0521 

.0625 

.0729 

•0833 

■0937 

.1042: 

.II46I 

125 

1354 

,1458 

.1562 

.1667 

17711 

•1875 

•19791 

.2083 

.2x87 

.2292! 

.2396! 

•25° 


.0007 

.00131 

.00261 

.0039 

.0052 

.0065 

.OO78I 

.0091 

.0104 

.0117 

.0130] 

.0143 

.0156 

.01691 

.0182 

•019s 

.0208 

.0417 

.0625 

•0833! 

.1042 

.125 

.1458] 

1667I 

i 875 ' 

2083 

-2292 

,250 

,2708 

•2917 

•312s 

•3333! 

•3542 

•37So| 

•3958 

4167 

•4375, 

4583 

4792I 

.500 


.0010 

.0020 

,0039 

.OO59I 

.0078 

.OO98I 

.0117 

•0137! 

0156 

.0176 

•0195 

.0215 

.0234 

.0254 

.0273 

.0293 

.03121 

.0625 

■0937 

.125 

.1562 

•18751 

,2187] 

,250 

.2812! 

•3125 

•3437 

•375 

.4062 

•4375 

.4687 

500 

■5312 

•5625 

•59371 

•62s 

.6562 

.6875 

.7187' 

•730 


.0013 

.0026 

.0052 

.0078 

.0104 

.0130 

.0156 

.0182 

.0208 

.0234 

.0260 

.0286 

.0312 

•0339 

•0365 

.0391 

•0417 

•0833 

•1250 

.1667 

.2083 

.250 

.29171 

• 3333 ] 

•375 

.4167 

•4383 

-500 

•54171 
•5833I 
•625 , 
.6667 
•7083! 

•730 

•79171 

•8333 

•875 

.9167 

•9383 


.0016 

•0033 

.0065 

.0098 

.0130 

.0163 

.0195 

.0228 

.0260 

.0293 

.0326 

.0358 

.0391 

-04231 

.0456 

,04881 

.0521 

.1042 

.1562 

.2083 

.2604 

•3125 

.3646 

.4167 

.4687 

.5208! 

•5729 

-625 

-6771 

'.7202 

.7812I 

•8854I 

•9375, 

.9896! 

1.0417 

1.0937 

1.1458 

1,19791 

1.250 


.0039 

.0078 

.0117 

.0156 

•019s 

.0234 

.0273 

.0312 

•0352 

.0391 

.0430! 

.0469 

.0508 

.0547 

.0586 

.0625 

.125 

•187s 

,250 

•3125 

•375 

•4375 

•Soo 

•562s 

.621; 

.687s! 

•730 

•8125 

•875 

•9375 

I .000 

1. 062 5 1 
1. 125 
i-i 87 s 1 
1.250 

1-3125! 

1-375 

1 - 4375 ! 

1.500 


,0026 
.005 s 
,0104 
,0156 
.0208 
.0260 
.0312 
•0365 

.04X7 

.0469 

.0521 

-0573 

.0625 

.0677 

.O729I 

.0781 

•08331 

.16671 

,250 

•3333! 
.41671 
. .500 

•5833 

.6667 

•750 

•8333 

•9167 

1 .000 
1.0833! 
1.1667 
1.250 
1-3333 
14167 
1.500 
i- 5833 i 
1.6667' 

1-750 

1-8333 

X.9167 

2.000 


.0033 

.0065 

.0130 

•019s 

.0260 

.0326 

.0391 

.0456 

.0521 

.0586 

.0651 

.0716 

.0781 

,0846 

.0911 

.0977 

.1042 

.2083 

•3125 

.4167 

.5208 

.625 

.7292 

•8333 

•9375 

1.0417 

1.1458 

1.250 

1-3542 

1-4583 

1.5625 

1.6667 

1.7708 

1-875 

1.9792 

2.0833 

2.187s 

2.2917 

2.3958 

2.500 
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Solid and Split Taper Pins 
British Standard 
(January, 1935) 

Taper J fh 48 

({4i.^*per ft) on diameter ^ 

- - -TrrJ *• 


^ Taper Tm 4$ 

V4-"per -Ft.) oncT/amefer 


T~ 1<- B — — — ^ 

Spli+ To»per Pin 


1 “ [<, B 

Solid Temper Pin 

All sizes shown O and 0 in this Table are standard for Solid 
Taper Pins. 

Only those sizes shown 0 are standard for Split Taper Pins. 





TAPERS And dovetails 

3hers per Foot in Inches aito CoREESPOiroiNn 


Included 

Angle 


Angle with 
Center Line 


Included Angle witw 

Angle Center Line 


0 4 28 
0 8 58 
0 17 53 

0 26 52 

0 35 48 

0 44 44 

0 S3 44. 

1 2 36 

I II 36 
I 20 30 


o 31 18 

0 35 48 

o 40 15 

o 44 45 

0 49 13 

0 S 3 42 
0 58 12 


4 46 18 

5 22 40 

5 57 48 

6 33 26 

7 9 10 1 


2 59 o 

3 7 56 

3 16 54 

3 25 50 

3 34 44 

3 43 44 

3 52 38 

4 I 32 

4 10 32 

4 19 26 

4 28 24 

4 37 20 


17 8 

I 13 35 

I 16 2 

I 20 32 

I 25 1 

1 29 30 

I 33 58 

I 38 27 

I 42 55 

1 47 21 


S 23 32 12 

St 24 40 42 

sf 25 48 48 

26 56 46 

^ 28 4 20 

29 II 34 

30 18 26 

31 25 2 

7 , 32 31 12 

7 t 33 37 44 

7 l 34 42 30 

8 t 36 52 12 


8 52 50 

9 27 42 

10 2 31 

10 37 10 

11 II 41 

11 46 6 

12 20 21 

I 12' . 54 ' '24 , 

13 28 23 

14 2 XO 

14 35 47 

15 9 13 

15 42 31 

16 IS 36 

16 48 32 

17 21 15 

^7 S3 46 

18 26 6 


table FOR USE IN COMPUTING TAPERS 

in quantities when e^^ressed 

angles advaSg by ,0 mLutrfrZ to _^various 

cL“sSdtog%l^^Shes'^h?amoSt '“-^MThe 

of length is found by mnltilw m inches per foot 

PMticular ca^e it woSld bf ^.4804 V 

W1.„ a, i. I. 


I DOVETAIL SLIDES 809 

' per inch is found as follows : Assume that the angle in question is 1 zi 
degrees, then the nearest angles in the table are 12 degrees 10 
minutes and 12 degrees 20 minutes, the respective quantities 
tabulated under these angles being 0,21314 and 0.21610. The 
ifference between the two is 0.00296, and as 12J degrees is half way 


! 


I 

Fig. 6. — Taper per Inch and Corresponding Angle 

between 1 2 degrees 10 minutes and 1 2 degrees 20 minutes one-half of 
j 0.00296, or 0.00148 is added to 0.21314, giving 0.21462 inch as the 
taper of a piece i inch in length and of an included angle of i2i 
degrees. The taper per foot equals 0.21462 inch X 12 = 2.5754 
' inches. 



TABLE FOR DIMENSIONING DOVETAIL SLIDES AND GIBS 

The table on page 812 is figured for machine-tool work so as 
to enable one to tell at a glance the amount to be added or sub- 
tracted in dimensioning dovetail slides and their gibs for the usual 
angles up to 60 degrees. The column for 45-degree dovetails is 
omitted, as A and B would, of course, be alike for this angle. 

In the application of the table, assuming a base with even dimen- 
sions, as in the sketch in Fig. 7, to obtain the dimensions x and y of 
the slide, Fig. 8, allowing for the gib which may be assumed to be 
J inch thick, the perpendicular depth of .the dovetail being | inch, 
and the angle 60 degrees, look under column A for f inch, and it 
will be found opposite this that B is 0.360 inch, which subtracted 
from 2 inches gives 1.640 inches, the dimension rc. To find y first 
get the dimension 1.640 inches, then under the column for 60-degree 
gibs (where C is J inch), D is found to be 0.289 iitch, which is added 
to 1.640, giving i,92p inches. 

In practice, this dimension is usually made a little larger, say to 
the nearest 64th, to allow for fitting the gib. 

MEASURING EXTERNAL AND INTERNAL DOVETAILS 

The accompanying table of constants is for use with the plug 
method of sizing dovetail gages, etc. The constants are calculated 
for the plugs and angles most in use; and to use them a knowledge 
of arithmetic is all that is required. The formulas by which they 
were obtained are added for the convenience of those who may have 
an unusual angle to make. 

^ As an example of the use of the table, suppose that Z, Fig. 9, is the 
dimension wanted, and that the dimension A and the angle a are 




TAPERS AND DOVETAILS 

Table eor Cqmpoting Tapers 


0 »ooooo 

1 .01746 

2 .03492 

3 *05238 

4 .06984 

5 *08732 

6 ,10482 

7 ,12232 

8 ,13986 

9 *15740 

10 .17498 

11 .19258 

12 .21020 

13 .22788 

H .24556 

15 .26330 

16 .28108 

17 .29890 

18 .31676 

19 *33468 

20 .35266 

21 .37068 

22 ,38876 

23 40690 

24 .42512 

25 *4433^ 

26 .46174 

27 .48016 

28 49866 

29 .51724 

30 .53590 

31 .55464 

32 .57350 

33 .59242 

34 .61x46 

35 .63060 

36 .64984 

37 ,66920 

38 ,68866 

39 .70824 

40 .72794 

41 .74776 

42 .76772 

43 .78782 

44 .80806 

45 .82842 


20' 

30' 


0 .00582 

,00872 

.01164 

6 .02326 

.02618 

.029x0 

2 ,04072 

.04364 

,04656 

8 .05820 

.06110 

.06402 

6 .07566 

.07858 

,08150 

4 ,09316 

,09606 

.09898 

4 .11066 

•11356 

.11648 

4 .12816 

.13108 

.13400 

s .14570 

.14862 

.15156 

4 ,16326 

.16618 

.16912 

0 .18084 

•18378 

.18670 

2 .19846 

.20138 

.20432 

^ .21610 

.21904 

.22198 

•23376 

.23672 

.23966 

2 .25148 

•25444 

.25738 

3 .26922 

.27218 

.27516 

1- .28702 

.28008 

.2Q2q6 

.30486 

.30782 

.31080 

.32274 

•32572 

.32870 

.34066 

•34366 

.34666 

.35866 

,36166 

,36466 

,37670 

.37972 

,38272 

! .39480 

,39782 

.40084 

^ .41296 

,41600 

41904 

> 43120 

.43424 

.43728 

• 44950 

.45256 

.45562 

> .46786 

*47094 

.47400 

• .48632 

.48940 

.49248 

■ .50484 

.50794 

*51004 

■ .52344 

.52656 

.52966 

.54214 

.54526 

•54838 

.56092 

.56406 

.56720 

.57980 

-58294 

,58610 

.59876 

.60194 

.60510 

,61782 

.62102 

.62420 

.63700 

.64020 

,64342 

.65628 

•65950 

.66272 

.67566 

.67890 

.682x6 

.69516 

.69844 

,70170 

.71480 

.71808 

,72136 

.73454 

•73784 

,74114 

.75440 

•75774 

.76106 

.77442 

•77776 

,78110 

*79454 

•79792 

*80130 

'.81482 

.81822 

.82162 

.83526 

.83866 

.84210 . 


.01454 

.03200 

.04946 

.06692 

.08440 

.10190 

.11940 

.13694 

.13448 

.17204 

.18964 

.20726 

.22492 

.24262 

.26034 

.27812 

.29592 

•3137S 

•33^70 

.34966 

•36768 

.33574 

,40388 

.42208 

.44034 

*45868 

.47708 

.49556 

.51414 

.53273 

.55152 

.57034 

.58926 

.60828 

.62740 

.64662 

.66596 

.68540 

.70496 

.72464 

.74446 

*76440 

.78446 


.01746 

.03492 

.05238 

.06984 

.08732 

.10482 

•12232 

.13986 

.15740 

.17493 

.19258 

.21020 

.22788 

.24556 

.26330 

.28108 

.29890 

.31676 

.33468 

.35266 

.37068 

.33876 

.40690 

.42512 

.44333 

.46174 

.48016 

.49866 

•51724 

.53590 

.55464 

.57350 

.59242 

.61146 

.63060 

.64984 

.66920 

.68866 

,70824 

.72794 

.74776 

.76772 

.78782 

.80806 

.82842 

.84894 
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Table FOR Computing Tapers 


The Tabulated Quantities = T wice the Tangent of Half the Angle 


Deg. 

0* 

10' 

20' 

30' 

40' 

so' ' 

60' 

47 

48 

49 

50 

51 

52 ^ 

53 

54 

ss 

56 

58 

59 

60 

61 j 

62 

63 

64 

65 

66 

67 ^ 

68 

69 

70 

71 

72 

73 

74 

76 

77 

78 

79 

80 

81 

82 

¥ 

84 

85 

86 

87 

88 

89 

90 

.84894 

.86962 

.89046 

.9114b 

.93262 

•95396 

•97546 

.99716 

1.01906 

1. 041 14 

X. 06342 
X. 08592 
1.10862 

1.13154 

1.15470 

1.17810 
1.20172 
X.22560 
1.24974 
1. 2 741 4 
1.29882 

1.32378 

1.34902 

1.37456 

1.40042 

1.42658 

1.45308 

1.47992 

1.507x0 
1.53466 
1.56258 
1.59088 
1.61956 
1.64868 
1.67820 
1.70816 
1.73858 
1.76946 
1.80080 
1.83266 
1 .86504 
1.89792 

1-93138 

1.96540 

2. 

.85238 

.87308 

.89394 

.91496 

.936x6 

•95752 

.97906 

1 .00080 
1.02272 

1 .04484 
1.06716 

1 ,08968 
1.11242 

I •13538 

i.iSSsS 

X.I8202 

1,20568 

1.22960 

1.25378 

X.27824 

1,30296 

1.32796 

1.35326 

1.37984 

1.40476 

1.43098 

145754 

1.48442 

1.51168 

1.53928! 

1.56726 ' 

1.59562 ^ 

1.62440 

1.65356 

1.68316 

1. 7 1 320 

1.74368 

1.77464 

1.80608 

1.83802 

1.87048 

1.90346 

1.93700 

I.97II2 

.85582 
.87656 
.89744 
,9 1 848 
.93970 
.96110 
.98268 
1,00444 
1.02638 
1.04854 
1,07090 
1.09346 
1.11624 
I.I3924 
1.16248 
1.18594 
1,20966 
1.23362 
1.25784 j 
1.28234 
I.307IO 
1.33216 
1-35750 

1.3S314 

1.40910 
I -43533 
1.46200 
1.48894 
1.51624 
1.54392 
1.57196 
1.60040 
1,62922 
1.65846 
1.68814 
1.71824 
1.74882 
.1-77984 
1^1138 
1-84340 
1.87594 
1.90902 
1.94266 
1.97686 

.85926 

,88002 

.90094 

.92202 

,94326 

,96468 

.98630 

1 .00808 
1.03006 
1.05226 
1.07464 
X. 09724 
X. 1 2006 
1.14310 
1.16636 
1.18988 
1,21362 
1.23764 
1.26190 
1.28644 
1.31126 
1.33636 
1.36176 
1.38744 
1.41346 

1. 439^0 

1.46646 
1.49348 
1.52084 
1.54S56 
1.57668 
1.60516 
1 ,63406 
1.66338 
1.69312 
1.72332 

1-75396 

1 .78506 
1.81668 
1 .84878 
1 .88142 
1.91458 
1.94832 
1.9S262 

.86272 

.88350 

.90444 

•92554 

.94682 
.96828 
.98990 
1. 01 1 74 
1.03376 
1-05596 
1.07840 
1.10102 
1.12388 
1.14696 
1.17026 
1.19382 
1.21762 
1.24166 
1.26598 
1.290 <6 
1. 31 542 
1-34056 
1.36602 
1-39176 
1.41782 
1.44422 
1.47094 
1.4980c 

X -52544 

x -55322 
1.58140 
1,60996 
1.63892 
1.66830 
1.69812 
1.72836 
1.75910 
1.79030 
1.82198 
1.85418 
1 .88690 
1.92016 
1.95400 
1.98840 

.86616 

.88698 

.90794 

.92908 

• 9 S °38 

.97186 

•99354 
1.01538 
1-03744 
1.05070 
1.08214 
1.10482 
1.12770 
1.15082 
1,17418 
1.19776 
1,22160 
1.24570 
1.27006 
1,29468 
1.31960 
1.34478 j 
1.37028 
1.39608 
1.42220 
1.44864 
147542 
1.50256 
1.53004 
1-55790 
1.58612 
1.61476 
1.64380 
1,67324 
1. 70314 

1-73348 

1.76428 
X -79554 
1.82732 
1 .85960 
1,89240 
1.92576 
1.95968 
1.99420 

.86962 

,89046 

.91146 

.93262 

•95396 
•97546 
•99716 
1.01906 
1. 041 14 
1.06342 
1.08592 
1,10862 
1.13x54 
1.15470 
1.17810 
1.20172 
1.22560 
1.24974 

1. 27414 

1.29882 

1-32378 

1-34902 

1-37456 
1.40042 
1.42658 
1.45308 
1.47992 
1. 507 10 
1.53466 
1.56258 

1 .59088 
1.61966 
X.64868 
1.67820 
1.70816 

1-73858 

1,76946 

1,80080 

1.83266 

1.86504 

1,89792 

1 -P 3138 

1.96540 

2.00000 


Refer to page 808 for explanation of table. 
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known. A glance at the formulas below shows that Z = A — D. 
Then the constant Z> corresponding to the size of plug and the angle 
used is subtracted from and the remainder equals Z. For 
instance, if ^ = 4 inches, the plug used = | inch, and the angle == 
30 degrees, then Z = A — Z? = 4 inches — 1.0245 inches == 2.9755 
inches. 

— .A ^ — -«4, U B — — 





Fig. 9.— External and Internal Dovetails 

If A is not known, but B and C are given, as in the formula below 
the table (page 814), A = B A" CF\ Then if B — 3.134 inches, 
C = I inch, and the angle is 30 degrees, as before; A = F + CF « 
3.134 inches + (0.75 inch X 1.1547) = 4 inches, whence Z can be 
found, as already shown. 

If the corners of the dovetail are flat, as shown in Fig. 9 at 1 and 
G, and the dimensions I and B and the angles are known, it will be 
found from the formulas below the table that ^ also = I + EF; 
so that, if / = 3.8557 inches, H = I inch, and the angle = 30 
degrees; then ^ = I + EF = 3.8557 inches + (0.125 inch X 
1,1547) = 4 inches, from which Z is found as before. 
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TAPERS AND DOVETAILS 


Constants toe Dovetails 


Hug 


V'ss®-' 

so® 

' " 45 °''' 

40® 

35 ® 

30® 

r 

B 

1.1830 

1.0429 

.9368 

•8535 

.7861 

*7302 

.6830 


E 

.3170 

.3288 

.3410 

•3536 

.3666 

,3802 

•3943 

¥ 

B 

I- 774 S 

1-5643 

1.4053 

1.2803 

I.I792 

1.0954 

1.0245 


E 

4755 

4932 

•53:3:5 

•5303 

•5499 

.5702 

•5915 

¥ 

B 

2.3660 

2,0858 

1.8730 

1.7070 

1.5722 

14604 

1.3660 


E 

,6340 

.6576 

.6820 

,7072 

•7332 

.7603 

.7886 

r 

B 

3*5490 

3.1286 

2.8106 

2.5606 

2*3584 

2,1903 

2.0490 


E 

.9510 

.9864 

1.0230 

. 1.0606 

1.0998 

I.1404 

1.1830 


F 

3.4641 

2.8563 

2.3836 

2 

1.6782 

1,4004 

1.1547 


A = B + CP = I + EF 
B =A -CF = G -HF 

E = P^cot ^ ^ 

P = p(^cot +P 

= 2 tan 


TOOL FOR LAYING OUT ANGLES ACCURATELY 

The bevel gage in Fig. lo is for laying out angles accurately. 
In using this gage, set a vernier caliper or large “micrometer” to 
twice the sine of half the angle desired, multiplied by lo, add iinch, 



Fig. io. — Bevel Gage for Laying Out 


and open the gage till it fits the vernier. This gives the angle 
within the limits of the measuring tool and the radius of the gage. 
The J-inch hole in the center is for a setting plug when it is desirable 
to lay out an angle from a given center. 

The table gives the measurements over the half discs required for 
setting the arms of the gage to give any angle from i to 45 degrees, 
and also the setting for any number of holes in a circle from 3 to 22. 



THE SINE BAR 

Table FOE Setiing Tool foe La-xing Oct Angles 
" Gage Setxing for Even Degrees . 


Angle 

Degrees 

Measure- 
ment Over 
Disks 

Angle 

De- 

grees 

Measure- 
ment Over 
Disks 

Angle 
De- ■ 
grees 

Measure- 
ment Over 
Disks 

Angle 

De- 

grees 

Measure- 
ment Over 
Disks 

' I' ■■■ 

0.6746 

12 

2.5906 

23 

4-4874 

34 

6.3474 

2 

0.8490 

13 

2.764 

24 

4.6582 

35 

. 6.5142 

3 

1.0236 

14 

2.9374 

25 

4.8288 

36 

6.6804 

4 

1.1980 

IS 

3.1106 

26 

4.9980 

37 

6.846 

5 

1.3724 

16 

3-2834 

27 

5-1690 

38 

7.0114 

6 

1.5468 

17 

3-4562 

28 

5-3384 

39 

7.1762 

7 

1. 7210 

18 

3.6286 

29 

s-5176 

40 

7-3404 

8 

1.8952 

19 

3.8010 

30 

, s-6764 

41 

7-5042 

9 

; 2.0692 

20 

3-9730 

31 

5.8448 

42 

7.6674 

lO 

2.2432 

21 

4.1448 

32 

6.0128 

43 

7.830 

ii 

2,4170 

22 

4-3162 

33 

6.1804 

44 

7.9922 







45 

8.1536 


Gage Settings for Holes, in a Circue 


No. of 
Holes in 
Circle 

Measure- 
ment Over 
Disks 

No. of 
Holes 
in 

Circle 

Measure- 
ment Over 
Disks 

No. of 
Holes 
in 

Circle 

Measure- 
ment Over 
Disks 

No. of 
Holes 
in 

Circle 

Measure- 
ment Over 
Disks 

3 

17,8206 

8 

8.1536 

13 

5.2864 

18 

3-9730 

4 

14.6422 

9 

7.3404 

14 

4.9504 

19 

3-7918 

5 

12.2558 

10 

6.6802 

J 15 

4.6582 

20 

3.6286 

6 

10.5 

IX 

6.1346 

! 16 

4.4018 

21 

3.4S08 

7 

9.1776 

12 

5.6762 

1 17 

4.1750 

22 

3-3462 


THE SINE BAR 

The sine bar is an instrument of precision used by the toolmaker 
in laying outf setting, testing, and otherwise dealing with angular 
work which requires a close degree of accuracy in its dimensions. 
It consists of a bar of steel with two discs of equal diameter secured 
near th.e ends of the bar and having their centers on a line exactly 




,^2>%2deep 



Fig. XI. — Ten-Inch Sine Bar 

parallel with the edge of the sine bar. The bar itself may be either 
tool steel hardened and ground or machine steel case hardened. 

An improved form of sine bar is shown in Fig. ii. There are 
various other designs, all having for their object a convenient means 
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SINE BAR TABLE 
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^26 TAPERS AND DOVETAILS 

of locating work at tke desired angle upon an anele nlatp 
plate so that the work may be set at once to the deseed ande 

or machining otherwise. It is customarv^tA 
To tirW® *scs on the sme bar at a center distance of eithe?^ or 
ro mches, these bemg convenient lengths and, moreover form™°f 
handy figures for multiplying the quantities for the corre’snnnH^® 

Son'' “ seftL??he 

The discs are used for setting the bar at the correct ande l,,, 

® a vernier height gage, the bar 
then being claniped securely to the angle plate Widi the 

of'^S bS’ ^’tSi enough to project over the edger 

or tne Dar so tliat the lower disc always rests directlv unon tu 

^ parallel on the plate, and the siL l£r mav 
be set very easily as it is merely swung upon its lower disc until 
upper disc IS at the right height as deterged by the £ighf Ja^ 

Use of the Special Table 

It is a convenience in using the sine bar to have a snecial tabi^ 
computed to cover degrees and minutes with sines ca^lated for 




Using the Sine Bar 


Fig. 13 


the constants are figuredte^relfetkg the^rSh^Tile 

used these constants should be divided bv two 

^aS'Stf lower disc center i inchlbovethe 

mSt convenience so that the other dis^ 

inches With the^fiw^^f I ^ center height of 5.2262 



USING SINE BAR 



Attachment for Use with the Sine Bar 

The attachment illustrated in Fig. 14 was developed to be used 
with Johansson blocks in connection with the sine bar for more 
accurate setting or testing of angles than is usually obtained with 
the height gage. It is shown in use in measuring the angle on the 
shoe for an angular jig. 


Figs. 14 and 15. — Attachment for Use with the Sine 

The body of the attachment is made of machine 
large hole is a slip fit for the plug of the sine bar. The knurled 
head screw B and the brass button C provide means for clamping. 
The small pin D driven into the machine-steel body on which one 
end of the gage blocks rests when in use completes the attachment. 

In Fig. IS, the sine bar E has the plugs F extending beyond 
bar on both sides and clear on the tops. 

In use, the attachment is slipped over one of the plugs 
pin D pointed in. The sine bar is clamped on to the piece to be 
tested, and the required combination of blocks placed so as to 
on top of the plug of the sine bar and the pin of the attachment; 
with the aid of an indicator the blocks are then set parallel with the 
surface plate, adjustment being made by tapping the attachment 
up or down as required. 

After the blocks are set parallel, all that is necessary is to run 
indicator over the higher plug of the sine bar and the top surface of 
blocks to determine the accuracy of the setting. 
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STAKDAKD JIG BUSHINGS 

Jig bushings have now been standardized and can be ran-j-iio j 
from a number of makers. Bushings are divided ^ 

forced directly into a jig and guid?t?p 
Ollier bushings which are also forced into th? I’lrr 
which carry renewable bushings for guiding the tools— som^etimM 


Heeidtess Type Shoulder Head Hype 


WmM 

Fig. I.— Types of bushings 

in August, 194T dimensions as revised 

r4^if pinte thickness has been standardized as shown in bodv lenutli 

Grinding allowance is 

o o?n tn ^ “Cjl 

0.010 to o.ois inch for A and if inch 

0.01s to 0.020 inch for | inch and over 

buttTnKn\^?ptS"aA?et^^ 

and unfinished outside Sametprf ^both finished 

1 “te"g'8iv2i.“T*sf','* ir.'r 1 ‘"t •« “ 

Z2Z ,, 


STANDARD BUSHINGS 
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Table i.— Press-Fit Wearing Bushings—Heabless 
AND Shoxtlder-He AD Types 



Range of Hole 
Size in 

Inches 

Body Diameter^ B, 
in Inches 

Body Length O, 
in Inches 

Width 

of 

Cham- 
fer6 
D, in 
Inches 

Maxi- 
mum 
Head* 
Diam- 
eter 
jS, in 
Inches 

Maxi- 

mum 

Head® 

Height 

G,m 

Inches 

Prom 

Up to 
and 
In- . 
elud- 
ing 

Nom- 

inal 

Maxi- 

mum 

Mini- 

mum 

Short 

Me- 

dium 

Long 

0.0156 

0,062s 


0.176 

0. 17ij 





f - 

"h 

0 . 0630 

0.0995 


0.223 

0.218 



I 

■h 

P 

■h 

0 . 1024 

0.1378 

i 

0.270 

0.26s 



i 

■h 

f 

P 

0 . 1406 

0.1875 

A 

0.333 

0.328 

A 


1 

■h 

* 

i 

0. 1910 

0.2500 

il 

0.426 

0,421 

■3^ 

h 

f 


If 


0.2520 

0.312s 


0.520 

0.515 


I 

1 



P 

0.3160 

0.4219 

f 

0.64s 

0.640 

h 1 

f 

I 


it 

P 

0.4375 

1O.5000I 


0.770 

0.765 

f ! 

f 

I 



p 

0.5156, 

0.6250 


0.89s 

0.890 

i \ 

I 

If 

iz 

li 

f 

0.6406, 

0.7500 

■■ I ■ 

1.020 

i.ois 

1 

I 



If 

' P 

0.7656] 

i.ooooi 

it 

1. 395 

1.390 

■1 ■ 

X 

If 

•A 

i| 

1 

1.0156 

1.37501 

If 

1.770 

1.76s 

I 

If 

If 

A 

2, 

f 

1.3906 

1.7500! 

2i 1 

2.270 

2.26s 

I' ■ ' 

If 

If 

■h 

1 2 l 

■ 'f ■■ 


All dimensions given in inches. 

Tolerance on fractional dimensions, where not otherwise specified, shall he 
+0.010 inch. 

1 Hole sizes are in accordance with the proposed American standard for 
twist-drill sizes. 

2 The maximum and minimum values of the hole size, A, shall be as 
follows: 


Nominal Size of Hole, in 
Inches 

Maximum, in Inches • 

Minimum, in Inches 

Above 0 . 0000 to f inch 
Above f to f inch 

Above 1 to 1 inch 

Above i| j 

Nominal +0.0004 in. 
Nominal -+0.0005 in. 
Nominal -j- 0.0006 in. 
Nominal +0.0007 in. 

Nominal +0.0001 in. 
Nominal -+0.0001 in. 
Nominal +0.0002 in. 
Nominal +0.0003 in. 


3 The minimum body diameter B is 0.0 is to 0.020 inch larger than the 
nominal diameter in order to provide grinding stock for fitting to jig-plate 
holes., ■ . ■ 

^ The length C is the over-all length for the headless type and the length 
underhead for the head type. 

3 The angle of chamfer E shall be 59 degrees ± i degree, and a slight radius 
shall be provided at the intersection of this chamfer with the hole A, 

« The head design shall be in accordance with the manufacttirer's practice. 






Range of Hole*t 

Size A 

Body Diameter JS 

Width of 

Maximum 

Prom 

Up to 
and In- 
cluding 

Nominal 

mum 

Mini- 

mum 

Chamfert 

D 

' 

Diameter 
F ' 

0 , 0000 

0.1562 

☆ 0.312s 

0.3123 


i 

0.1610 

0.312s 

1 0.5000 

0 . 4998 

' -h 


0.3160 

0.5000 

1 0.7500 

0 . 7498 

: * 


0.S1S6 

0 . 7 S 00 

I I . 0000 

0.9998 

❖ 

If 

0.7656 

1 . 0000 

if 1.3750 1 

1.3747 


.2 ■ 

1.0156 

I . 37 SO 

If 1.7500 

1.7497 

A 

2 f 

1 . 3906 

I . 7500 

2i 2.2500 

2 . 2496 


3 


* Hole sizes are in accordance with the proposed American Standard for 
twist-drill sizes. 

t The maximum and minimum values of hole size A shall be as follows: 


Nominal Size of Hole, 
in Inches 

Maximum, in Inches 

Minimum, in Inches 

Above 0.0000 to i inch 
Above i to I inch 

Above 1 to 1 inch 

Above li 

Nominal +0.0004 
Nominal +0,0005 
Nominal +0.0006 
Nominal +0.0007 

Nominal +0 0001 
Nominal + 0 . 000 1 
Nominal +0 0002 
Nominal +0.0003 


± The angle of chamfer JB shall be S9 degrees ± i degree, and a slight 
adius shall be provided at the intersection of this chamfer with the hole A. 


I The head design shall be in accordance with the manufacturer's practice. 
Head of slip type is usually hnurled. 

When renewable wearing bushings are used with liner bushings of the 
head type, the len^h under the head should be increased over the jig-plate 
thickness by the thickness of the Hner bushing head. 
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Table 2. —Rene WAB iJE Wearing Bushings— Slip and Plair 
Shoulder-Heab Types 


^Assoc/Gffe h 
liner overall 
length ^ 


i Overall 

y\\ length 
/ I p optfonal^ 


Slip Type, Renewable® Plain Type, Renewable 
wearinoj Bushing Wearing Bushing 

(Tolerance on fractional dimensions where not otherwise specified 
shall be ±0.010 inch) 
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■Revolving Handles 


Table 8.— Machine Handles 


Length of Shank, 
in Inches 

Length over All, 
in Inches 

Diameter of Shank, 
in Inches 

ooo 


Iff 

i ' 

OQ 


iff 

i 

O 


2^ 

A 


A 


A 

■ ■ .1 . 

A 


i 

" 2 , 


3ft 

A 

3 

tl 

3^ 

A 

4 

n 

3ff 

A 

5 

It 

4 

■ A 

6 

if 

’ 4^ 

: " f . 

7 

if 

5 

f ' 

8 

lA 

Sf 



Size 

Length over 
All, in Inches 

Center Ball, 
in Inches 

Large-End 
Ball, in Inches 

Small-End 
Ball, in Inches 

I 

3f 

I 

if 

1 ■ ■ 

if 

4 

■ if 

li 

ft 

2 

4i 

li 

if 

if 

3 

5 

lA 

if 

I 

4 

5f 

lA 

If 

I,' ' 

5. 

6 

if 

if 

,I ■ 

6 

6J 

if 

if 

'I ■■ 

7 

7 

lA 

if 


8 

7i 

if 

l| 

;i. 

9 

8 

if 

If 

1 . , 

I A 

10 

8i 

lA 

If 

if 

12 

II 

lil 

2 

If 

13 

13 

lif 

2 




HANDLES AND LEVERS 


Table 9. — Revolving Machine Handles 


Size 

Length of Shank, 

1 

Diameter of Shank, 

Length over All, 

in Inches 

in Inches 

in Inches 

I 

A 


2 f 

3 

i 

1 

3lf 

4 

i 


4^ 

7 

I 


si 


Table 10. — Two Ball Levers 


Size 

Length over All, 

Large-End Ball, 

Small-End Ball, 


in Inches 

in Inches 

in Inches 

I 

3i 

li 

i 

! 

4 

li 


2 ■ 1 

4i 

If 

If 

3 

S 


r 1 

4 

5l 


i 1 

6 

. 6^ 

li 

I 

7 

7 

li 

I 

10 

8 i 

if 

if 

. 


Balcrank Handle Specification Tolerances 
Machine handles, shank diameter. ... . +o*ooi to 4-0.003 

Machine handles, shank length . ... —0.00s to 4- 0.00s 

On machining of center or end balls: 

Holes up to and including s inch. . , . — 0. ooos to -l-o. 001 

Holes over I inch. —0.0005 to 4-0. oois 

Thickness from face to face. ...... . . —0.0050 to 4-0. ooso 

Key way width. —0,0000 to 4-0.0005 

Keyway depth..... . — o.oooo to 4-o,oo8o 

Diameter of faces. —0,0156 to ^o. 0156 

Limits cannot be held on thickness of ball and both face diameters. Spec- 
ify only two of these diameters. Do not specify close tolerances where they 
are not needed; it is an economic waste. 

FITTING BALL AND ROLLER BEARINGS 

Users of ball and roller bearings are interested in the fitting of the 
bearings into machines rather than detailed) dimensions of the bear- 
ings themselves. Table ii gives this information in concise form. 
Similar tolerances apply to other bearings of similar types. 


Radax Bearing Mountings 





Shaft Tolerance Fit | Shaft Tolerance 


BEARING MOUNTINGS 
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Hole in washer => diameter of bolt + for bolts up to and including i 
inch in diameter. 

Hole in washer = diameter of bolts -j- i inch for bolts li to 2^ inches in 
diameter, inclusive. 
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BOWER ROLLER BEARING TOLERANCES 
AND FITTING PRACTICES 

Proper fitting practice depends on tlie installation since deviations 
from normal are often necessary, These may be due to the type 
of service, ease of assembly and disassembly, hardness or finish of 
shaft and housing, hollow or solid shaft, load, speed, etc. 

To some extent the type of bearing controls the fitting practice 
that is, the rolling clearance in the straight roller bearing would be 
afiected by the fit, whereas the clearance in the tapered roller bear- 
ing is adjustable. 

Whichever race is stationarjr of the self-contained straight roller 
bearing type should have endwise movement to align itself with the 
rotating race. For the other types, the stationary race should be 
fixed. 

In the column of fits, T means tight and L means loose. (Table 

12 .) 

INTEGRAL RIGHT-ANGLED TRIANGLES 

The erection of a perpendicular by the construction of a triangle 
whose sides are respectively 3, 4, and 5 units in length is a familiar 
and handy device. The following table gives a greater range of 
choice in the shape or proportions of the triangle employed. The 
table is a list of all integral, or whole-number, right-angled triangles 
the units of whose least sides do not exceed 20. 


Height 

Base 

Hypot- 

enuse 

Height 

Base 

Hypot- 

enuse 

Height 

Base 

Hypot- 

enuse 

3 

4 

5 

12 

16 

20 

17 

144 

I 4 S" 

5 

12 

13 

12 

3 S 

37 

18 

24 

30 

6 

8 

10 

13 

84 

8s 

18 

80 

82 

7 

24 

25 

14 

48 

SO ' 

19 

180 

181 

s 

IS 

17 

15 

20 

2$ 

20 ■ 

21 

29 

9 

12 

15 

IS 

3 ^ 

39 

20 " 

48 

S2 

9 

40 

41 

^5 

112 

113 

20 ■' 

99 

101 

10 

24 

26 

16 

30 

34 




11 ' 

60 i 

61 

16 

63 ' 

6S 





TABLE OF CHORDS 

To construct any angle from the table of chords, page 843: Let 
the required angle be 36 degrees 38 minutes; the nearest angles in 
the table are 36 degrees 30 minutes and 36 degrees 40 minutes, 
and the chords are respectively 0.6263 and 0.6291, the difierence 
0.0028 corresponding to an angular difference of 10 minutes. To 
find the amount which must be added to 0.6263 (the chord corre- 
sponding to 36 degrees 30 minutes) in order to obtain the chord for a 
36 degrees 38 minutes arc, multiply 0.0028 by = 0.00224. 
0.6263 + 0.00224 ~ 0.62854. Then, ff the radius is i inch and the 
angle 36 degrees 38 minutes, the chord will be 0.62854 inch. 
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Table i5.-^Table of ORO'BJ>s---Continued 

THE TABULATED QUANTITIES « TWICE THE SINE OF HALF THE ARC 


Deg. 

0' 

10' 

20' i 

30' 

40' 

so' 

< 5 o' 

46 

.7815 

•7841 

.7868 

•789s 

,7921 

.7948 

• 797 '? 

47 

•7975 

.8001 

.8028 

•8055 

.8081 

.8108 

*8135 

48 

•8135 

. .8161 

.8188 

.8214 

.8241 

.8267 

.8204 

49 

.8294 

.8320 

•8347 

•S373 

.8400 

.8426 

.8452 

50 

•8452 

.8479 

•8S°S 

•8331 

•8558 

.8584 

.8610 

51 

.8610 

.8636 

.8663 

.8689 

•8715 

.8741 

.8767 

52 

.8767 

•8793 

.8820 

•8846 

.8872 

.8898 

.8924 

S 3 

.8924 

.8950 

.8976 

.9002 

.9028 

.9054 

.9080 

54 

.9080 

.9106 

.9132 

•9157 

•9183 

.9209 

•9235 

55 

•923s 

•9261 

.9286 

•9312 

•9338 

*9364 

.9389 


•9389 

•9415. 

.9441 

.9466 

.9492 

•9518 

•9543 

Sf 

•9543 

■9569 

•9594 

.9620 

i .9645 

•9671 

i .9696 

58 

.9696 

.9722 

•9747 

.9772 

•9798 

•9823 

.9848 

59 

.9848 

.9874 

-9899 

.9924 

•9949 

•9975 

1.0000 

60 

1.0000 

1.0025 

1.0050 

1.0075 

1 1.0100 

1.0126 

1.0151 

61 

I.OI5I 

1.0176 

1. 0201 

1.0226 

1.0251 

1.0276 

*0301 

62 

1. 0301 

1.0326 

1*0350 

1-0375 

1.0400 

1.0425 

1.0450 

63 

1.0450 

1.0475 

1.0500 

1.0524 

1.0550 

1.0574 

1.0598 

64 

1.0598 

1.0623 

1.0648 

1.0672 

! 1.0697 

1. 0721 

1.0746 


1.0746 

1.0770 

1.0795 

1.0819 

i 1.0844 

1.0868 

1-0893 

66 

1.0893 

1.0917 

1. 0941 

1.0966 

1.0990 

j 1.1014 

1.1039 

67 

1.1039 

1.1063 

1.1087 

I.IIII 

I-II 3 S 

1.1159 

1.1184 

6S 

1.1184 

1.1208 

1.1232 

1.1256 

1.1280 

1.1304 

1.1328 

69 

1.1328 

1*1352 

1.1376 

1. 1400 

1.1424 

1.1448 

1.1471 

70 

1.1471 

1.1495 

1.1519 

1*1543 

1-1567 

1.1590 

1.1614 

71 

1.1614 

1.1638 

I. I 661 

1.1685 

1.1708 

1.1732 

1.1756 

72 

1.1756 

1.1780 

1.1803 

1.1826 

1.1850 

1.1873 

1.1896 

73 

1.1896 

1,1920 

1. 1943 

1.1966 

1. 1990 

i 1. 201 3 

i 1.2036 

74 

1.2036 

1.2059 

1.2083 

1.2106 

1.2129 

1.2152 

1 1*2175 

75 

I.2I75 

1.2198 

1.222 1 

1.2244 

1.2267 

1.2290 

1 1.2313 

76 

1.2313 

1.2336 

1.2360 

1.2382 

1.2405 

1.2427 

i 1.2450 

77 

1*2450 

1.2473 

1.2496 

1.2518 

1.2541 

1.2564 

1 1.2586 

78 

1.2586 

1.2609 

1.2631 

1.2654 

1.2677 

1.2699 

1.2721 

79 

1.2721 

1.2744 

1-2766 

1.2789 

1.2811 

1.2833 

I.2%6 

80 

1.2856 

1.2878 

1.2900 

1.2922 

1.2945 

1.2967 

1.2989 

81 

1.2989 

I. 301 I 

1*3033 

3: *3055 

1.3077 

1.3099 

I.312I 

82 

1.3121 ! 

1*3143 

i*3i6S 

1.3187 

1.3209 

1.3231 

1.3252 

83 

1.3252 

T.3274 

1.3296 

i* 33 iS 

1.3340 

1.3361 

3: *3383 

84 

1-3383 

1.3404 

1.3426 

1*3447 

1-3469 

1*3490 

1.3512 

85 

1 . 35 “ 

1*3533 

1*3555 

1.3576 

I -3597 

1.3619 

1.3640 

86 

1-3640 

1.3661 

1.3682 

1*3704 

1-3725 : 

1.3746 

1.3767 

87 

1-3767 

1.3788 

1-3809 

1.3830 

1-3851 

1.3872 

1 * 3^93 

88 

1-3893 

1.3914 

1-3935 

1*3956 

1-3977 

1.3997 

1,4018 

89 

90 

1.4018 

1 4142 

14039 

1 

14060 

1.4080 

I4IOI 

1.4121 

1 .4142 
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Table 16.— Spacing Holes in Gircles 


No. of Divisions 
in Circle 

Deg, of Arc 

Length of Chord 
Dia. I 

Length of Chord 
Dia. 2 

1 

A 

' 0 

0 

0 d 

•sS 

1 

Length of Chord 
Dia. 4 

^ to 

•Sft 

§ 

Length of Chord 
Dia. 6 

3 

120 

.866 

1.732 

2.598 

3.464 

4-330 

5.196 

4 ' 

go 

•707 

1.414 

2.121 

2.828 

3-536 

4-243 

5 

72 

. 58 S 

1.176 

1-763 

2 o 35 i 

2.938 

3-527 

6 

60 

.500 

1. 000 

1.500 

2.000 

2.500 

3.000 

7 

510-2S' 

.434 

.868 

1.302 

1.736 

2.170 

2.604 

8 

45 

■383 

•765 

1.148 

1.531 

1-913 

2..296 

9 

40 

•342 

.684 

1,026 

1 . 36 S 

1.710 

2.052 

10 

36 

.309 

.618 

.927 

1.236 

1-545 

1-854 

1 1 

32'>-43' 

.282 

•564 

•S4S 

1.127 

1 1409 

1.691 

12 

30 

•259 

.518 

.776 

1-035 

1.294 

1 I-5S3 

^3 

1 27°-4i' 

.239 

•479 

.718 

•958 

1-197 

1-436 

14 

1 25^-42' 

.222 

•445 

My 

.890 

1.112 

1-334 

15 

24 

.208 

.416 i 

.624 

.832 

1.040 

1.247 

16 

i 22'^o' 

"I95 

•390 1 

•585 

.780 

1 -975 

1-171 

17 

21®-ll' 

.184 

.367 

•S 5 I ' 1 

•735 

.918 

1.102 

18 

20 

.174 

•347 

.521 

•695 

.868 

r .041 

19 

i8°-57' 

.164 

.329 

•493 

•658 

.822 

-987 

20 

18 

.156 

0313 

.468 

.625 

.782 

-937 

21 

17 °- 8 ^ 

.149 

.298 

•447 

•596 

•745 

-894 

22 

i6°-22' 

,142 

.286 

•427 

.569 

.712 

.855 

23 

15 *^ 9 ' ^ 

0136 


,409 

■545 

.681 

.818 

24 

15 

.130 ^ 

.261 

•.392 1 

.522 

•653 

•783 

25 

i4°-24^ 

»I 25 i 

"251 

"375 1 

.501 

.627 

-752 

26 ! 


»I 20 

.241 

,361 ! 

.482 

.602 

-723 

27; ; 

I 3 °- 20 ' 

.116 

.232 

•348 

.464 

.580 

-697 

28 .'! 

I 2 °-Sl' 

»II2 

.224 

“336 

•448 

•560 

,672 

29 

I 2 ‘^-" 25 ' 

»io 8 

o216 

.324 

.432 

•540 

.648 

3<^ i 

12 ■ ' ■ 

«i 04 

,209 

*314 i 

.418 

.522 

,637 

31 * 

11^-37' 

.101 

.202 

•303 

.404 

•505 

.606 

32 


.098 

=196 

.294 

•393 

■491 

-589 


I 

I 
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■ Table i6,-~Spacing Holes in Cmcms--ContinupA 


3 120 

4 90 


« 45 

9 40 

10 36 

ri 32^-43' 

C2 30 
^3 27®-4i' 

C4 25 ^- 42 ' 
tS 24 
:6 22°~3o' 

7 


9 i8®-s7' 

0 18 

1 17 ®- 8 ' 

2 i6®~22' 

3 15 ~39" 

4 15 

5 I4°~24' 

6 i3®-5i' 

7 i3®-2o' 

5 i2®-5i' 

? I 2 ®- 25 ' 

> 12 

c ii®-37' 
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In laying out an angle, as in the accompanying illustration, a base 
line ilB can be drawn, sajr 10 inches long; then with a radius AB 
and center A, arc BC can be struck. Multiply chord 0.62854 inch 
by 10 giving 6.2854 inches, as the radius of an arc to be struck from 
center B and cutting arc BC dX C. Through point C draw a line 
AC and the angle BAC will equal 36 degrees 38 minutes. 





Where the angle required is in even degrees or sixths of degrees 
(as 10 minutes, 20 minutes, etc.), the corresponding chord may be 
taken directly from the table. A 10: i layout is particularly con- 
venient as the multiplication of the tabulated chords by to is readily 
performed mentally. 

TABLE FOR SPACING HOLES IN CIRCLES 

The table on page 845 will be found of service when it is 
desired to space any number of holes up to and including 32, in a 
circle. The number of divisions or holes desired will be found in 
the first column, the corresponding angle included at the center 
being given as a convenience in the second column. The remaining 
column heads cover various diameters of circles from i to 12 inches, 
and under these different heads and opposite the required number of 
holes will be found the lengths of chords or distances between hole 
centers for the given circle diameter. 

Thus, if it is required to space off 18 holes in an 8-inch circle, by 
following down the first column until 18 is reached and then reading 
directly to the right, in the column headed Length of Chord- 
Dia. 8,” will be found the distance 1.389 as the chord length for that 
number of divisions and diameter of circle. Or, suppose a circle of 
12 inches diameter is to be spaced off for a series of 27 holes to be 
drilled at equal distances apart: Opposite 27 found in the first 
column, and under the heading, ^'Dia. 12,^’ will be found the chord 
1.393 the length to which the dividers may be set directly for 
laying off the series of holes. 

If it is desired to lay off a series of holes in a circle of some diam- 
eter not given in the table, say 10 holes in an iif-inch circle, sub- 
tract the chord for 10 holes in an n-inch circle, or, 3.399 from the 
chord in the “Dia. 12 ” colunrn, or 3.708, and add hah the difference 
(0.154) to 3.399, giving 3-553 as the chord or center distance between 
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all rtot ^ to be equally spaced in a 20-incli cirda 

aU that IS necessary m order to find the chord, or center distaS-e 
to find opposite 24, and in the column headed, “Dia 10 ” ti,’! 
quantity 1303 and multiply this by 2, giving a length of’a,^ 
inches as the center distance. •>' > s / 1. a lengtn ot 2.610 

TABLE OP SIDES, ANGLES, AIHi SINES 
_ The table on page 849 is carried out for a much higher num 

and wllf hff included in the preceding taWe 

and will be found useful m many cases not covered by that t"hli> 
computed for finding the thicknesVs of cH 
mutator bars and also for calculating the chord for spacing 
armature punchings In using this table, the diameto M thef cfe 
holes o?'Sdes““^**’^^®‘^ opposite the desired number of 

iUustration that a series of 51 holes are to be equally 
spaced about a arcle having a diameter of 17 inches, opposite st ™ 
the colu^ headed “No. of Sides,” find the UntRy Sfb i^ Z 
column headed “Sme ” and multiply this ^antity by 17 Tk 
product 1.0463 IS the length of the chord or the required distance 
between centers of the holes for this circle. Or, if 40 equiSS 
points are to be_ spaced about a circle 16 inches diameter, opposite 

‘he quantity o.o784so^wMch 

multiphed by 16 gives 1.233 mches as the distance between centers. 
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Table 1 7. —Sides, Angles, AND Sines 
Multiply Diameter by Sine to Get Length of Side 
(Angle given is half of angle subtended at center) 


No. 

Sides 

An^le 

Deff. Mm. Sec. 

Sine 

No. 

Sides 

Angle 

Deg. Min. Sec. 

Sine 

3 

60 

.8660254 

52 

3^7-41.53 

.0603784 

4 " 

45 

.7071067 

53 

3-23-46.41 

.0592405 

S 

36 

.5877852 

54 

3-20 

.0581448 

6 

30 

.5000000 

55 

3-16-21.81 

.0570887 

7 

25-42-51.42 

4338828 

5 ^> 

3-12-51.42 

.0560704 

8 

22-30 

.3826834 

57 

3- 9-2S.42 

.0550877 

9 

20- 

.3420201 

58 

3- 6-12.41 

.0541388 

10 

18- 

.3.090170 

59 

3- 3- 3-05 

.0532221 

II 

16-21-49.09 

.2817325 

60 

3 - 

.0523360 

12 


.2588190 

61 

2-57- 2.9s 

•0314787 

13 

13-50-46.15 

•2393157 

62 

2-54-11.61 

.0506491 

14 

12-51-25. 71 

.2225208 

63 

2-51-25.71 

.0498458 

IS 

12 

.2079116 

64 

2-48- 45 

.0490676 

16 

II-I5 

.1950903 

^5 

2-46- 9.23 

.0483133 

17 

10-35-17.64 

•1837495 

66 

2-43-38.18 

.0475819 

18 

10- 

.1736481 

67 

2-41-11.64 

.0468722 

19 

9-28-25.26 

.1645945 

’ 68 

2-38-49.41 

.0461834 

20 

r 

.1564344 

69 

2-36-31.30 

•0453143 

21 

8-34-17.14 

.1490422 

70 

2-34-17.14 

.0448648 

22 

8-10-54.54 

.1423148 

71 

2-32— 6.76 

•0442333 

23 

7 " 49 ~ 33 * 9 i 

.1361666 

72 

2-30 

.0436194 

24 

7-3°- 

.1305262 

73 

2-27-56.71 

.0430222 

25 

7-12- 

•1253332 

74 

2-25-56.75 

.0424411 

26 

6-55-23.07 

.1205366 

75 

2-24— 

•0418757 

27 

6-40 

.1160929 

76 

2-22— 6.31 

•0413249 

28 

6-25-42.85 

.1119644 

77 

2-20-15.58 

.0407885 

29 

6-12-24.82 

.1081189 

78 

2-18-27.69 

.0402659 

30 

6- 

.1045284 

79 

2-16-42.53 

•0397563 

31 

5-48-23.22 

.1011683 

80 

2-15- 

.0392598 

32 

S“ 37 ~ 3 o 

.0980171 

81 

2-13-20 

•0387753 

33 

5-27-16.36 

.0950560 

82 

2-11-42.45 

.0383027 

34 

5~i 7-38-82 

.0922683 

83 

2-10— 7.22 

.0378414 

35 

5-8-34,28 

.0896392 

84 

2- 8-34.28 

•0373911 

36 1 

5 - 

•°87iS57 

85 

2 - 7 -* 3-54 

.0369515 

v 37 ''i 

4 - 5 I-S 3 - 5 I 

.0848058 

86 

2- S-34.88 

.0365220 

3S 

4-44-12.63 

.0825793 

87 

2- 4— 8.27 

.0361023 

39 

4-36-55-38 

.0804665 

88 

2- 2-43.63 

.0356923 

40 

4 " 30 “ - 

.0784591 

89 

2- 1-20.89 

.0352914 

41 

4-23-24.87 

.0765492 

90 

-2- . 

.0348995 

42 

4-17-8.57 

.0747301 

91 

1-58-40.87 

.0345160 

43 

4-1 1- 9.76 

.0729952 

92 

i-S7-“23.47 

.0341410 

44 

4 - S- 27-27 

.0713391 

93 

I”- 56 - 7*74 

•0337741 

45 

::4 

.0697565 

94 

I- 54 - 53 - 6 I 

.0334149 

46 

3-54-46-95 

.0682423 

95 

j-53-41.05 

,0330633 

47 

3-49-47.23 

.0667926 

96 

1-52-30. 

,0327190 

48 

3-45- 

.0654031 


1-51-20.41 

.0323818 

49' 

3-40-2449 

,0640702 

98 

1-50-12.24 

.0320515 

50 

3-36- 

.0627905 

99 

1 - 49 “ 5*45 

.0317279 

SI 

3 - 31 - 45-88 

,0615609 

[100 

1-48- 

.0314107 
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Table 17.— Sipes j Angles, and Sims^-ConUnued 
Multiply Diameter by Sine to Get Length of Side 
(Angle given is half of angle subtended at center) 


'No, 

Sides 


Sine 

No. 

Sides 

Angle 

Peg, Mn. Sec. 

Sine j 

lOI 

i'“ 4 d- 55 *S 4 

.0310998 


I-II-31.39 

.02080^ ' 

102 

1 - 45 --S 2.94 

.0307950 

152 

I-II- 3.15 

.0206668 

103 

1-44-51.26 

.0304961 

153 

1-10-35.29 

.0205318 

104 

1-43-50.76 

,0302029 

154 

i-io- 7.79 

.0203985 1 

105 

1-42-5 1. 42 

.0299154 

155 

I- 9-40.64 

.0202669 - 

106 

1-41-53.20 

.0296332 

156 

I- 9-13.84 

.0201370 1 

107 

1-40-56.07 

.0293564 

157 

1- 8-47.38 

.0200087 ' 

108 

1-40- 

,0290847 

158 

1—8-21.26 

,0198821 ' 

109 

1 - 30 - 4-95 

,0288179 

159 

I- 7-5547 

.0197571 1 

no 

1-38-10.90 

.0285560 

160 

1- 7-30 ^ 

.0196336 1 

in 

1-37-17-83 

.0282488 

161 

1- 7- 4.84 

.0195117 

112 

1-36-25.71 

.0280462 

162 

1- 6-40 

•°i 939 i 3 

113 

1-35-34-51 

.0277981 

163 

1- 6-15.46 

,0192723 1 

114 

1-34-44.21 

•0275543 

164 

1- 5-51.21 

.0191548 « 

115 

1-33-54-78 

,0273147 

165 

I-, 5-27.27 

.0190387 

116 

1-33- 6.20 

.0270793 

166 

1- 5- 3.61 

.0X89241 

117 

1-32-18.46 

.0268479 * 

167 

1- 4 - 40 . 23 

.0188107 ( 

n8 

1-3I-3I.52 

.0266204 

168 

1-4-17-14 

.0186988 

119 

1-30-45-38 

.0263968 

169 

3-54-31 

.0185881 1 

120 

1-30-’ 

JO261769 

170 

1“ 3-31*7^ 

.0184788 

121 

1-29-15.37 

.0259606 

171 

I- 3- 9.47 

.0183708 

122 

1-28-31.47 

.0257478 

172 

1- 2-4744 

.0182640 

123 

1-27-48.29 

.0255386 

173 

I- 2-25,66 

.0181584 

124 

1-27- 5.80 

.0253326 

174 

1- 2- 4-13 

.0180541 

^25 

1-26-24 

.0251300 

175 

I- 1-42-85 

.0179509 

120 

1-25-42,85 

.0249306 

176 

I- 1-21.81 

.0178489 

127 

1-25- 2.36 

.0247344 

177 

I- I- I. OX 

.0177481 

128 

1-24-22.50 

.0245412 

178 

0-40.44 

.0176484 

129 

1-23-43.25 

.0243509 

179 

I- 0 - 20.11 

.0175498 

130 

1-23- 4.61 

.0241637 

iSo 

I- . 

.0174524 

13^ 

1-22-26.56 

.0239793 

181 

-S9-40.il 

•OI 735 S 9 

132 

I-2I-49.09 

.0237976 

182 

- 59 - 20.43 

,0172605 

^33 

1-21-12.18 

.0236188 

1S3 

- 59 - 0.98 

.0171663 

134 

1-20-35.82 

.0234425 

184 

-58-41.73 

.0170730 

13s 

1-20- 

,0232689 

1S5 

-58-22.70 

,0x69807 

136 

I-I9-24.7O 

.0230978 

186 

-58- 3.87 

.0168S94 

137 

1-18-49.92 

.0229292 

187 

- 57 '" 45-24 

.0167991 

138 

1-18-15,65 

,0227631 

188 

-57-26.30 

.0167097 

139 

1-17-41.87 

.0225994 

189 

“57“ 8.57 

.0166214 

140 

I-I7- 8.57 

.0224380 

190 

“56-50.52 : 

.0165339 

141 

1-16-35.74 

.0222789 

191 

-56-32.67 1 

.0164473 

142 

3.38 

,0221220 

192 

-56-15 

.0163617 

143 

I--IS- 3 I 46 

.0219673 

193 

“ 55 - 57*51 

,0162769 

144 

1-15- 

,0218148 

194 

-55-40.20 

.0161930 

14 | 

1-14-28.96 

.0216644 

19s 

“55-23.07 

.0161100 

146 

1-13-5^-35 

.0215160 

196 

-55- 6.12 

.0160278 

U7 

1-13-28.16 

,0213697 

197 

“ 54 - 49*34 

.0159464 

14S 

1-12-58.37 

.0212253 

198 

-54-32.72 

.0158650 

H 9 

1-12-28.99 

.0210829 

: 199 

-54-16.28 

.0157862 

150 

l~ia* , 

0209424 

1 200 

“ 54 - 

! <>157073 
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Table i y.— S ides, Angles, and Si'^s — Cofiiinued 
Multiply Diameter by Sine to Get Length of Side 
(Angle given is half of angle subtended at center) 


No» 

Sides 

Angle 

Min. Sec* 

Sine 

No. 

Sides 

Angle 

Min. Sec. 

Sine 


53 - 43-88 

.0156244 

251 

43- X.67 

.0125160 

202 

53-27-92 

.0135518 

252 

42-5143 

,0124663 

203 

53-12.12 

.0154752 

253 

42-41.26 

.0124171 

204 

52-56.47 

•0153993 

254 

42-31.18 

.0123682 

205 

52-40.97 

.0153242 

255 

42-21.18 

.0123197 

206 

5^-25-63 

.0152498 

256 

42-11.25 

.0122715 

207 

52-1044 

.G151764 

257 

42- 1 .40 

,0122238 

208 

51-55-38 

.0151033 

25S 

41-51.63 

,0121764 

209 

51-4048 

.0150310 

259 

41-41.93 

,0121294 

210 

51-25-71 

.0149595 

260 

41-32.31 

,0120827 

2 II 

5I-II.O9 

.0148886 

261 

41-22.76 

.0120364 

212 

50-56.60 

.0148183 

262 

41-13.28 

,0119905 

213 

50-42.25 

.0147487 

263 

41-3.88 

.0119449 

214 

50-28.04 

.0146798 

264 

40-54*54 

.0118997 

215 

50-13.96 

.0146115 

265 

40-45.28 

.0118548 

216 

50- 

.0145439 

266 

40-36.09 

.0118102 

217 

49-46.17 

,0144769 

267 

40-26.96 

.0117660 

218 

49-32.48 

,0144104 

268 

40-17.91 

.0117221 

219 

49-18.91 

.0143446 

269 

40- 8.93 

.0x16786 

220' 

49 - S-46 

.0142794 

270 

40- 

.0116353 

221 

48-52.13 

.0142148 

271 

39-51-14 

.0115923 

222 

48-38.92 

.0141508 

•272 

39 ^ 42-35 

.0115497 

223 

48-25.83 

.0140874 

273 

39-33-63 

.0115074 

224 

48-12.86 

.0140245 

274 

39-24-96 

.0114654 

225 

4 ^“’ 

.0139622 

275 

39-16.36 

.0114237 

226 

47-47.26 

.0139004 

276 

39 - 7-83 

.01x3823 

227 

47-34-63 

.0138392 

277 

38-59-35 

.0113412 

228 

47-22.11 

.0137785 

278 

38-50.94 

.0113004 

229 

47- 9-159 ’ 

.0137183 

279 

38-42.58 

.0112599 

230 

46-57.39 

.0136587 

280 

38-34.28 

.0112197 

231 

46-45.19 

•013599 s 

281 

38-26.05 

.0111798 

232 

46-33.10 

.0135409 

i ' 282 

38-17.87 

.01 1 1401 

m 

46-2i.II 

.0134828 

283 

38-9-75 1 

.0111008 

234 

46-9.23 

.0134252 

284 

38“ 1.69 

.0110617 

235 

45-5745 

.0133681 

285 

37 - 53-68 

.0110229 

236 

45-45.76 

.0133115 

286 

17 - 45-73 

,0109844 

m 

45-34.18 

•0132553 

287 

37-37.84 

.0109461 

238 

45-22.69 

.0131996 

288 

37-30 

.0109081 

239 

45-11.29 ' 

.0131444 

289 

37-22,21 

.0108704 

240 

■'. 45 -: 

,0130896 

290 

37-14.48 

JOI08329 

241 

44-48.80 

.0130353 

291 

37-6.80 

.0107957 

242 

44 r- 37.68 

.0129814 

292 

36-59.18 

.0107587 

243 

44-26.67 

.0129280 

293 

36-51.60 

.0107220 

244 

44-15-74 

.0128750 

294 

36-44,08 

.0106855 

24s 

44- 4.90 

.0128225 

29s 

36-36.61 

.0106493 

246 

43-54-iS 

,0127704 

296 

36-29.19 

.0106133 

247 

43-43.48 

.0127187 

297 

36-21.82 

.0105776 

248 

43-32.40 

.0126674 

298 

36-14.50 

.0105421 

249 

43-2241 

.0126165 

299 

36-7.22 

.0105068 

250 

43-12 

.0125661 

300 

36- 

.0104718 
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Sikes— C o«to')ijiei 

Multiply Diameter by Sine to Get Length of Side 
(Angie given IS half of angle subtended at center) 


i Angle 
j Alin. Sec. 

35 -S 2 A 2 

35 - 45-69 

33 - 38.61 
35 - 31-58 
35-24-59 

35-17-65 

35-10-75 
35- 3-90 

34 - 57-09 

34-50.32 

34-43-60 

34-36.92 

34-30.29 

34-23.69 

34-17.14 

34-10.63 
34- 4-16 
33-57-74 

33 - 51-35 

33-45 

33-38-69 

33-3242 

33-26.19 

33-20 

33-13-85 
33- 7-73 
33- 1-65 
32-SS-61 

32-49.60 

32-43.64 

32-37-70 

32-31.81 

32-25.95 

32-20.12 

32-14-33 

32- 8.57 
32- 2 As 
31-^7-16 
31 - 51-50 
31-45 A8 
31-40.29 

31-34.74 

31-29.21 

31-23.72 

31-18.26 

31-12.83 

31-744 

31- 2.07 

30-56.73 

30-5143 


.0104370 

.0104024 

.0103681 

.0103340 

.0103001 

.0102665 

.0102330 

.0101998 

.0101668 

.0101340 

.0101014 

.0100690 

.01003^ 

.0100049 

.0099731 

.0099415 

.0099102 

.0098791 

.0098482 

,0098174 

.0097868 

.0097564 

.0097261 

.0096961 

.0096663 

.0096367 

.0096072 

.0095779 

.0095488 

.0095198 

.0094911 

.0094625 

.0094341 

.0094059 

•0093778 

•0093499 

.0093221 

.0092945 

.0092671 

.0092398 

.0092127 

.0091858 

.0091590 

•0091324 I 

.0091059 

.0090796 

.0090534 
.0090274 
.0090016 
^89758 I 


Angle 
Min. Sec. 

30-46.15 

30-40.91 

30 - 35 -69 

30-30.51 
30 - 25.35 
30-20.22 
30-15.12 
30-10.05 
30- 5.01 
30- 

29-S5»oi 

29-50.05 

29-45.12 

29'-'40.22 

29“*35-34 

29-30.49 

29-25.67 

29-20.87 

29-16.10 

29-11.35 

29- 6,63 

29- 1.94 

28-57.27 

28—52.62 

28-48 

28-43.40 

28-38.83 

28-34.28 

28-29.76 

28—25.26 

28-20.78 

28-16.22 

28-11.91 

28- 7.50 

28- 3.12 

^7“5S.76 

27-54.42 

27-50.10 

27-45.81 

27-41.54 

27-37.29 

27-33.06 

27-28.85 

27-24.67 

27-20.51 

27-16,36 

27-12.24 

27- 8.14 

27- 4.06 


.0089502 

•0089248 

•0088996 

•0088744 

♦0088494 

.0088245 

.0087998 

.0087753 

.0087508 

.0087265 

.0087023 

.0086783 

.0086544 

.0086306 

.0086070 

.0085835 

.0085601 

.0085368 

.0085137 

.0084907 

-0084678 

.0084451 

.0084224 

.0083999 

.0083775 

.0083552 

•0083331 

.0083110 

,0082891 

.0082673 

.0082456 

.0082240 

.0082025 

.0081812 

.0081599 

.0081387 

.0081177 

,0080968 

.0080760 

,0080553 

.0080347 

.0080142 

•<=>079938 

*0079735 

•0079.533 

•0079332 

.007913J 

•0078934 

.0078736 

•0078534 


SIDES, ANGLES, AND SINES 
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Table i y.-— S ides, Angles, and Sines — Continued 
Multiply Diameter by Sine to Get Length of Side 
(Angle given is half of angle subtended at center) 


"No. 

Sides 

Angle 

Min. Sec. 

Sine 

1 No. 
Sides 

Angle 

Min. Sec. 

Sine 

401 

26-55.96 

.0078343 

453: 

23-56.81 

.0069658 

402 

1 26-51.94 

•0078148 * 

452 

23-53-63 

.0069504 

403 

26-47.94 

•0077954 

453 

23-5046 

.0069351 

404 

26-43*96 

.0077761 

454 

23-47-31 

.0069198 

40s 

26-40 

.0077569 

455 

23-44.17 

.0069046 

406 

26-36.06 

.0077378 

456 

33-41.05 

.0068894 

407 

26-32.14 

.0077188 

457 

23-37.94 

.0068744 

408 

26-28.23 

.0076999 

45 ^ 

23-34-84 

.0068594 

409 

26-24.35 

.0076811 

459 

23-31.76 

.0068444 

410 

i 26-20.49 

.0076623 

460 

23-28.69 

[ .0068295 

411 

26-16.64 

.0076437 

461 

23-25.64 

.0068147 

412 

26-12.82 

.0076251 

462 

23-22.60 

.0067999 

413 

26- 9.01 

.0076067 

463 

23 -'i 9 *S 7 

.0067852 

414 

26-“ 5.22 

.0075883 

464 

23-16.55 

,0067706 

41S 

26-' 1.45 

.0075700 

465 

23-13-55 

.0067561 

416 

2 S-S 7-70 

.0075518 

466 

23-10.56 

.0067416 

417 

25-53-96 

•o °75337 

467 

33- 7.58 

.0067272 

418 

25-50.24 

.0075157 

468 

23- 4.61 

.0067128 

419 

25-46.54 

.0074977 

469 

23- 1.66 

.0066985 

420 

25-42.86 

.0074799 

470 

22-58.72 

.0066842 

421 

25-39-19 

.0074621 

471 

23 - 55-79 

.0066700 

422 

25-35-54 

.0074444 

472 

22-52.88 

.0066559 

423 

25-31-91 

.0074268 

473 

22-49.98 

.0066418 

424 

25-28.30 

.0074093 

474 

22-47.09 

.0066278 

42s 1 

25-24.70 

.0073919 

475 

22-44.21 

.0066138 

426 

25-21.12 

•0073745 

476 

22-41.34 

.0065999 

1 

25-17.56 

-0073573 

477 

22-3849 

.0065861 

428 

25-14.02 

.0073401 

478 

22-35.65 

.0065723 

429 

25-10.49 

.0073230 

479 

22-32.82 

.0065585 

430 

25- 6.98 

.0073059 

1 480 

22-30 

.0065449 

431 

25-3.48 

,0072890 

481 

22-27,20 

.0065313 

432 

25- 

.0072721 

482 

22-24.40 

.0065178 

433 

24-56.54 

.0072553 

483 

22-21.61 

.0065043 

434 

24-53.09 

.0072386 

484 

22-18.84 

.0064909 

435 

24-49.66 

.0072220 

485 

22-16.08 

.0064775 

436 

24-46.24 

.0072054 

486 

22-13.33 

.0064641 

437 

24-42 .84 

.0071889 

487 

22-10.59 

.0064509 

43S 

24-39.45 

.0071725 

488 

22-7.87 

.0064377 

439 ’ 

24-36.08 

.0071562 

489 

22- 5.16 

.0064245 

440 

24-32.73 

.0071399 

490 

22- 2.45 

.0064114 

441 

24-29.39 

.0071237 

491 

21 - 59*75 

.0063983 

442 

24-26.06 

.0071076 

492 

21-57.07 

.0063853 

443 

24-22.75 

.0070916 

493 

21-54.40 

.0063723 

444 

24-19.46 

.0070756 

494 

21-51.74 

.0063594 

445 

24-16.18 

.0070597 

495 

21-49.09 

.0063466 

446 

24-12.91 

.0070439 

496 

21-4645 

.0063338 

447 

24—9,66 

.0070281 

497 

21 - 43^2 

.0063211 

448 

34- 6.43 

.0070124 

498 

21-41.20 

.0063084 

449 

24- 3.21 

.0069968 

499 

21-38.59 

.0062957 

4 ?o 

84- 

x ) o 698 i 3 

500 

2T-^6 

,0062831 
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LENGTHS OP GIRCULAR ARCS 


# / table gives the lengths of circular 

I i arcs to the radius of one, for angles from 

I I of arcs are given at the right. ” 

I fl of a circular arc 

tnmutes. Opposite 45 degrees find o.vSw 

opposite 20 minutes 0.0058. Addim! 

If the radius is 2 inches, 


Table i8~ 


“Lengths op Circular Arcs to Radius op 


gree Length Length 


Length Min. Length Min. Length 


0 0.0000 45 

1 0.0175 46 

2 0.0349 47 

3 0.0524 48 

4 0.0698 49 

5 0.0873 so 

6 0.1047 SI 

7 0.1222 52 

8 0.1396 S3 

9 0-XS7I S4 

xo 0.174s SS 
IT 0.1920 56 

12 0.2094 57 

13 0.2269 s8 

14 0.2443 59 

15 0.2618 60 

16 0.2793 61 

17 0.2967 62 

18 0.3142 63 

19 0.3316 64 

20 0.3491 65 

21 0.3665 66 

22 0.3840 67 

23 0.4014 63 

24 0.4189 69 

25 0.4363 70 

fio 0.4538 71 

27 0.4712 72 

28 0.48S7 73 

29 0,5061 74 

30 0.5236 75 

31 0.5411 76 

32 0.5585 77 

33 0.5760 78 

34 0.5934 79 

35 0.6109 So 

36 0.6283 81 

37 0.6438 82 

38 0.6632 83 

39 0.6807 84 

40 0.6981 85 

41 0.7156 86 
43 0.7330 87 

43 0.7505 88 

44 0.7679 89 


S 2.3562 o 
5 2.3736 I 

7 2.3911 2 

S 2.4086 3 

3 2.4260 4 

^ 2.4435 5 

i: 2.4609 6 

J 2.4784 7 

f 2.4958 8 

^ 2.5133 9 

f 2.5307 10 
> 2.5482 II 
’ 2.5656 12 
! 2.5831 13 

I 2.6005 14 

' 2.6180 IS 
2.6354 16 

2.6529 17 

2.6704 18 

2.6878 19 

2.7052 20 
2.7227 21 
2.7402 22 

2.7576 23 

2 . 77 SX 24 

2.7925 25 

2.8100 26 

2.8274 27 
2.8449 28 

2.8623 29 
2.8798 30 
2.8972 31 
2.9147 32 

2.9322 33 
2.9496 34 
2.9671 35 

2.9845 36 

3.0020 37 
3.0194 38 
3.0369 39 
3.0543 40 
3.0718 41 
3.0892 42 

3.1067 43 

3.1241 44 


0.0000 45 
0.0003 46 

0.0006 47 

0.0009 48 

0.0012 49 

0.001S SO 

0.0017 51 

0.0020 52 

0.0023 S3 
0.0026 54 
0.0029 55 
0.0032 s6 
0.0035 57 
0.0038 58 
0.0041 59 

0.0044 60 

0.0047 
0.0050 
0.0052 
o.ooss 
0.0058 
0.0061 
0.0064 
0.0067 
0.0070 
0.0073 
0.0076 
0.0079 
0.0081 
0,0084 
o.ooSf 
0.0090 
0.0093 
0,0096 
0.0099 
0.0102 
o.oros 
0.0108 

O.OIII 

0.0113 

0.0116 

0.0119 

0.0122 


CHOEBAL DIMENSIONS 

Table 19.— Choedal Dimensions 
Used in Multiple Spindle Heads 
These dimensions were prepared by • 
the makers of the Krueger multiple- 
spindle drilling heads to assist in 


\ Dianh\\ 

V 


Chore/ C 

Chore/ B 

Chord A 



Chords, in inches 

Divisions 

A 

B 

c 

. I 

0.00006 

0.00000 

0 . 00000 

2 

I. 00000 

I . 00000 

I . 00000 

3 

0.86603 

0. 86603 

0 , 86603 

4 

1.00000 

0.70710 

0.70710 

S 

0.95106 

0.58778^ 

0.58778 

6 

I. 00000 

0 . 86603 

0 . 50000 

7 

0.97493 

0,78183 

0.43388 

8 

I. 00000 

0.92388 

0.38268 

9 

0.98481 

0 . 86603 

0.34202 

10 

I. 00000 

0.95105 

0.30901 

II 

0.98982 

0.90963 

0.28173 

12 

I. 00000 

0 . 96592 

0,25881 

13 

0.99271 

0.93501 

0 . 2393 ^ 

14 

I. 00000 

0.97492 

0.22251 

IS 

0.99452 

0 . 9 SI 0 S 

0.20791 

16 

I . 00000 

0.98078 

0.19509 

17 

0.99573 

0.96182 

0.18374 

18 

I. 00000 

0 . 98480 

0.17364 

19 

0.99658 

0 . 96940 

0.16459 

20 

I. 00000 

0.98768 

0.15643 

21 

I 0.99720 

0.97492 

0. 14904 

22 

1 I . 00000 

0.99010 

0.I423I 

23 

0.99766 

0.97908 

0.13616 

24 

I. 00000 

0.99144 

0.13052 

25 

0 . 99803 

0.98228 

0.12533 

26 

I . 00000 

i 0.99270 

0.12053 

27 

0.99831 

0.98480 

0.11609 

28 

I . 00000 

0.99371 ! 

0.11196 

29 

0.99853 

0.98682 1 

O.I08II 

30 

I . 00000 

0.99452 

0.10452 

31 

0.99871 

0.98847 

O.IOII6 

32 

' I . 00000 

0.99518 

0.09801 

33 

0.99886 ! 

0.98982 

0.0950s 

34 

I . 00000 

0,99573 

0.09226 

35 

0.99899 

0.9909s 

0.08963 

36 

I . 00000 

0.99619 

0.0871s 

37 

0.99910 

0.99192 

0.08480 

38 

I . 00000 

0 . 99658 

0.08257 

39 

0.99918 

0.99269 

0,08046 

40 

I . 00000 

0 . 99691 

0 . 0784s 

41 

0 . 99926 

0.99338 

0.07654 

42 

I . 00000 

0.99720 

0.07473 

43 

0,99933 

0 . 993 SS 

0.07299 

44 

1 . 00000 

0.9974s 

0.07133 

4 S 

0.99939 

0.99452 

0.0697s 

46 

I . 00000 

0.99766 

0.06824 

47 

0.99944 

0.99497 

0 . 06679 

48 

I . 00000 

0.9978s 

0,06540 

■■, 49 -' 

0.99948 

0.99539 

0.06406 

SO 

1.00000 

0.99802 

0,06279 


This table gives chordal dimensions for a diameter of i inch. For any 
other diameter, multiply the chord given in the table by the given diameter. 
In the diagram, A represents longest chord; JB, second longest chord; and C, 
shortest chord. If iv « number of divisions, then A *== cos 90 JV for odd 
numbers, and i for even numbers; B s* cos 270 N for odd numbers and 
cos 180 -f- for even numbers; C «= sin 180 - 5 - AT. 

Example. — A drill jig is to have 9 holes equally spaced on a lo-inch circle. 
A = 0,98481 X 10 — 9.8481 inches; B — 0.86603 X .10 = 8.6603 inches: 
and C » 0.34202 X 10 = 3.4202 inches. 
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AMERICAN DRAWING-ROOM PRACTICE 

Third-angle projection is standard in American practice, the usual 
arrangement of views being as in Fig. 2. Conventional line 



Bottom view of punch 
Fig. 2 .' — Third- Angle Projection 


LIGHT 


Outline 
of parte 

Section 

lines 


Hidden 

lines 


Center 

lines 


Dimension 

&• extension 

lines 

Cutting 

plane line 


LIGHT 


LIGHT 


Break 

lines 

Adjacent 
parte and 
alternate 
positions 

Ditto line 


LIGHT 






MEDIUM 


The outline should be the 
, outstanding feature and 
the thickness ma37vaT7 to 
suit size of drawing 
Spaced evenly to make a 
shaded effect 

’ Short dashes 

Broken line made up of 
long and short dashes 
alternately spaced 

j Lines unbroken, except 
I at dimensions 

Broken line made up of 
• one long and two short 
dashes, alternately spaced 

■ Freehand line forshort breaks 

Ruled line and free hand 
zig-zagfor long breaks 

. Broken line made up of 
long dashes 


MEDIUM 


- — — Indication of repeated detail 

Fig. 3.— -Lines Used on Drawings 


symbols are shown in Fig. 3, whereas ends of broken pieces are seen 
in Fig. 4. Alternate positions of a i^oving part and connections to 
old work are as in Fig. 5. Figure 6 shows standard section linings. 
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Round solid 


Round hollow 


RecfanQu/ar 


Wood 

Fig. 4. — How Broken Pieces Are Shown 




Fig. 5a. — Indicating 
Two Positions 


^TTTnr New.gtrder 

I HFFT 


Fig. s&. — Showing Old and 
New Parts 


I Cast Iron 


I Bronze, brass 
copper and - 
composi+fons. 

i White metaf, 
zinc, lead, babbit 
and allots 


Sound orheat Insula- 
Kxx^ tion. Cork, hair-felt, F 
wool, asbestos mogp 
S^i^^'-nesia, packing, etc.k 

Flexible material.r 
Fabric/eit, P 
rubber etc. £ 

V/ 7 /\ Fire brick and C 
refractory R 
ZZzd material. L 

■ Electric windings,!" 
electro rT7agneTS,fe 
resistaiice^etc. i 


Marble, slate, 
glass, porcelain, 
etc. 


Aluminum and Concrete 

aluminum alloys 


. Electric insulation 
■ Vulcanite, fibei7j 
I mica, bakelite, etc. 
^ Show solid for ' 
narrow sections 


Brick or stone 
/ masonry 


Water and 
other liquids 


Across grain' 
With grain 


Fig. 6. — Standard Section Lining 


Wood 




DIMENSIONING TAPERS 


Dimension lines, extension lines, and leaders are given in Fig. 7. 
General rules are: 

Dimensions of parts that can be measured or that can be produced 
with sufficient accuracy by using an ordinary scale should be written 
in units and common fractions. Parts requiring greater accuracy 
should be dimensioned in decimal fractions. 

Wire, tubing walls, sheet metal, standard structural sections, 
etc., should be described by commercial designation followed by 
dimension in decimals. 

Dimensions up to and including 72 inches should preferably be 
expressed in inches; and those greater than this length, in feet and 
inches. 



fir 

Extension line 


^'Dimension line 

Fig. 7. — Dimension Lines on Drawings 

Where dimensions call for accurate machining with small toler- 
ances, it is recommended that the total dimension be given in inches 
and decimal fractions. 

In structural drawing all dimensions of 12 inches and over should 
be expressed in feet and inches. 

In automotive, locomotive, sheet metal, and some other practices 
all dimensions are specified in inches. 

Tolerances are shown in two ways such as 8.625 ^0 002 
8.627. 

Dimensioning Tapers 

Tapers are usually given in the difference in diameter per foot of 
length, measured on the axis, not on the slope of the taper. Three 
methods of measurement are used. 

Standard Tapers.— Give one diameter or width, the length, and 
insert note on drawing designating the taper by number taken 
tiom American Standards Association Bulletin 

Special Tapers.— In dimensioning a taper when the slope is 
specified, the length and only one diameter should be given, or the 
diameters at both ends of the taper should be given, and length 
omitted.;'" 

Precision Work.— In certain cases where very precise measure- 
ments are necessary, the taper surface, either external or internal, is 
specified by giving a diameter at a certain distance from a surface 
. and the slope of the taper. 
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s“ew-thread representations are as shown 




- TD rough 


b Tap drill shown 


01 Tapped through 

|^T>i f«D.>) 


b Tap drill shown 


F^o 8 -TWd" s°' f r . = 

■ ■ Jy«bols-Re- Fig. g.-Thread Symbols-Sim 

plined 

STANDARD LATHE SPINDLE NOSES 

adopted Tables^w^td 2a spindle nose, 

tapped holes and a driving button Tv, 3 ^® has two rows oi 
circle tapped holes Tvne Pt hao" 1 h®s only the outei 

for bolts or studs, and d^?ve button ™‘“de, inner 

clearance holes. Type Ci is the 
Sion is made for a ckmpSg JLf lype Ca is th?f 
the clamping ring add&[ Tvdp rf A 2 with 

holes in the flange. Tyne ^ " ring but no 

holes and a series of carnfforlocktoo- 
& important dimensions flo^ ^ tables 

theg 

toper of 3 S.^p”er fM“t‘tnd^rreSb^^^ spindle by a short 
Type Ax nose is recommended for tuLt iSkS.'^Sugh IlTfs 


^/4-/0^C 
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U holes^fap^'l4 NC-$ 

4 Inch nose 


/9/jo/es-fcjp^-/0’-NC~3 








uK 0 


II Inch nose 


W'^M 

'^yib^ 




^0A\ 


iof ■ 






,^’ s 


ft-pn n 

.§ i^ 


Section of 8 in nose 
oinol fcxce plate 


'“'30'“"^ and face pic 

15 Inch nose 

Fig. II.— Bolt Layout for Three Sizes of Lathe Spindles 




STANDARD LATHE SPINDLES 863 

optional. Tor high speeds, Type A2 with 4 inches diameter is 
recommended. The sizes of noses for turret lathes are : 


Over if up to 21^ inches spindle bore or up to if 

inches bar capacity. 6-inch nose 

Over 2 A up to 3! inches spindle bore — 8-inch nose 

Over si up to sf inches spindle bore. x i-inch nose 

Over si up to 8f inches spindle bore. 15-inch nose 

Over 8| up to 13 inches spindle bore 20-inch nose 

Type Ai nose is recommended for single-spindle automatics as 
follows: 

Machines taking 6-inch chucks S-inch nose 

Machines taking 8-inch chucks 6-inch nose 

Machines taking 10- and 12-inch chucks. 8-inch nose 

Machines taking 15- and 18-inch chucks ii-inch nose 


For multiple-spindle automatics and engine lathes or for work 
spindSes of grinding and bobbing machines, T3rpe Ai or A2 of the 
foUowing sizes is suggested. The type and size depend on the 
service. 


Machines taking 4i-inch chucks. 4-inch nose 

Machines taking d-inch chucks S-inch nose 

Machines taking 8-inGh chucks. ............ . 6-inch nose 

Machines taking 10- and 12-inch chucks. ..... 8-inch nose 

Machines taking 15- and i8~mch chucks ii-inch nose 


! Dimensions of spindles are shown for 4, ii, and 15 inches. These 
I show the spacing and arrangement for all sizes. The number of 
I holes in each is given at the foot of Table 22. Details of the 6-hole 
spindle with cam lock are given in Table 21. The clamp-ring 
method and dimensions are seen in Table 23. Faceplate and 
I chuck-body dimensions are shown in Table 24. 
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Table 21.— Dimensions op Type Di Spindle Noses 
American Standard Lathe Spindle Noses for Turret Lathes and Automatic Lathes 




Table 21 —Coniintied 
Cam Screw 
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♦Use length of pilot S3, Table ir, in place of length of pilot D, Table 3, on spindles A2, C2, and C3. 
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Essential Spindle-Nose Dimensions 


No. 20 No. 30 No. AO No. so No. 60 
ii Inch) (li Inches) (if Inches) (2I Inches) (4! Inches) 


2.7493 
2 , 7488 
0 . 692 
0.68s 


I . 0006 
I . 0002 


Above dimensions approved as N.M.T.B.A. standard by the Committee 
on Milling Machine Spindle Nose Standardization of National Machine 
Tool Builders Association, July II, 1938. 

Above construction covered by U. S. Patent 1794361. For license to use 
any part of this construction apply to P. A. Parsons, patent attorney. 
Mariner Tower, Milwaukee, Wis. 

The patents on these designs have now been dedicated to the public and 
were adopted as an American standard in 1943. 
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Face of column K-/??/)?. 

P^r'fecf . , 

D’l C Max.varfaHonf ^ -L j —f 


. J Fey f/qhf f/f/n 
. mm, - >1 s/o! when inser! 


K FH key is used K-F>1 


Fig. 12.— Standard Milling-Machine Nose 




Fig. 1 3^^. —Standard Arbor for Milling Machines 


Essential Arbor Dimensions 



i No. 10 

1 (1 Inch) 

No. 20 
(1 Inch) 

No. 30 
(li Inches) 

No. 40 

Ci| Inches) 

No. so 
(2i Inches) 

No. 60 
(4i Inches) 
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1 1.547 

12.359 

S 



if 
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1 ■■ ■ l 

If 
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I 
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If 

2f 
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2 

2 if 

3f 

A 
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i' '8 ^ 

W 



'h 

i / ^ ■ 

, f 

, f 

TT 



( 0 . 640 

f 0 . 890 

1.390 

(2.400 




1 0.62s 

1 0.87 s 

1. 37 5 

1 2.390 

t/ 



1 0.630 

10.630 

1 . 008 

11.008 

X 



jo. 640 

10.640 

1 1.018 

1 1.018 


NC '3 NC -3 






FT 


Fig. 13&. — Draw-In Bolt 
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0' 



f-13 

f-ii 

1-8 

lf -7 

D' 



f-i 6 

f-13 

f-ii 

1-8 


Above dimensions approved as N.M.T.B.A. standard by the Committee on 
Milling Machine Spindle Nose Standardization of National Machine Tool 
Builders Association, July II, 1938. 

Above construction covered by XJ. S. Patent 179436 r. For license to use 
any part of this construction, apply to F. A. Parsons, patent attorney, Mariner 
^Tower, Milwaukee, Wis. 
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STARHARD MILLING-MACHmE SPINDLES AND ARBORt! 

leading biSdS toSn^macMtoin 1^7® 

four sizes as shown in Fks lo and 

JUI....Z.38. Tbetwo?ialier^“^^^^^^ 
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lit.. t 

■r, . , K-- «... 

i?iG. 14.— Adapter for Milling-Macliine Spindles 


^d. Five adapters for use with the standard spindle ends are 

ter-fl- T??"® “l^gisters over outside Jspindle eL is 
Wted to Its face It is used for arbors and tools havinVa treaded 
end for draw-in bolt At J is a face mill held by four^screws and 



AH dimensions in inches. A tolerance oi plus 
o.ooi inch is aHo wed for width of throat when 
tongues must fit. There is a secondary stanciard 
^ Avith the width of throat the same as the nominal 

S u diameter of T bolt. Width of tongue used with 
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Table 26. — Dimensions foe T-Slot Cuttees— Fig. 2 


Width of Throat 

Thickness of 
Cutter H 

Diameter of 
Cutters A 

Diameter 

Lenph 

Neci 

T 

Standard 

Nominal 

Bolt 

Maxi- 

mum 

Mini- 

mum 

,Maxi- 
1 mum 

Mini- 

mum 

/rxr^. .N 

! 01 
Neck 

1 ^ 

L . 


lit 


Table 27. — ^Dimensions for Standard T Bolts — ^Fig. 3 


Bolt Heads Dimensions and Tolerances 


Diam- I 

eter 
of 



Width across Flats, A 


Height, H 


Toler- 

ance 

Mini- 

Width 

Maxi- 

Toler- 

ance 

(Mi- 

nus) 

mum 

across 

Corners 

mum 

(Basic) 

(Mi- 

nus) 

0.031 

A 

0.663 

•h 

o.or6 

0.031 

la 

0.796 

* 

0.016 

0.031 


0.972 

J 

0.016 

0,031 

¥ 

1.238 

A 

0.0x6 

0.031 


I.S 91 

ft 

0.0x6 

0.031 


1.856 

n 

0.031 

0.031 

If 

2.387 


I 0,031 

0.031 

zh 

2.917 


0.031 

0.031 1 

' j 


3.536 


0.031 







* 





Table 28. — Dimensions and Tolerances for Standard T Nuts — Fig. 
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Fig. 8. — Reversible Tongues for Two Widths of T Slots 
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are for Nos. 9, 11, and 12 Brown and Sharpe arW ’ ’ 

TOOLHOLDER SHANKS AND TOOL-POST OPENtNGS 
Nomenclature for Tool Pocs+c fn-#* Ta+i.^« 't*- j » - 


_ — x.wuiu-j-vmr opewingci 

Nomenclature for Tool Posts for Lathes, Turret Lathp« vt • 
MiUs, Planers, and Shap^ Bomg 


sJjSingponlis^rf* a^wTand pfint’^xy po\nt°Lav^^ Planing, and 

de^Sf If- ‘POI in 

a. yn- ^ . «» or 


rar^'eir^” “tWreqGirellTe usV of aS“ 

in »o* 

screw, a round post, and a base. ® ^ ^ planers, consists of £ 


Lathe v , , , 
Rockerbase"^. 
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(edge , 
v Too/ / 


s--- Too/ post screw 
yToo/post 
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I or too/ 
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Too/ post y 
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Too/ rest'-F 
Fig. 15.. 
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FJahge 

-Single-Point Tool and Tool Post 
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F/ange-^ '''C/a^ 

Fig. 16.— Single-Screw Tool Post 


wt*” aira^r Sigfat t'he°otS’f screw at one end 

bottom of a ^^ilock fitted into theT slot oTtb^^a+l recessed in the 

, Sa. hathe-Tool-Post Collar -—Tti i Su x® ^®st, Fig. 15. 

ring fitted about the Lse^om^^ collar is usually a 

steps on the npp^^lace nr. IV® ^ 

? “aPl- also inay consist of a ring 


uoviaea with a circular seat n-n ^ .*^^30 may consist of a rine 

base on which th^tool *^® ^PP®" f^ce into which is fitted a rocke? 



TOOL POSTS 
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sc/ Rocker Ba&e.—'The rocker base, Pig. is, is that part which fits into 
the circular seat of the tool-post collar. It supports the tool and furnishes a 
means of adjusting the height of the tool point. 

6a. Shaper -Tool -Post Circular Flange. — The shaper-tool-post circular 
flange. Fig. 1 6, is recessed into the back face of the clapper and passes 
through the clapper and a serrated tool-base plate mounted on the face of the 
clapper, against which the tool base bears. 

6b. Screw Plate. — A screw plate is frequently provided for use between 
the screw and tool shank to distribute the pressure and to prevent damage to 

the shank. Pig. 1 6. 



■Tool post 
screw'— 

Tool post 
holding- 
screw 1 


Tool post 
column 


Tool 

‘RockerA 

Fig. 17. — ^Open-Side Tool Post 




shank 


'Fixed 
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Fig. 18.^ — Four- Way Tool Post 
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^ rLaf he fool 
\ rest 
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■f S ii ft i, 


Blocks- 


tT" Opfjbnal 
bui not 
less f Han ^ 


Fig. 19. — T-Bolt Stud Tool Post 


7a. Serrated Wedges. — Serrated wedges are sometimes used with square 
tool posts in screw machines or in open-side tool posts for vertical adjust- 
ment of the tools. 

7b. Adjustable Collar and Nut. — An adjustable collar and nut fitted 
about the base of a round tool post is sometimes used in screw machines to 
provide the vertical adjustment of the tools. 

8. Open-Side Tool Post. — The open-side tool ijost for lathes, Pig. 17. 
carries one or more binding screws. It may be provided with either a rocker 
base or flat tool-base plate. 


I 

i 



886 SHOP AND DRAWING-ROOM STANDARDS 

aVW*Srr^^i»|sa».T£a 

two sets of studs. usea. ■«■ i^e iarge lathes are provided with 



Tool bofse 
I p/cfte 

Pf'C/apper 


-Recessed Studs 


toro'f beying on the 

compound tooUeet or on paraUelsu^^^^^^ 

«d pass through the serrated SaTnsfMflT^a’ 


TOOL SHANKS 


887 


1 
'S . 

Mini- 

mum 

C 

H-l H 


c3 

il'j 

S M 
OM 

1" 

<dP^ 

I 

Maxi- 

mum 

C 

bo 

a 

1 

Mini- 

mum 

B 


H N <M « CO CO ''t' >0 


wi R 01 b.R 

H«3 IhcoIoo "ihhIhhIoo h H«JWlooHoeirt!c»H!'()i 

HHW HMtNC< . <NCO«0'^to 


0000 0 H H 


Ss 

^ -r 
00 

&" 

a ho 

Nominal 
EX B 

^^•MSSR 

XXXX 

•^IhhnHhujIoo 

H H H M 

mI'® 

|h«|oqiio1oo 

H H H W 

xxxx 

h»”I5”R 

M M (N CO 

HwpNwI'iIihI-miHw 
H d CM CO CO 

xxxxx 

W|OOH|NM|00 

CO '«;}• ^0 

§ 

i Itq 

Tf- O\00 H 

J>. CO <N 

CO 0 'St 0 0 

S 

0 H COO 

00 H 10 o\ 

't 0 0 'd- CO 

S 

s a 

I 

I 

I 

I 

H Cl W CM 

CO "d* "d* 100 

a 

ih 

0 . ivoo H 

VO LO H 

H XCs, 0 H tt 

0 

ri - 100 00 

0 M COO 

Os Cl C>. M 00 

■p 

a 

d d d d 

1 

I 

I 

0 

H Cl CM CO CO 

w 

H 






xxxx xxxx xxxxx 

mIoohInotK ejloo wWihI«jh1h hN 

HMH<N C»<NCOCO lOVO 


W «N CO CO "ch 10 lOvO j>» 


OOOVOIN. O^OCO''^ OOvOC^O 

tO'O OOC^IHCO vOOncnvO<n 

O O O O 0 O H H H H (N M CO 


xxxx xxxx xxxxx 



888 SHOP AND DRAWING-ROOM STANDARDS 


Table 34.— Dimensions of Bits anb Shanks of TooLHoiDEiig 
AND Tools 
(In Inches) 


Square 1 


Rectangular 

========: 

Cross- 

Section 

Length 

Material 

Cross- 

Section 

Length 

Material 

A 

h* ih 2, 2i 

H 

i X i 

If*2| 

H ■ , ."™“, 

i 

L* If,* 2, 

H 

i X A 
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H 

i 

2 i 

S 

itx h 

3 . 4 . 5, 6, 7 , 10 

H 

i 

$ 
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i X i 

If* 

H 

A 

2i 

!T W 

^ X 

3 

H 
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H 

^ X 1 

2L* 3 
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2I 

HS 
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il,* 2* 
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iVX 1 

6 

lH' ■' 




^xif 

2f* 

H 

f 

2i 

T WS 

t X ^ 

2| ■ 

T 

f 

If.* 2 * 3 

H 

1 X f 

3 . 4 . b 

H 




t X f 

4 . 5,6 
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Itx 1 

2f,’i* 2i* 2f,* 






3 f,* 4 , 6,14 

H 

1 



f X 1 

6 

H 




1 X If 

If* 

H 




I X If 

2f* 

H 

A 


HS 

AX 1 

4 f* 

H 


3 f 

T WS 

f X H 

3 f : 

H 

1 

2 * 3,* 4 

H 

f X 1 

3l.*4i 

H 


4 

S 

It X I 

7 

T WS 




1 X I 

3i.* Si* 

H 




1 X If 

3l* 

H 




f X If 

7 

H 




I X If 

4l* 

H 




1 x 2 

3f* 

H 

I 

4 

T WS 

1 x f 

5 , 6, 7 

H 

I 

2i,* 3 f* 41 

H 

1 ’ x I 

7 

S 

1 

4f 

S 

ft X If 

8 

T W S 




1 X If 


H 




f X If 

6f* 

H 




f X If 

6f* 

H 

1 

4, 4f, S 

S 

1 X 1 

6 

HS 

I 

4f 

W 

1 X If 

7l 

H 

f 

2 I,* 3f,* S 

H 

ft X If 

9 

HT WS 




f X If 
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H 

I 

2i 

W 
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7 

H 
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5 

T 
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9 

s 

1 

5, 6. 7f 

S 




1 

5 i, 

H 




I 

3,*4.* S,*6. 7i 

H 

I X If 

7 

W S 

1 

6, 7, 7i 

S 

I X If 

9 

T 

I 

7 . 

T W 

I X If 

10 

T W S 

If 

8 

H 

I X If 

6f*' ■ i 

H 


7, 8* 

T WSH 

it X 2 

12 

T W S 


10 

T 




2 

12 

T 





H indicates high-speed steel; S, stellite; W, tipped tungsten carbide; and 
T, tantalum carbide. 

* Special high-speed steel bits for turret lathes. 

t These si2^ are given in Table 33. 

This table includes practically all sizes now marketed. Simplification is 
desirable, but the results of several recent surveys indicate stich a great 
diversity of sizes that to arrive at fewer standard sizes will require consider- 
able time. 
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Gam Clamp for Jigs 

When properly designed, cams make rapid and effective clamping. 
The diagram gives the layout; and the table, the dimensions. The 
second column gives the maximum travel, and the third column, the 
effective clamping range, which should never be exceeded. In 
cases of excessive vibration, the H dimension should be decreased 
V inch. ,The pressure exerted by i pound on a i-inch lever is 
^ven in column 4, which shows that i pound gives 8.4 pounds 
pressure on a i-inch lever. 

Table 35.^ — Proportions op Cam Clamps 
Clamping devices for jigs and fixtures can be operated by these 
cams without danger of unlocking. In the table are given the 
necessary data for cams of different sizes. 
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In.: 


a^ricaw standard shafting and stock keys 


***W 4^XW ox 

square and 

up to 6 inches in diametet These 

finished stock and used without fu?Ler SaSw ?L 1-°“ 

and tolerances given in the table havin^been fafd*witf 

wS S'. t £*?’"»? “• 

^c^tate gaging for tile correct depth of kevseat w}i#an order to 
This dimension is calculated on the tesis of the Weat Vhe^' 
to a depth equal to one-half the hekht of the Lt ^ j 

to be used withouSunL^ Tb™ «d are 

.» «o„ ^^1.“ S" *» -« tb, 

tolerances in column 4 (Tolerance on and 77^ ar^ n* 

fs sgrltssiS^ ‘®”Tss 


AmCRAFT “TOOL MASTER” 

Co^sr whlrh^ the Aircraft War Production Council of the West 

following I^yan, use thf 

JhiZT ^ ‘'vo-dimensional auXity for contours 

toured turiaces. ^ three-dimensional authority for con- 

loi^tiontmbStionran^^^^^ ^‘^‘ho^ty for 
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and Flat Plain Parallel Stock 

'■■'Keys ■ ■ 

(In Inches) 

American Standards Association, Oct. 
1943 


->|Wk- 


• ->i :/i<---i — 


L 
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Tolerance 

on 

seat to . Opposite 
Side of Shaft 

PFandiJ 
(— ) 

Square 

Key 

S 

Flat 

Key 

T 

0;0020 

0.430 

0.445 

0 . 0020 

0-493 

0.509 

0,0020 

0.517 

0.548 

0.0020 

0.581 

0.612 

0.0020 

0.644 

0.676 

0 . 0020 

0.708 

^ 0.739 

0.0020 

0.771 

0.802 

0.0020 

0.796 

0.827 

0 . 0020 

0.859 

0.890 

0.0020 

0.923 

0.954 

0.0020 

0.986 

1 .017 

0 . 0020 

1.049 

1. 08 1 

0.0020 

1.112 

1. 144 

0 . 0020 

1. 137 

i.i6g 

0.0020 

1. 201 

1.232 

0,0020 

1.225 

1.288 

0 . 0020 

1.289 

1.351 

0 . 0020 

I -352 

1 .415 

0.0020 

1.416 

1.478 

0.0020 

1.479 

1.542 

0.0020 

1.542 

1 .605 

0.0025 

1 . 5 27 

1.590 

0.0025 

1.591 

1.654 

0.0025 

1.655 

1.717 

0.0025 

1.718 

1.781 

0.0025 

1,782 

1.843 

0.0025 

1.845 

1 . 908 

0 , 002 5 

1.909 

1.971 

0.0025 

1.972 

2.034 

0.0025 

1. 957 

2.051 

0.0025 

2.021 

2. 114 

0.0025 

2 . 084 

2.178 

0.0025 

2 . 148 

2.242 

0.0025 

2.275 

2.368 

0.0025 

2 . 402 

2-495 

0.0025 

2.450 

2.575 

0 . 002 5 

2.514 

2.639 

0.0025 

2.577 

2,702 

0.0025 

2.704 

2.829 

0.0625 

2.831 

2.956 
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Table 36. Dimensions oe Square and Flat Plain Pabat 
Stock ^- E ^ s-Continued 

— - (^In Inches) . . . . 


Shaft 

Diameter 


Square Key 
WXH 


Plat Key 
WXH 


Tolerance 

on 

W and H 
(-“) 


Bottom of Kev- 


0.0030 

0.0030 

0,0030 

0.0030 

0.0030 


If X ii 
li X li 
Xii 
li X li 
if Xii 
li X li 


o . 0030 
0.0030 
0.0030 
0.0030 
0.0030 
0.0030 


li X ii 
if X li 
4 X il 


0.0030 

0.0030 

0.0030 

0.0030 

0.0030 

0.0030 


li X I 
if X I 
li X I 


o . 0030 
0.0030 
o . 0030 




Wx ff 


Tolerance*' t on 
W and H (— ) 




if X li 
2 X li 
2i X il 


2i X if 
3 X 2 


o . 0040 
o . 0040 
0,0040 
0.0040 


X 2i 
4 X 3 
I X 3i 
6X4 


o . 0050 
o . 0050 
o . 0050 
o . 0050 


“ ■ . ■. . . . ... 1':.- 

have se/aoSdingfy general nm of work and the toleram 

3?bv*i°f hi™ *^® ,“ajinium allowal 

-eTa 2:o“6 X /.oSs. Ind S 
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Formula: A = - TE») 

J) ^ shaft diameter. W = width of keyway. 
Example.— I “inch keyway in i^d nch shaft 

i = J(i-687S - V 2-845 - 0-390) 

= -|( i .68_7 — 1.566) 

= 0.060 inch. 





Table 38. — Finding Total .Keyway Depth 

In the column marked ^^Size of Shaft” find the number repre- 
senting the size; then to the right find the column representing the 
key way to be cut and the decimal there is the distance Aj which 
added to the depth of the key way will give the total depth from the 
point where the cutter first begins to cut. 


Size of 
Shaft 

i 

is 

f 

is 

i 

Keyway 

Keyway 

Keyway 

Keyway 

K ey way 


0.032s 

0.0289 

0 . 02 S 4 

0.0236 










0.0413 

0.0379 




% 





0.022 

0 . 0346 
0.0314 
0.0283 

o.osii 

0 . 046s 
0.042 




0.0198 

0.0177 



f 

0.0583 



0.0164 

0.0264 

0.0392 

0.0544 


I 

0.0152 

0.0246 

0 . 036s 

0 . 0506 

0.067 


0.0143 

0.0228 

0.0342 

0 . 0476 

0.062s 

li 

0.0136 

0.021 

0.0319 

0.0446 

0.0581 

iiV 

0.0131 

0.0204 

0 . 0304 

0.0421 

0.0551 


0.0127 

0.0198 

0.029 

0.0397 

0.0522 

* lA 

0.0123 

0.0191 

0.0279 

0.038 

0.0499 

If 

0.012 

0.018s 

0.0268 

0 . 0364 

0.0477 

I A 

0.0114 

0.0174 

0 . 02 S 4 

0 . 0346 

0.0453 


O.OII 

0.0164 

0.024 

0.0328 

0.0429 

I ^ 

0.0107 

0.0158 

0.0231 

0.0309 

0.0412 


o.oios 

0 . 0 IS 3 

0.0221 

0.0291 

0.0395 

tii 

0.0102 

0.0147 

0.0214 

0.0282 

0.0383 

if ■ . 

0.0099 

0.0142 

0.0207 

0.0274 

0.0371 

I li 

0.0095 

0.0136 

0.0198 

0.026s 

0.0355 

i| 

0.0093 

0.013 

0.019 

0.0257 

0.0339 

I If 

0.009 

0.0127 

0.0184 

0.025 

0.0328 

2 

0.0688 

0.0124 

0.0179 

0.0243 

0.0317 

2 is ■ 

0.0083 

0.0117 

0.0173 

0.0236 

0.0308 

: 

0.0078 

O.OIII 

0.0168 

0.0229 

0.0299 

, 2 is ' 

0.0073 

0.0109 

0.0163 

0.0222 

0.0291 

2 i 

0.007 

0.0107 

0 . 01 S 9 

0.0216 

0.0282 

" '■ 2 is . ' , 

0.0068 

0.0104 

o.oiss 

0.0209 

0.0274 


0.0066 

0.0102 

0.0152 

0.0202 

0.0267 

2 is 

0 . 0064 

O.OI 

0.0149 

0.0198 

0 . 026 


0.0063 

0.0098 

0.0146 

0.0194 

0.0253 
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Pratt & WMtney, Round End Keys 

The length may vary from the table given, but must at If-acf 
x-f ^ maximum length of slot is ( 4 '' + W 

Note that the width (W) is in all cases equal to the depth (B) ' 

fCeysmadew/'ffimvnct 

/■ — " Ends and KevivaysCaf' 

C J IfV tnSpdneMr/Jer 




Table 39. — Pratt & Whitney Key System 


7 

8 i 


w 

H 

D 

Key y 

No. ^ 

w* 

A 

A 

A 

22 

i 

A 


A 

23 if 

* 

i ■ 

A 


F 

f 

A 


A 

24 

i 


A 

1 

25 ij 

A 

A 


A 

G 

1 

i 

A 

f 

51 

i 

A 

¥ 


52 if 

A 

A 

A 

A 

53 

i 

A 

a 

A 

26 

A 

X 

A 

A 

27 2 

i 

A 

f 

A ^ 

28 1 



I ^ 

A it 

1 f 


A 

f A 



A 54 
A 55 

A 57 


A 30 
A 31 
i 32 
A 33 
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Plain Taper Stock Keys, Square and 
Flat 

Adopted by Am., Stand. Asso., 
Oct., 1943 American btandara, 
February, 1927 
Table 40. — Dimensions and 
Tolerances 




t 

. — w— ^ 

1— — L — — 


Diameters 

of 

Shafts 

(Inclusive) 

Square Type 

Flat Type 

Tolerances on 
Keys 

Maxi- 

mum 

Width 

W 

Height 
at Large 
Endi 

H 

Maxi- 
mum 
, Width 

1 

■ W 

Height 
at Large 
Endi 

H 

Width 

(Minus) 

Height 

(Plus) 

^ to A 

i 

i 

i 

A 

1 

0.0020 

0.0020 

I to 1 i 

A 

A 

A 

i 

0.0020 

0.0020 

Htoii 

i 

i 

i 

A 

0.0020 

0 . 0020 

1-^ to if 

1 

■ 1 

I 

i 

0.0020 

0.0020 

lit to 2i 

1 


1 

t. 

0.0025 

0.0025 

2-a to 2i 


f 

f 

* 

0.0025 

0.0025 

2i to si 

1 


1 

i 

0.0025 

0.0025 

3I tosi 

1 

i 

1 

1 

0.0030 

0 . 0030 

3I to 4! 

I 

I 

I 

f 

0.0030 

0.0030 

4 f tosi 

l| 


xi 

i 

0.0030 

0.0030 

si to 6 

I§ 


li 

1 

0.0030 

0.0030 


Table 41 . — Stock Lengths of Plain Taper Stock Kkys 


Shaft 

Diameter, 

(Inclusive) 

Length of Key,* jL 

i - ^ 

i 

i 

I 

li 

li 

4 

2 

1 _ 1 

i 


4 


2i 

4 

3 

it-ii 

I 

if 

2 

2I 

3 , 

3 i 

4 

iA“x| 

4 

l| 

2| 

3 i 

si 

4 i 

si 


4 

2i 

3 

3f 

4 

si 

6 


2 


4 

5 

6 

7 

8 

2*— af 

A 

si 

5 

6i 

7l 

8| 

10 

n - 3 i 

■ ^ ' 1 

4 i 

6 

7 i 

9 

loj 

12 

3 f - 3 f 

si 

^ Si ’ 

7 

8i 

lof 

12i 

14 

3 i - 4 i 

4 

6 

8 

10 

12 

14 

16 

4 -si 


7i 

10 

12J 

IS 

i 7 i 

20 

si -6 

6 

1 9 

' 12 ■ ^ 

15 

18 

21 

24 


r , * The minimum stock length of keys is ecjual to four times the key width, 
and the maximum stock length is equal to sixteen times the key widtn. The 
increments of increase in length are equal to twice the width. 





This heigth of the key is measured at the distance W from the gib head. For length see Table 3. 



Table 43.— Cold-Fiotshed Shafting, Standard Diameters anb 
. Lengths 

Adopted by American Standards Association, October, 1943. 
Diameters and Tolerances 


Transmission 
Shafting 
Sizes in 

Machinery 
Shafting 
Sizes in 

Toler- 
ancesi on 
Diameters 

(-) in 

Inches 

Transmission 
Shafting 
Sizes in | 

Machinery 
Shafting 
Sizes in 

Toler- 
ances! on 
Diameters 
(- ) in 
Inches 

Inches 

Inches 

Inches 

Inches 


1 1 

0.002 

2A 

2^ 

0. 004 


9 

16 

0.002 



0 . 004 


5 

8 

0.002 


2A 

0.004 


11 

0.002 


2I 

0.004 


i 

0.002 

2 A 

2 A 

0.004 


if 

0.002 


2| 

0.004 


i 

0.002 


2f 

0.004 


a 

0.002 


2| 

0.004 


i 

0.002 


2I 

0.004 


lA 

0 . 003 


3 , 

0.004 


i-l 

0.003 


si 

0.004 

lA 

lA 

0.003 


3 | 1 

0.004 


li 

0 . 003 


3 f i 

0 . 004 


lA 

0.003 

sA 


0.004 


if 

0.003 


3I 

0 . 004 

lA 

lA 

0.003 



0.004 


li 

0.003 

sH 

si ■ 

0 . 004 


i^ 

0.003 

! 4 

0 . 004 


if 

0 . 003 


4 i 

0.005 


lA 

0.003 

4 A 

4 i 

0.005 


if, 

0.003 


4 f 

0.005 


lil 

0 . 003 

5 

0.005 


i| 

0.003 


si 

0 . 005 



0 . 003 

sA 


0.005 


2 . 1 

0.003 

016 

si 

0 . 005 


2A 

0.004 

6 

0.005 


2I 

0.004 





1 Note. — These tolerances are negative and represent the maximum allow- 
able variation helow the exact nominal size. For instance, the maximum 
diameter of the i H-inch shaft is 1,938 inch and its minimum allowable diam- 
eter is 1.935 inch. 

Standard stock lengths for cold-finished shafting shall be 16, 30 and 24 feet. 

Ground Steel Shafting 

Ground shafting is used in many parts of machine building. On 
Cumberland shafting, which has been ground since about 1880, the 
tolerances on shafts 2-^ inches and smaller is from basic to 0.002 
inch undersize. Shafts from 2I to 8 inches are undersize from basic 
to 0.003 inch. It can also be obtained 0.0005 oversize to 0-0005 
inch undersize, and from basic to 0.0005 inch under. The shafts can 
be supplied up to 60 feet long and within 0.0025 inch of straight- 
ness. Ground shafting will frequently save much time where it 
can be used. 
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A.G.M,A. STANDARD KEYWAYS FOR HOLES IN GEARS 

The August, 1937, revision of the “ Recommended Practice of the 
American Gear Manufacturers Association for Standard Ke3rways 
for Holes in Gears'^ provides an enlarged and revised table of key- 
ways for holes in gears and key-stock sizes. 

Ke3rways are to be cut from exact nominal size to plus 0.002 inch 
in width, and the depth shall be nominal to plus inch for straight 
keys. For taper keys, the depth shall be from nominal to inch 
minus. For heat-treated pinions, the depth shall be ^ inch minus 
o to plus inch over nominal size within ^-inch R in corners of 
the keyway. 

It is understood that these keys are to be^ cut from cold-finished 
stock and are to be used without machining, as this A.G.M.A. 
standard is for general industrial practice. The keystock is to 
be cold-rolled steel 0,10 to 0.20 carbon. 


Table 44. — Keyways in Geab: Hubs 


Diameter of 
Holes Inclusive 

Standard 
i Keyways 

1 

Key Stock 

special 1 

Keyways 1 

Key Stock 

' Width 

Depth 

Width 

Depth 

A 

to 

A 

A 

A 

A 

X 

A 



4 



4 

to 

A 

4 

A 

4 

X 

1. 

8 

i 

A 

X 

A 

4 

to 

i 

A 

A 

A 

X 

3 

16 

A 


A 

X 

4 

if 

to 

li 

i 

i 

i 

X 

i 

i 

A 

4 

X 

A 

lA 

to 


A 

A 

A 

X 

A 

A 

A 

A 

X 

! 

lA 

to 

li 

1 

A 

1 

X 

4 

4 


1 

X 

2A 

to 

to 



4 

A 

4 

■i 

X 

X 

4 

4 

4 

f 

A 

A 

4 

4 

X 

X 

A 


to 

3 i 

1 



X 

f 



i 

X 

4 

dA 

to 

3f 

8 

A 

i 

X 

1 

1 

A 

i 

X 

3il 

to 

4 i 

I 

i 

I 

X 

I 

I 

f 

X 

X 

f 

4A 

to 

si 

li 

A 

ij 

X 

i 






5 A 

to 

64 

i4 

i 


X 

X 






6A 

to 

74 

if 

i 

li 

X 

Xj 






7A 

to 

8if 

2 

i 

2 

X 

if 

1 ' ■ 





9 

to 

1044 

2j 

i : 


X 

If 

1 





II 

to 

1241 

3 

: I-.". 1 

3 

X 

2 






X3 

to 

1444 

3i' 

li 

3 i 

X 

2f 






15 

to 

1744 

4 i 

I2 

4 

X 

2f 




' v'. 


18 

to 

21 

5 

if 

5 

X 

3i 







Keystock is to vary from the exact nominal size in width, and thickness to 
a negative tolerance as follows: 

Keys to f inch square, inclusive, —0.002 
Keys 4 to f inch square, inclusive, —0.0025 
Keys i to 14 by i square, inclusive, —0.003 
Keys if by if to 3 by 2 square, inclusive, —0.004 
Keys 3I by 2I to s by sf square, inclusive, — o.ooj? 
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WObDRTJFF KEYS, KEY SLOTS, AHD CUTTER STAM)ARBS 
APPROVED BY THE AMERICAN STAISTDARB 
ASSOCIATION, DECEMBER, 1930 

The standardization of Woodruff Keys was undertaken with a 
view to establishing a logical and simplified series to replace, with 
the least possible disturbance, the several individual standards in 
use, thus permitting interchangeability of keys made by different 
manufacturers and eliminating, as far as possible, the special or 
little-used sizes. 

The#most suitable type of key-slot cutter was selected and a 
rational indexing system adopted whereby both keys and cutters 
can be classified and referred to by number. This system of 
‘‘key numbers” is explained in Footnote i of Tables 45 to 47, 

Keys 

The keys included in this standard range from inch wide by 
I inch long to | inch wide by i| inches long. Table 45, which 
covers both the round- and the flat-bottom types as optional 
designs, gives the over-all dimensions. The maximum and mini- 
mum limits indicated for the key width are such that, when assem- 
bled with the key slot whose width and tolerances are given in 
Table 46, the assembly can be made without distortion of the shaft 
or the necessity of individual fitting when the maximum key is 
inserted in the minimum key slot, and also, without shake, when the 
minimum key is inserted in the maximum key slot. Such inter- 
changeability is of particular value in facilitating mass production 
and the application of the keys. For more particular work, how- 
ever, the specified fit may be obtained by gaging^ the finished 
key slot and selecting by measurement the key required. Break- 
ing the corners of the key with a o.oto-inch radius is optional but 
sharp edges should be removed from all finished keys. 

In addition to the dimensions of the key, Table 45 gives the dis- 
tance E ” from the center of the circle forming the key profile to the 
top of the key in order to facilitate the layout in the drafting room. 

Key Slots 

Table 46 gives the over-all dimensions with maximum and 
minimum limits for key slots corresponding to the series of keys 
established. It will be noted that the depth *^h^’ is measured 
from the sharp edge of the slot, not from the shaft circumference 
on the center line of the key and, therefore, does not indicate the 
depth to which the cutter should be fed into the shaft. This 
amount varies with the shaft diameter, and Table 45 will be found 
very useful. 

The amount by which the key, when in place, will extend from 
the shaft may be determined by subtracting the key-slot depth “h” 
(Table 46) from the height of key C (Table 45). 

Two series of key-slot cutters, fine and coarse teeth, both of the 
shank type and having a shank diameter of J inch for all sizes, have 
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been adopted as best suited to the requirements. The key numbers 
established to designate the size of key apply also to the correspond- 
ing cutters. The over-ad dimensions, number of teeth for both fine 
and coarse series, tolerances, and general design features, are given 
in Table 47. 

It should be noted that a back clearance of 0.006 to 0.010 incli 
per inch (20 to 40 minutes of arc) shall be ground on each side of 
the cutter and that each side face may be recessed to a depth of 
not more than one-quarter of the cutter width. 

The accuracy in grinding shad be such that the cutting edges 
of the teeth wid be concentric within 0.002 inch and both sides 
wid be paradel within 0.0005-inch indicator reading. 

In order that the cutters may be centered accurately for regrind- 
ing, provision for which has been made in the maximum dimensions 
(Note 2, Table 47), both ends of the shank shad be drilled and coun- 
tersunk with a 60-degree angle in accordance with the fodowing: 


Maximum 

Countersink 

Diameter 


; D^th of Drilled 
j Hole below 
Countersink 


All dimensions given in inches. 

All cutters shad be marked on the shank with the key number or 
nominal size and the maker’s name or trade mark. 

The S.A.E. and General Motors Standards conform to the cutter 
dimension given in Table 47 but use different key numbers and add 
center drill dimensions. Gage dimensions for key slots are the same 
as for maximum and minimum of keys in Table 45. 


THE KENNEDY KEY 


This key was designed by Julian Kennedy of Pittsburgh, Pa., 
and is used in heavy work such as gearing 
for rolling mills. The keys are square 
N. and one-fourth the diameter, the sides 
/ F ^ \ being paradel and a good fit, and the top 
/ ^ I A of the key is tapered i inch per foot. 

I j \ I \ The keys are set so that lines drawn 

I L J diagonally through the corners wid meet 

\ V 7 / at the center of the shaft. After boring, 

\ \hafffiasfuHbearmgJ j the hub IS offset onc-sixty-foUrth the 
V J diameter and rebored to the same radius, 

N. / relieving the top of the bore. This 

relieves the sides so that the fud bearing 
usually begins at one-tenth the diameter 
below the center, as shown. Up to 6-inch shafts, single, keys are 
generady used; above 6 inches, the two keys as shown. 
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Table 46. — Dimensions por Key Slot 


Keyi 

Nuitiber 


Nominal 

Key 

Size 


Aby B 


Key Slot 


Width 

W 


Maximum Minimum 


Depth 


Maximum Minimum 


204 


i 


304 

3°S 

404 

40s 

4od 


i 


506 

507 

606 

607 

608 

609 

807 

808 

809 

810 

811 

812 


Aby 
Aby 
Aby 

4 by 
4 by 

Aby 

Aby 
A by 1 
Aby i4 


0.0630 

0.0943 

0.0943 

0.125s 
0.125s 
0.125s 
0.1568 
0.1568 
0.1568 
o. 1880 
0.1880 
0.1880 
0.1880 


1008 

1009 


1010 

lOlI 

1012' 


1210 
1 21 1 
1212 


by 4 
i by 1 
4 by i4 
} by i4 
4 by if 
i by if 

A by li 
A by li 
f§ by if 
A by li 
I by i| 
I by If 
I by i| 


0.2505 

0.2505 

0.2505 

0.2505 

0.2505 

0.2505 

0.3130 

0.3130 

0.3130 

0.3130 

0.3130 

<>•3755 

0.3755 

0.375 s 


0.0615 

0.0928 

0.0928 

0.1240 

0.1240 

0.1240 

O.IS53 

0.1553 

0.1553 

0.1863 
0.1863 
0.1863 
0.1863 
0.2487 
0.2487 
o. 2487 
o. 2487 
o. 2487 
0.2487 
0.3III 
0,3111 
0.3III 
0.31 I I 
0.3III 

0.3735 

0.3735 

0.3735 


0.1718 
0.1561 
0.2031 
0.1405 
0.187s 
0.2505 
O.I7I9 
0.2349 
o . 2969 
0.2193 
0.2813 

0.3443 

0.3903 

0.2500 

0.3130 

0.3590 

0.4220 

0.4690 

0.5160 

0.2818 

0.3278 

0.3908 

0.4378 

0.4848 

0.3595 

0.4065 

0.4535 


o. 1668 


0.I5II 
o. 1981 

0.1355 

0.1825 

o. 2455 

o. 1669 
o. 2299 
o. 2919 
0.2143 
o. 2763 

0.3393 

0.3S53 

0.2450 
0.3080 
0.3540 
0.4170 
o . 4640 
0.5IIO 

0.2768 

0.3228 

0.3858 

0.4328 

0.4798 

0.3545 

0.4015 

0.4485 


All dimensions ^iven in inches. 

^ Key numbers indicate the nominal key dimensions. The last 
two digits give the nominal diameter B in eighths of an inch 
and the digits preceding the last two give the nominal width A 
in thirty-seconds of an inch. Thus, 204 indicates a key by f 
or A by i inches, indicates a key by or | by ti inches. 



I 





904 SHOP AND DRAWING-ROOM STANDARDS 













INSPECTING KEYS 


907 




I Joseph H. Roberts & Associates, Inc, 


SHOP AND DRAWING-ROOM STANDARDS 


1 I I I I I lt>|QOioOloo QQ 

00 M to' 00 H Tt \o a 

lO O\O HsO <Xt>tNlt^ 

'O 0\ w -rt VO a H o 

, vQ^O t-*r^t^ t^coooco 

lo a (»? <? 0 \ H '5j- o Ov o 't -St lo ^ 

'«tO\tOO vOHvO mvO « t^«j> 

toc^o fO'OcO O roiooo O roto 

tO iovOvOsOvO !><> !> 00 00 00 

vO o ro O C^ N '■'st*' 0\ n (N ^ lO vO Ov 

roa'ta^o too iooovo hvo ho wvo 

■ct NO an -vt r* Ot « -vt 0\ N 'it 0\ w t 

■<t -vt "t IQ tOUptOvOvOvOiO 00 00* 

“HOtOMO^H't'OOOOOt'ttO'OlHO^OHHOJrO 
00 H OOvOOO 't Ov'tOv tOOlOO too tOH vO HvO H 
00 O W M rovooo M fOvO OtH "to OvM 't’O CJvH ■«!}• 

_rojt jt 't 't't’ttototntO'QsOvO'O t^»t>t>oo oo 
vt o t'“ ir> <^ ' h fo lONO 00 bv Tf- H N fo -t io to VO o i> ” 

rovooo M rOO\'tO\'tO\'tO t/^OtrsOtoOioOio 
ooao « ootooo Orotooo H fooco H fovoco H ro 

rofo ^Ti^T^vt^ttO^Oli0^i0vOsO^O^O t^>^-t^^> C0 00 
■t O- O « t^'ot O M N OvO t>*00 00 0ia0\0 

00 H fo\ooo foa’tov'tOv’ta'tch'ta’ta'to 
Jr*. Ov o H N to t*. O N to r*. o « to t" O N to r>- o ro 



00| ■tl Ov| 'tl ’ 
fO to CO O fO 0 

t' 00 a H w h 


>1 to[ io| IQ VQ 1 m3 |\0 |\0 ! 
tHlsO CO Oil Ov| O H 
fO 00 ro 00 fO Ov 't 
M* Ov IN 't t- 


lOI O O M VO 
O fO to 00 o 
f* 00 a o N 


Oi 0 \|O O O H I 

o to H \0 W VQ I 

Ot 't h> 0» IN -vt J 


00 N CO ro 00 
i> o ct tot>. 
*0 00 Ov O W 


ilOlOlHlHlM! 
} M ^ M a |h 


Ovlto Oltolo ' 
■t t" o pj ho I 
VO t** a o M 


Roberts & Associates, Inc. 




SPLINED SHAFTS 


909 


THE NORDBERG KEY 


The Nordberg key is round with 
a taper of ft- inch per foot The 
large diameter is approximately 
one-fourth the diameter of the 
shaft, up to 6 inches. Above this 
the key. is about one-fifth the shaft 
iameter. In practice, the small 
hole A is first drilled at the joint, 
then a hole B, as large as con- 
venient without exceeding the key 
diameter. This prevents the full- 
size drill from “running,” or crowd- 
ing, into the cast iron of the hub. 



SPLINES 


Splined Shafts for Machine Use 
Although splined shafts were developed largely for use in auto- 
mobile construction, they have become standard machine elements 
that are used in many other classes of machines. Standards were 
first developed by the S.A.E. in connection with different motor-car 
builders. Clearances depend on the kind of work they are to do, 
whether the parts are to have a permanent fit or to slide, and if so, 
whether under load or not. The tables give the latest practice. 
Dimensions apply only to soft-broached holes which permit the 
tolerances given to be easily maintained. The formula for torque 
capacity under each table is in inch-pounds per inch of bearing 
length and at 1,000 pounds pressure per square inch. 


Formula for Finding Root Width of Splineways 
The following formula will be found useful for calculating the 
root width of splineways on splined shafts: 


-(S^) 


N 


XB 



in which iV == number of splines. 

B == diameter of shaft at the root of the spline way. 

Angle A must first be computed as follows: 


sin A = — i- —, or sin A = •= 

2 2 B 

in which T - width of spline. 

J 5 = diameter of shaft at root of 
splineway. 

D = largest inside diameter. 
d = smallest inside diameter. 

W = width of splined recess. 
h = height of tooth or | (D ~ d). 
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Table 49.— Formxilas eor TF, h , and 6 ,^ nsr Terms or Large 
Diameter D 
(In Inches) 


No, of] 
Splines 

IF. 

for All 
Fits 

A 

Permanent Fit 

B 

To SHde, Not 
under Load 

C 

To Slide 
under Load 

h 


h 

d 

h 


4 

0.24iZ?* 

0,0TSD 

0.8S0D 

0.I2SD 

0.750D 



6 

0.250D 

O.OSOD 

0.900D 

0.075D 

0 . 8soD 

0. looD^ 

0.800D 

10 

0, 156D 

0 . 045^ 

0.910D 

0.070D 

o.86oI> 

0.095Z? 

0.810D 

16 

0.09SD 

0 . 04SP 

0.910D 

Q.070D 

0.&50D 

o,09SD 

0.810D 


Radii on corners of splines not to exceed o.oiS inclii 

Splines shall not be more than 0.006 inch per foot out of parallel with 
respect to the axis of the shaft. 

No allowance is made for radii on corners or for clearance. Dimensions 
are intended to apply to only the soft-broached hole. Allowance must be 
made for machining. 

♦ Pour splines, for fits A and B only. 
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* Torque = i,ooo X 6 X mean rad. 



* Torque =» i,ooo X lo X mean radius X ^ X X. 


Table 53.— Sixteen-Spline Fittings 
(in Inches) 



Note.— Tables 49 to S3| report of Broaches Division, adopted by the Society of Automotive Engineers, January, 1914; 
revised by Shaft Fittings Division, March, 1920; checked for current use, January, 193d. 

* Torque » 1,000 X id X mean radius X A X A. 
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INVOLUTE SPLINES 

The advantages of splines with involute sides, instead of the 
straight-sided splines formerly used, led to the formation of an 
engineering committee representing both the American Society of 
Mechanical Engineers and the Society of Automotive Engineers 
to standardize this form of spline. After many meetings and care- 
ful consideration from a variety of angles, the standards from which 
the tables in the following pages have been taken were finally 
adopted in December, 1944. 

The splines shown and the sizes finally adopted are especially 
designed for use on automotive parts, for machine tools, and for 
general use where straight-sided splines were formerly used. 
Experience has shown that the 30-degree pressure angle has advan- 
tages for all-round use and gives best results for a wide variety of 
machine design. 

Involute splines can be measured with pins, in the same way as 
gears, but allowance must be made for the class of fit, material, 
heat-treafment, accuracy of spacing, and contour. 

Spline design is frequently controlled by the antifriction bear- 
ings used on the splined shaft. The bores of these bearings, which 
are in metric measurement, form the basis for size ranges covered 
by the standards given. So the spline sizes are designated by the 
symbols used in bearing practice. 

The basic formulas are 


INVOLUTE SPLINES 


Circular pitch 

Pitch diameter 


__ No. of teeth 

diametral pitch* 

diametral pitch* 

Addendum = dedendum 

Major diameter 

_ 0.500 

__ No. of teeth + I 

diametral pitch* 

diametral pitch* 

Circular tooth thickness 

Minor diameter 

i* 57 o 8 

__ No. of teeth — i 

diametral pitch* 

diametral pitch* 


* Diametral pitch referred to is that which controls the diameter, such as 
8, in A./"', 
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There are three types of fits; 

1. On the major diameter, -where fit is controlled by varying the 
major diameter of the external. 

Infernal 

sMajor dfiom. fillet radius 
\ \MaJor diam. filJei height 


Exhernal 
f Major diam. 
''S/l^^m fer dimen 


\ Minor diardj^ 
fillet rad.^W/ 

Fiiiet ' 

height 


/ \ i,<d^inor diom. | 
/ \ \ chamfer apg/e o! 

i Chamfer height^ 

'True involute ^ 

torm diom.CTJ,E) ^ 


^ True involute 
^ form diam. (I If) 


Fig. 21. — Spline-Tooth Nomenclature. 


P Diametral Pitch D Pitch Diameter 

p Circular Pitch Db Base Circle Diameter 

? j j Do Major Diameter 

A Deaendum Djs Minor Diameter 

Depth T.I.P. Diameter at Junction of Involute Form 

c Clearpce ^ ^ with Fillet 

t Circular Tooth Thickness dx Measuring Pin Diameter — External 

U Circular Space Width dn Measuring Pin Diameter— Internal 

Pressure Angle C Measurement over Pins— External 

N Number of Teeth G Measurement over Pins— Internal 

Pressure Angle ~ 30 degrees 

2. On the sides of the teeth, where fit is controlled by varying 
tooth thickness. 
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3. On the minor diameter, where fit is controlled by varying the 
nfinor diameter of the internal.^ 

The three methods, which are tabulated below, are each divided 
into three classes, for sliding, locating, and press applications. 




XX Teeth 

i XX/XX Diametral Pitch 

i XX® Pressure Angle 

.XXXX Maximum Permissible Error in Involute Profile 
.XXXX Maximum Cumulative Error in Spacing 
The above data shall be given for internal and external splines 

Sliding fits must have clearance at all points, the location fit must 
be close at one point, and the press fit must involve an interference 
at only one point. By using Table 54 as a key to the appropriate 
table the correct combinations of dimensions may be selected for 
any desired fit. For all classes of fits the internal major diameter 
and measurement between pins should be selected from column 4 
and column ii, respectively, in Tables 58 and 59. 


1 Requires special tooling. 
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Table 54.— -Glasses of Fits 





Internal 


External 


Fit 

on 

Type of 
Fit 

: Class 
of Fit 

Major 

Diam- 

eter 

Minor 
Diam- 
I' 'eter' 

i 

i Betw. 
j Pins 

i 

Major 

Diam- 

eter 

Minor 

Diam- 

eter 

• Over 
Pins 

Major 

diam- 

Sliding 

1 ■■ 

Col. 4 

Col. 

S 

Col. II 

Col. 22 

Col. 16 

Col. 26 

Location 

II 

Col. 4 

Col. 

5 

Col. II 

Col. 23 

Col, 16 

Col. 26 


Press 

III 

Col. 4 

Col. 

5 

Col. II 

Col. 24 

|Col. 16 

Col, 26 

Sides 

of 

teeth 

Sliding 

A 

Col. 4 

Col. 

S 

Col. II 

Gol. 22 

[Col. 16 

Col. 26 

Location 

B 

Col. 4 

Col. 

5 

Col. II 

Col. 22 

Col. 16 

Col. 27 

Press 

c 

Col. 4 

Col. 

S 

Col. II 

Col. 22 

Col. 16 

Col. 28 

Minor 

diam- 

S iding 

X 

Col. 4 

Col, X2* 

Col. II 

Col. 22 

Col. 16 

Cbl. 2d 

Location 

y 

Col. 4 

Col. 13* 

Col. II 

Col. 22 

Col. 16* 

Col. 26 


Press 


Col. 4 

Col. 14* 

Col. II 

Col. 22 

Col. 16* 

Col. 26 


* Requires special tooling. 

See Table 54^? for tolerances and formulas. 


Ball Bearing Installations.—Because of the wide use of ball 
bearings on spline shaftSj it will often be convenient to know the 
nearest size of spline for any given ball bearing bore. Table 56 is 
for such selection, and the major diameters given are for that 
nearest under the metric bore dimension. Those values under- 
lined are only a few thousandths over the metric size, but considered 
within the major diameter tolerance. These may be used if 
desired by making the spline major diameter as recommended by 
the ball bearing manufacturer, provided it does not interfere with 
a major diameter fit. 

Tooth Side-fit Tolerance. — The Class A fit is based on circular 
clearance or blacklash of 

0.0020 to 0.0060 for B.P. from ^ to | inclusive 
0.0015 to 0,0045 for D.P. from to A inclusive 

0.0010 to 0.0040 fro B.P. from to inclusive 

0.0010 to 0.0030 for B.P. from j| to || inclusive 
The tolerances for space width and tooth circular thickness are 
divided as follows: 


D.P. ' ■ 1 

; Internal Tolerance j 

External Tolerance 

J to f 

+ . 0020 

■— '.OOOO.' 1 

+ .0000 

. 0020 

A to i 

-I-.OOI5 

■— . 0000 ; 

-j- . 0000 

— .0015 

M to i j 

-f .0010 

— . 0000 

4* . 0000 

— .0015 

II to If 

-f-.ooio 

— . 0000 

-j-.oooo 

— .0010 


These tolerances multiplied by the cotangent of <^2, give the tolerances 
used at the top of columns ii and 26, Tables S4d and 54^. 
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Bearing Bore Nearest Number of Teeth and Major Diameter under Bearing Bore 
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^ major diameter slightly greater than bearing bore, but within the allowable major diameter 


54<^.'— Basic Data: | D.P., Exterisal 
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INVOLUTE SPLINES 
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4> — pressure angle at PP (30®) 

<f)2 = pressure angle at pin center 
dx = pin diameter 

= 5 + i“v- 3°° + i 

From inv. <j5>2 find 4>2 in degrees if N is even 

COS c6<> 


If iV is odd 


D cos 30® cos ■ 


11 te 


External 
Fig. 24. 

Example — for 10/20 PP— 20 teeth — 0.001 clear, 

0.1561 , , 0.1930 X 

+ °-°S 37 Si 49 + ~ ^ 

Inv. ^2 = 0.08557314 <^2 ~ 34-552149° 

Use (i.i) because iV is even 

- 2.000 X 0.86602 , ^ 

Cl-- — — -+0.1920 — 2,2950 

cos 34.552149 

Due to interference with major diameter, pin must be flattened 
as shown. 

Inv. = inv. 30° + I - (’'■3) 



Tabi-e 546- — Involute Speesies 
All Dimensions in Inches 



INVOLUTE SPLINES 



237 I 0.10361 20.995 ! 20.99781 21.01501 22. 96491 
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<M 0 \ « O W 
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O Ooo (T) 
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Tolerance applies to minor diameter fits only and column dimension sliould be used as maximum ft 




Table 54/.— Ejcamples of Fits 
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Table 54^— Shapes. Cutters 

Number of Teeth in Cutters Recommended for Internal Splines 




4-tooth cutter, which will cut 8-tooth spUnes, cutters should, be smaller than the part being cut by at least 5 teeth, 
cutter shown in each pitch may be used to cut aU splines having greater numbers of teeth. 
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HOBS AND BROACHES 



Fig, 26. 

Recommended Dimensions for Hobs 


D.P. 

O.D. 

Bore 

Width 

D.P. 

O.D. 

Bore 

Width 

1/2 

10:7 s 

2.00 


12/24 

2.50 

I. 25 

2.00 

2-S/5' 

S . 00 

I . SO 

7.00 

16/32 

2>SP 

1.25 

2 . 00 

^/6 

4 - 50 

I - 25 

5.00 

20/40 

2.50 

I . 25 

2.00 

4/8 

4.00 

1.25 

4. 00 

24/48 

2 -SO 

' ■ I ‘25 

2 . 00 

5/1° 

3/50 

1.25 

3-50 

32/64 

2.50 

1.25 

2.00 

6/12 

3-25 

I.2S 

3 • 25 

40/80 

2.50 

I- 25 

2.00 

8/16 

10/20 

■ .2.50 
2.50 

I . 2S 

I . 25 

2.50 

2.50 

48/96 

2.50 

I - 25 

2.00 


NGTE.—Deptli of cut will vary with desired fit. See tables. 


Radius as desired 
(■for max. see col 7) 



Broaches.““The broach design will be in accordance with the 
specifications given in the tables for internal spEnes. The length 
of the broach is determined by the length of the part, the hardness, 
and type of material to be broached, and the broaching equipment 
available. 
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Tapered Splined Shafts 

The Barber-Colman Company has developed a tapered spline for 
shafting and a method of producing it. The shaft itself is not 
tapered — only the bottom surface of the groove between the splines 
The tapered grooves are milled with a tapered hob as shown. The 
mating part is bored to the same taper as the bottom of the groove 
and then broached in the usual manner. This permits the passage 
of the straight outer surface of the splines and gives a bearing on 
the tapered surfaces. It is self-centering and easily removable. 

Table 55. — Four-Key Spline Dimensions 

U- Op+ional ' >1 

I vanes wi+h angle | j G 



Inc. ang le varied +0 
suii requiremen+s 


D 

d 

. E 

w 

Y (Approx- 
imately) 

Z (Approx- 
imately) 

Hob 

Broach 


3 

8 


0.120 

0.042 

0 . 005 


j.:/ 

I" 


a 

0.150 

0.051 

0.005 


1 ■ 

r 

"ft 

8 

O.I7I 

0 . 060 

0.005 

i Either 

i" 



0. 2II 

0,070 

0.005 



i" 

1 ^ 


0.241 

0 . 080 

^ 0.005 : 




Barber-Colman Company, Rockford, lU. 

Line of hob frav^s,. 


Sfarfing^ 
position 
of hot? 





Finishing 
position^, 
of hob \ 


The taper hob moves at the angle 
shown and^ cuts the splines deeper as ' 
Its larger diameter contacts the work. 
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Table 56 .— Six-Key Spline Dimensions 
(In Inches) 



Barber- Colman Company, Rockford, 111, 
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Table 57.— Measuto^g Seline Diameter with Pins 
Measurement of Involute Spimes (on Shafts) 
lo-Tooth SpKnes 

Ma ■■■ 

1... .....vj 

r Me n 




SJERRATED SBAFTS 


Table s 8 -— Serrated 
Shaft Fittings — S. A.B, 
1922 

Straight Type ^ 
(All Dimensions ID Inches) 




and Bare nominal^ equal 
A+b-Pejythofcuf 
C in hole and Din ^haff may be madam 
desired by each mdMdualnmttfych/rer 
beyond minimum and maximum as 
specified in table, 

N^fimber efserraiions 


Nomi- 

nal 

Diam. 

Pitch 

Diam. 

Max. Min. 

N 

a, 

deg. 

h, 

deg. 

nOLE 1 shaft 

Laree Small Outside 

Diam Diam, Diam. 

Min. Max. Min. Max. Min. 

Inside 

Diam. 

Max. 

' i 

0. 122 0. 120 

36 

90 

80 

0.125 0. 1180.117 0.124 0.123 

0.116 

% 

0, 182 0. 180 

36 

90 

80 

0. 187 0.176 b. 17s 0. 186 0. iSs 

0.174 

r 

0.243 0.241 

36 

90 

80 

0.250 0.235 0.234 0.249 0.248 

0.233 

A 

0.303 0.301 

36 

90 

So 

0.312 0.293 0.292 0.311 0.310 

0.291 

I 

0.363 0.361 

36 

90 

80 

0.375 0.352 b.351 0.374 0.373 

0.350 


0,485 0.483 

36 

90 

8 b 

0.500 0.469 0.468 0.499 0.498 

0.467 

1 

0.605 0.603 

36 

90 

80 

0.625 0.584 0.583 0.624 0.623 

0.582 

I 

0.733 0.731 

48 

90 

82I 

0.750 0.710 0,714 0. 749 0.747 

0.713 


0.855 0.853 

48 

90 

82^ 

0.875 0.835 0.833 0.874 0.872 

0.832 


0.977 0.975 

48 

90 

82! 

1. 000 b.954 0.952 0.999 0.997 

0 . 9 SX 


1 . 098 1 . 096 

48 

90 

821 

1.1251.0711.0691.1241.122 

1.068 

'■ I 

1.220 1.218 

48 

90 

82i 

1 . 250 1 . 190 i . 188 1 . 249 1 . 247 

1.187 

if 

1.3A2 r.340 

48 

90 

82I 

1.375 1.309 1.307 1.374 X. 372 

1.306 


1.464 1.462 

48 

90 

82I 

1.500 1.428 X.426 1.499 1.497 

1.42s 

If 

1.708 1.706 

48 

90 

82^ 

1.750 1.066 1,664 1.749 1.747 

1.663 

2 

I. 9 S 2 1.949 

48 

90 

82j 

2 , obo 1 . 904 1 . 902 1 . 999 1 , 997 

1. 901 


2.196 2.193 

48 

90 

82 s 

2.250 2.142 2.140 2.249 2.247 

2.139 

I' ^ 

2.440 2.437 

48 

90 

82! 

2.500 2.380 2.378 2.499 2.497 

2.377 

2f 

2.684 2.681 

48 

90 

82I 

2.750 2.618 2.616 2.749 2.747 

2.61s 

3 

2.928 2.925 

48 

90 

82t 

3 . 000 2 . 856 2 . 8 S 4 2 . 999 2 . 997 

2.853 


The series of taper serrated shafts commences with the i^-inch nominal 
outside diameter and continues through the^ 3-inch diameter. Dimensions 
for serrations are the same as for corresponding diameters ®f straight shafts 
given in table above. For taper shafts all dimensions apply only at the 
large end of the taper as in the cross-section at the right, where the runout 
begins. The taper is J inch per foot on the nominal outside diameter ahd, 
the cutting angle is i degree 37 minutes. {Tolerance corrected January, 2937.) 

TAPER FITTINGS 

Plain or Slotted Nuts — S.A.E. Standard 
^^•Keywofy parallel to fctper 



P"Sts- 

Taper per foot = 1.500 + 0.002 in. Dimension H measured 
normal to the key. 

The center line of the cotter-pin hole shall be 90 degrees from the 
position of the keyway as shown on the drawing. 



Dimension B measured 
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Standard Adapters for Multiple-Spindle Drilling Heads, 
December, 1937 

The purpose of these adapters is to secure vertical adjustment for 
taper shank tools when used with multiple-spindle drilling heads 

Table 6o.-“GENEnAL Dimensions oe Assembly 

(In Inches at 68°F,) 

rWooo/rof'f key 



'If 

■ 

iLL 



screw 


Size 

A.S.A. Taper 
Number 

Woodruff 
Key Size 

Setscrew 

Size 

Adapter 

Length 

! 

Diameter 
of Nut 

5 




L 

D 

1 

I 

A X I 

A~i8 X A 

3 

li 

lA 

I 

AX i 

X A 

sf 

lA 

I A 

2 

AX i 

A~iS X A 

si 

lA 

if 

2 

i X I 

1^18 X A 

4I 

4 

li 

3 • 

\ ^ \ 

A~i8 X A 

4f 

If 

li 

3 

A X ij 

A^iS X A 

si 

4 

li 

4 

A X li 

A"i8 X A 

si 

4 


Material. — •Chromium-nickel steel, S.A.E. 3120, or equivalent, case 
hardened. 

Finish. — All surfaces must be finished. 

Marking.- — Thread size and manufacturer's name or trade mark and 
A.S.A, taper number to be marked on end. 

Manufacture. — Tolerances on fractional dimensions are plus or minus 
O.oio inch unless otherwise specified. 






Table 6i.-— Detail Dimensions eor Adjustable Adapter ’Booy — Continued 
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Table 63. — Proportions oe Square Shafts and Fit Allowances 
Shaft. 



Nomi- 


Permanent Pit ^ = 0.80 


Sliding Fit « 0.73 


Diam- 

eter 

A 

B 

C 

D 

E 

F 

G 

A 

B 

c 


E 

i 

0.193 

0. 189 

0. 187 

0.250 

0.260 

A 

f 

0.257 

0.2481 

0.250 

0.344 

0 . 3 S 4 



0.188 

0.186 

0.24s 

0.252 




0.247 

0.249 

0.339 

0.346 

1 

0.290 

0.283 

0.281 

0.375 

0.38s 


f 

0.386 

0.373 

0.375 

0.S16 

0.526 



0.282 

0.280 

0.370 

0.377 




0.372 

0.374 

0. SIX 

0.5x8 


0.386 

0.377 

0.375 

0.500 

0.5x0 


f 

; n 

0.498 

0 . 500 

0.687 

0.697 



0.376 

0.374 

0.49s 

0.502 



1 

0.497 

0.499 

0.682 

0.689 

I 

H 

0.502 

0.500 

0.62s 

0.63s 


I 

1 n 

0.623 

0.62s 

0 . 844 

0.854 



O.SOI 

0.499 

0.620 

0.627 




0.622 

0.624 

0.839 

0.846 


li 

0,564 

0.562 

0.750 

0.760 


I 

n 

0.748 

0.750 

X.03I 

ji.osi 



0.563 

0.561 

0.745 

0.752 




0.747 

0.749 

X.026 

1.036 

1 

n 

0.689 

0.687 

0.875 

0.88s 

If 

li 

B 

0.873 

0.87s 

X. 187 

1.207 



0.688 

0.686 

0.870 

0.877 




0.872 

0.874 

X.X82 

1,192 

I 


0,8is 

0.812 

1 .000 

1 .020 

If 


I 

0.998 

1 .000 

1. 375 

1.395 



0.814 

0.811 

0.99s 

1 .005 




0.997 

0.999 

1.370 

1.380 

li 

n 

0.878 

0.875 

1.125 

1.14s 

If 

If 

i^f 

1.123 

r . 125 

1.562 

1.582 



0.877 

0.874 

I. 120 

1 . 130 




I.X 22 

!r . 124 

1. 557 

1.567 

li 


1. 103 

1,000 

X . 250 

1.270 

x| 

If 

i-^ 

1.248 

I. 250 

1.687 

1.707 



r, 102 

0,999 

1.24s 

1 . 255 : 




1,247 

1.249 

1.682 

1,692 

If 


1.128 

1. 125 

1. 375 

1 . 395 * 

if 

2 

ifi j 

1.373 

1.375 

1.875 

1.89s 



1. 1 27 

1. 124 

1.370 

1.380 




1.372 

1.374 

X.870 

1.880 



1. 128 

1,125 

X , 500 

1.520 

If 

2 

Iff 1 

X.498 

1 . 500 

2.062 

2.082 



1 , 127 

1. 124 

1. 495 

I. SOS 




1.497 

1.499 

2.057 

2.067 

r| 

m 

1.378 

1. 375 

1 . 750 

1.770 

2i 

2i 


1.748 

1 .750 

2.375 

2.395 



r.377 

1.374 

1.745 

1 . 755 




1.747 

1 . 749 

2.370 

2.380 

2 

m 

1.504 

1.500 

2 . 000 

2.020 

2f 

3 

2 is 

1.997 

2.000 

■ 2.750 

2.770 



1.S03 

X.498 

1.995 

2.00s 




1.996 

1.998 

2 . 7 AS 

2.755 

2i 

m 

1.754 

I. 7 S 0 

2.250 

2.270 

2f 

3 

2 is 

2.247 

2.250 

3.062 

3.082 



1. 753 

1.748 

2.24s 

2.255 




2.246 

2.248 

3.057 

3.067 

2| 

2 -is 

2.004 

2.000 

2.500 

2.520 

3 f 

3 f 


2.497 

2.500 

3.437 

3.457 



2.003 

X.998 

2.49s 

2.505 




2 .496 

2.498 

3.432 

3.442 

2| 

2^ 

2.254 

2.250 

' 2.750 

2.770 

; 3 f 

3 f 

2|f 

2.747 

2 . 750 

3.750 

3.770 



2.253 

2.248 

■ 2.745 

2.755 




2.746 

2.748 

•3.74s 

3.755 

3 

2fi 

2.504 

2.S0Q 

! 3 . 000 

3.020 

; 3 l- 

4 

3^ 

2.997 

3.000 

■4.12s 

:4.14s 



2.503 

2.498 

1 2 . 995 

3.005 




2.996 

2.998 

14. X20 

4.130 

3 l 

2|f 

2.754 

2.750 

> 3.500 

3.520 

| 4 f 

4 f 

3M 

3.497 

3.500 

>4.750 

>4.770 



2.753 

12.748 

13.459 

•3.505 




3.496 

•3.498 

>4.745 

: 4 . 7 SS 

4 

3 lf 

3.254 

^ 3 . 25 C 

» 3 . 49 S 

:4.02c 

► Sf 

si 

4 f 

3.997 

4.000 

> 5.500 

• 5.520 



3.253 

13.248 

i 3 . 99 S 

14. 005 




3.996 

•3.998 

15.495 

IS.SOS 
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Actttal Cutting Speed of Planeps in Feet per Minute 


Forward Cutting 
Speed in Feet per 
Minute 

Return Speed 

4 to 1 

S to I 

6 to I 

7 to I 

8 to 1 

20 

16 

16.66 

17-14 

17-5 

17.76 

25 

20 

20.83 

21.42 

21,87 

22.16 

30 

24 

25. 

25.71 

26.25 

26.56 

35 

28 

29.16 

30- 

30.62 

31-04 

40 

32 

33-33 

34.28 

35 - 

35-52 

45 

3b 

37 -S 

38.56 

39-37 

40. 

50 

40 

41.66 

42.84 

43-75 

44.48 

55 

44 

45-83 

47.12 

4.8. 12 

48.95 

60 

48 

S°- 

SI. 42 

52-50 

53-43 

65 

52 

S 4 -i 6 

55-70 

56.87 

57.91 

70 

S6 

58-33 

60. 

61.25 

62.3 

75 

60 

62.5 

64.28 

66.62 

66.71 


The table shows clearly that a slight increase in cutting speed is 
better than high return speed. A 2S-foot forward speed at 4 to i 
return is much better than 8 to i return with 20-feet forward speed. 
Economical planer speeds are given below (Cincinnati Planer Co,). 
Cast Iron roughing . . . 40 to 50 ft.; finishing . . . 30 to 40 ft. 
Steel casting and wrought iron roughing 40 to 45 ft. j firdshing 30 to 
40 ft. 

Bronze and brass . , . 50 to 7 S Machinery steel ... 30 to 


Allowances for Boltheads and Upsets 
Stock Allowed for Standard Upsets by Acme Machinery Company 



Tabxe of Boari> Feet in Pieces i to 24 Inches Wide Up to 24 Feet Long 
The table here with shows the board feet contained in planks of a given width and length, ^ This table is of use 
especially t o the patternmaker but may be of value to any one having to make c^culations m board measure. 

1 I Length of Board in Feet 
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QUICK WAY OF ESTIMATING LUMBER FOR A PATTERN 

Multiply length, breadth, and thickness in inches together and 
this by 7, pointing off three places. 

Board 8 inches wide, i8 inches long, i inch thick. 8 X i8 X i 
X 7 = i.ooS square feet. This is .008 too much, but near enough 
for most work. Board ij X 10 X 36 » 540 X 7 = 3*78oc The 
correct answer is 3.75. 


Table Giving Proportionate Weight of Castings to Weight 
OF Wood Patterns 


A Pattern 
Weighing One 
Pound Made of 

(Less weight of 
Core Prints) 

Cast 

Iron 

Brass 

Copper 

Bronze 

Bell 

Metal 

Zinc 

Pine or Fir . . 

16 

18,8 

19.7 

19-3 

■ 17 

IS-S 

Oak 

9 

lo.i 

10.4 

X0.3 

10.0 

8.6 

Beech ..... 

9-7 

' 10.9 

II.4 

1 1.3 

II.9 

9.1 

Linden 

13-4 

15.1 

16.7 

' iS-S 

ifi -3 

12.9 

Pear. ....... 

10.2 


11.9 

1 1.8 

12.4 

9.8 

Birch. ...... 

10.6 

11,9 

12.3 

12.2 

12.9 

10.2 

Alder. ...... 

12.8 

14-3 

14.9 

14.7 

I 5 -S 

1 12.2 

Mahogany . . 

11.7 

13-2 

3 ^ 3-7 

13.S 

14.2 

11.2 

Brass. ...... 

0-85 

0-95 

0.99 

0.98 

I.O 

0.81 


Degrees Obtained BY Opening a Two-foot Rule 


Degrees 

Inches 

Degrees 

Inches 

Degrees 

Inches 

I 

.21 

IS 

3-12 

55 

11.08 

2 

.422 

20 

4-17 

60 

12 

3 , 

•633 

25 

5-21 

65 

12,89 

4 

•837 

30 

6,21 

70 

13.76 

5 

1.04 

35 

7.20 

75 

14.61 

7 -S 

1-57 

40 

8,21 

80 

1543 

10 

2.09 

45 

9.20 

85 

16,21 

14-5 

3-015 

50 

10.12 

90 

16,97 


Open a two-foot rule until open ends are distance apart given 
in table when degrees given in table can be scribed. Same results 
can be had with two 12-inch steel scales placed together at one enff 


WEIGHT OF FILLETS 

To facilitate the calculations of the weights of the different parts 
of a machine from the drawings, the accompanying table of areas or 
volumes of fillets having radii from ^ to 3 inches can be used. It 
has been calculated for fillets connecting sides that are at right 
angles to each other. 
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Table of Areas or Volumes of Fillets 


Radius of 

Fillet 
in Inches 

1 Area or Volume 
of Fillet in Sq. 
or Cubic Inches 

Radius of 

Fillet 
in Inches 

Area or Volume 
of Fillet in Sq. 
or Cubic Inches 


.0008 


.5240 

i 

.0033 

4 

.5667 

fs 

.007s 


.6119 

i 

.0134 

li 

.6572 

A 

.0209 


.7050 

I 

j .0302 

4 

•7543 

A 

-0410 


.8056 

J 

•0537 

2 

.8584 

•A 

.0678 


.9129 

f 

.0838 


.9690 

all , 

.1013 


1.0209 

1 

.1207 

4 

1.0864 

P 

.1417 


I-I 475 

1 

.1643 


1.2105 

k 

.1886 

sA 

1.2749 

1 

.2146 

2I 

1.3413 


.2423 

2A 

1.4086 

li 

.2716 

2| 

1.4787 

i-A 

.3026 

2H 

1.5500 


•3353 

2i 

1.6229 

lA 

•3697 


1.6869 

4 

•4057 

2I 

1-7739 

I A 

•4434 

2|f 

1.8518 


.4829 

3 

1.9314 


To find the volume of a fillet by this table when the radius and 
length are given, multiply the value in the table opposite the given 
radius by the length of the fillet in inches, and this result multiplied 
by the weight of a cubic inch of the material will give the weight of 
the fillet. 


t 
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LAYOTG OUT A SQHARE^^^^ TO 

It sometimes happens that we wish to lay out a perfectly so uar.^ 
corner and have no square of any kind handy. Here is a 4y tlm? 
requires noting but a scale or rule, or even a straight stick^with 

^ this^tick, dr™ a 

line as AC (in left-h^d accompanying figure), and at one end of 
this draw the ime^D at any angle. This fine must be strdght 
^ice as long as AC and of equal length each side of the point C 

Then, if you join points DAB, you have an exact right angle of 
square corner. *-ugie or 

_The right-hand accompanying figure is simply another examnl^^ 
of tks, in which the line A C has been drawn at a very different angle 
to^show that it works in any position. Joining the ends DAB aq 
before also gives an exact right angle. 



Another Method 

Another method is by what is known as the “6, 8, and lo rule ” 
Inis means that if a triangle has sides in the ratio of 6, 8, and lo the 
angle is 90 degrees. Lay down a Hne 6 units long, either inches, feet 
or yards. Lay off another hne 8 units long as nearly right angle^as 
possible. Measure across the ends of the two lines and adjust until 
this distance IS 10 units, which makes it a right angle. These dis- 
Tf ^ 20 , or any combination in 

this ratio. It is largely used m laying out large corners. 
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Table Showing Volumes and Radii of Spheres Having 
Capacities of J Pint and Liter and Multiplies 
Thereof 



Volume in 

Radius of 


Pints 

Cubic 

Inches 

Sphere 
in Inches 

Liters 



volume of sphere == 


I liter «=» 0.2642 IT 
1.0568 quarts 


= Ittts 
« 3.141592 
»= 4.18879 
. S. gallon or 


Volume in Radius of 
Cubic Sphere 
Inches in inches 


6.10302 
12 . 20604 
18.30900 
24.41208 
30.51510 
36.61812 
42.72114 
48.82416 
54*92718 
61.03020 
67.13322 
73.23624 
79.33920 
85.44228 
91.54530 
97,64832 
103.75134 
109-85430 
115.95738 
122.06040 
128.16342 
134.26644 
140.36946 
146.47248 
152. 57550 
158.67852 

164.78154 

170.88456 

176.98758 

183.09060 

189.19362 

195.29664 

201.39966 

207.50268 

213.60570 

219.70872 

225.81174 

231.91476 

238.01778 

244.12080 
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938 SHOP AND BRAWING-ROOM STANDARDS 


Capacity op Round Vertical Tanks in U. S. Gallons 
FOR One Foot IN Depth 


Dia. of 
Tanks 

Ft. In. 

No. 

U. S, 
Gals. 

Cu. Ft. 

and 
Area in 
Sq. Ft. 

Dia. of 
Tanks 

Ft. In. 

No. 

U. S. 
Gals. 

Cu. Ft. 

and 
Area in 
Sq. Ft. 

Dia. of 
Tanks 

Ft. In. 

No. 

u. s. 

Gals. 

I 


5-87 

0.78s 

S 

8 

188.66 

25.22 

19 


2120.90 

1 

1 

6.89 

0.922 

5 

9 

194.2s 

25.97 

19 

3 

2171,10 

I 

2 

8.00 

1.069 

5 

10 

199.92 

26.73 

19 

6 

2234.00 

1 

3 

9. 18 

1.227 

5 

II 

205.67 

27.49 

19 

9 

2291.70 

I 

4 

10.44 

1.396 

6 


211.51 

28,27 

20 


2350.10 

I 

5 

11.79 

1.576 

6 

3 

229,50 

30.68 

20 

3 

2409.20 

I 

0 

13.22 

1.767 

6 

6 

248. 23 

33.18 

20 

6 

2469.10 

I 

7 

14-73 

1.969 

6 

9 

267 . 69 

35.78 

20 

9 

2529.60 

I 

8 

16.32 

2.182 

7 


287.88 

38.48 

21 


2591.00 

I 

9 

17.99 

2,40s 

7 

3 

308.81 

41.28 

2X 

3 

2653.00 

I 

10 

19-75 

2 . 640 

7 

6 

330.48 

44.18 

21 

6 

2715.80 

I 

II 

21. 58 

2 . 885 

7 

9 

352.88 

47.17 

21 

9 

2779.30 

2 


23-50 

3 . 142 

8 


376,01 

50.27 

22 


2843.60 

2 

I 

25.50 

3.409 

8 

3 

399.88 

53.46 

22 

3 

2908.60 

2 

2 

27.58 

3.687 

8 

6 

424.48 

56.75 

22 

6 

2974.30 

2 

3 

29.74 

3.976 

8 

9 

449.82 

60.13 

22 

9 

3040.80 

2 

4 

31.99 

4.276 

9 


475.89 

63 . 62 

23 


3108.00 

2 

5 

34.31 

4.587 

9 

3 

502. 70 

67.20 

23 

3 

3175.90 

2 

6 

36.72 

4.909 

9 

6 

530.24 

70.88 

23 

6 

3244.60 

2 

7 

39.21 

5. 241 

9 

9 

558.51 

74.66 

23 

9 

3314.00 

2 

8 

41.78 

5.585 

10 


587.52 

78.54 

24 


3384. 10 

2 

9 

44.43 

5 . 940 

10 

3 

617.26 

82.52 

24 

3 

3455 . 00 

2 

10 

47.16 

6.30s 

10 

6 

640.74 

86 . 59 

24 

6 

3526.60 

2 

II 

49.98 

6.681 

10 

9 

678.9s 

90.76 

24 

9 

3598.90 

3 


52 . 8S 

7.069 

II 


710.90 

95.03 

25 


3672.00 

3 

■I 

55.86 

7.467 

II 

3 

743.58 

99.40 

25 

3 

3745.80 

2 

2 

58.92 

7.876 

II 

6 

776.99 

103.87 

25 

6 

3820.30 

3 

3 

62.06 

8 . 296 

ri 

9 

811.14 

108.43 

25 

9 

3895.60 

3 

4 

65.28 

8.727 

12 


846,03 

113.10 

26 


3971.60 

3 

5 

68.58 

9.168 

12 

3 

881.6s 

117.86 

26 

3 

4048.40 

3 

6 

71.97 

9.621 

12 

6 

918.00 

122.72 

26 

6 

4125.90 

3 

7 

75.44 

lO.oSs 

12 

9 

955.09 

127.68 

26 

9 

4204.10 

3 

8 

78.99 

10.559 

13 


992.91 

132.73 

27 


4283.00 

3 

9 

82.62, 

II. 04s 

13 

3 

1031.50 

137.89 

27 

3 

4362.70 

3 

10 

86.33 

II . 541 

13 

6 

1070.80 

143 . 14 

27 

6 

4443 . 10 

3 

II 

90.13 

12.048 

13 

9 

1110.80 

148.49 

27 

9 

4525.30 

4 


94.00 

12,566 

14 


IISI.50 

153.94 

28 


4606.20 

4 

I 

97.96 

13.095 

14 

3 

1193.00 

159.48 

28 

3 

4688.80 

4 

2 

102.00 

13.63s 

14 

6 

1235.30 

165.13 

28 

6 

4772.10 

4 

3 

106. 12 

14.186 

14 

9 

1278.20 

170.87 

28 

9 

4856.20 

4 

4 

110.32 

14.748 

IS 


1321.90 

176.71 

29 


4941 . 00 

4 

S 

114.61 

1 15.321 

IS 

3 

1366. 40 

182.65 

29 

3 

5026.60 

4 

6 

118.97 

IS. 90 

IS 

6 

1411.SO 

188.69 

29 

6 

5122.90 

4 

7 

123.42 

16.50 

IS 

9 

1457.40 

194.83 

29 

9 

s 199. 90 

4 

8 

127.9s 

17.10 

16 


1504. 10 

201.06 

30 


5287.70 

4 

9 

132.56 

17.72 

16 

3 

1551.40 

207.39 

30 

3 

5376.20 

4 

10 

137.25 

18.3s 

16 

6 

1599.50 

213.82 

30 

6 

5465 . 40 

4 

XI 

142.02 

18.99 

16 

9 

1648.40 

220.3s 

30 

9 

5555.40 

5 


146.88 

19.63 

17 


1697.90 

226.98 

31 


5646 . 10 

' 5 ' 

I 

151.82 

20.29 

17 

3 

1748.20 

233.71 

31 

3 

5773.50 

5 

2 

156.83 

20.97 

17 

6 

1799.30 

240.53 

31 

6 

5829.70 

S 

3 

161.93 

21. 6s 

17 

9 

1851.10 

247.4s 

31 

9 

5922,60 

5 

4 

167. 12 

22.34 

18 


1903 . 60 

254.47 

32 


60x6.20 

5 

S 

172.38 

23.04 

18 

3 

1956.80 

261.59 

32 

3 

6110.60 

5 

6 

177.72 

23.76 

18 

6 

2010.80 

268.80 

32 

6 

6205. 70 

5 

7 

183.1s 

24.48 

II8 

9 

2065. SO 

276 . 12 

32 

9 

6301.50 


Cu.Pt. 

.and 
Area in 
Sq.Pt. 

291.04 
298.6s 
306.3s 

314.16 

322.06 

330.06 

338 . 16 
346.36 

354.66 

363.05 

371.54 

380.13 
388.82 

397.61 
406 . 49 

415.48 

424.56 

433.74 

443.01 

452.39 

461.86 

471.44 

481. II 

490.87 

500 . 74 
SIO.71 

520.77 

530.93 
541 . 19 

551. 55 

562 . 

572.66 
583.21 

593 . 96 
604.81 

615.75 
626.80 

637 . 94 
649.18 
660 . 52 

671.96 

683 . 49 

695.13 

706.86 
718.69 

730.62 
742.64 
754-77 
766 . 99 
779.31 
791-73 
804 . 25 

816.86 
829.58 

842 . 39 


■31 Gallons '.I .Barrel 

I the ^pacity of tanks greater than the largest given in the table, 

look in the taWe for a tank of one-half of the given size and multiply by 4 , 
or one of one-third its size and multiply its capacity by 9 , etc. 
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heights Am WIDTHS OF CIRCTJLAR SEGMENTS 

The table that follows is computed for circles of i inch diameter. For 
other diameters convert width of fiat into corresponding width for i inch 
diameter. Thus a i inch width of flat or chord on a 2 inch diameter circle 
would become i inch on a diameter of 1 inch. Refer to table and opposite 
0.5000 in column under W, find 0.067. as height of segment — or depth of 
flat-— for I inch diameter. Multiply this by 2 inches and get 0.134 inch as 
depth from top of arc, or height from flat to top of circle. 

W ^ 2 VKD - h) A = 1(1? - 

Or if a special ke^way (not found in Table 38 on page 893) is desired, say a 
keyway i| inch wide in a 4-inch shaft, we find dividing. il by 4 that" we have 
a corresponding flat for i-inch shaft of i| divided by 4 or 0.375. In the 
table under W we interpolate between the values for 0.3724 and 0.3772 (a 
difference of 0.0048) and find the corresponding depth would be 0.0365 for 
a i-inch shaft. Multiplying by 4 gives a depth of 0.1460 for drop from top 
of 4-inch shaft. 



Heights and Widths oe Circular Segments 


h 

w 

h 

W 

h 

w 

h 

W 

h 

W 

O.OOI 

0.0628 

o.osi 

0.4400 

O.lOl 

0,6027 

0.151 

0.7161 

0.201 

0.80 IS 

0.002 

0.089s 

6.052 

0.4441 

0.102 

0.6053 

0.152 

0.7181 

0.202 

0 . 8030 

0.003 

0.109s 

0.053 

0.4480 

0.103 

0.6081 

0.153 

0.7200 

0.203 

0 . 804s 

0.004 

0. 1262 

0.054 

0.4519 

0.104 

0.6106 

0.154 

0.7220 

0.204 

0 . 8060 

0.005 

0. 1412 

o.oss 

0.4561 

0. los 

0.6131 

o.iSS 

0.7240 

0.205 

0.8074 

0,006 

0.1544 

0.056 

0,4601 

0.106 

0.6167 

0.156 

0.7258 

0.206 

0 , 8090 

0.007 

o'. 1668 

0.057 

0.4636 

0.107 

0,6182 

0 .IS 7 

0.7278 

0 . 207 

0.8104 

0.008 

0.1783 

0.058 

0.4677 

0.108 

0.6209 

0.158 

0.7296 

0.208 

0.8117 

0.009 

io. 1888 

0.059 

0.4713 

0. 109 

0,6234 

0 .IS 9 

0.7314 

0,2091 

0.8131 

O.OIO 

0. 1990 

0.060 

0.4749 

O.IIO 

0.6259 

0.160 

0. 7331 

0.210 

0.8146 

O.OII 

0.2087 

0.061 

0.4787 

0 . Ill 

0.6284 

O.161 

0.7351 

0.2111 

0,8160 

0.012 

0.2179 

0.062 

0.4822 

0 .II 2 

0 . 6307 

0.162 

0.7370 

0.212 

0.8175 

0.013 

0.2267 

0.063 

0.4858 

O.II3 

0.6336 

0.163 

0.7388 

0.213 

0.8190 

0 . 014 

0.2349 

0.064 

0.4896 

0. 114 

0.6356 

0.164 

0.7406 

0.214 

0.8202 

o.ois 

0.2431 

0,06s 

0.4930 

0. 115 

0.6381 

0.i6s 

0 . 7425 

0.2IS 

0.8217 

0.016 

0.2509 

0.066 

0, 496s 

0. II 8 

0.6401 

0.166 

0.7441 

0.216 

0.9230 

O.017 

0,2585 

0.067 

0 . 5000 

0. 1 17 

0 . 6430 

0.167 

0.7461 

0.217 

0.8246 

0.018 

0.2661 

0 . 068 

0 , 5033 

0.118 

;o.64S2 

0 . 168 

0 . 7480 

0.218 

0.8258 

0.019 

0.2730 

0.069 

0 . 5067 

0. 1 19 0.6480 

0.169 

0.7495 

0.219 

0.8271 

0.020 

0.2801 

0.070 

0.5103 

jo. 120^0.6500 

0.170 

0 - 7 SI 3 

0.220 

0.8286 
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Heights and Widths of Ciechlae Segments— C ortireaed 


h 

W 


W 

h 

W 

h 

W 

h 

W 

0.021 

0.2868 

0.071 

0.5136 

0.121 

0.6525 

0. 171 

0.7532 

0.221 

0.8300 

0.022 

0.293s 

0.072 

0,5168 

0,122 

0 . 6547 

0.172 

0.7548 

0,222 

0.8311 

0.023 

0 . 3000 

0.073 

0,5203 

0.123 

0.6570 

0.173 

0.7566 

0.223 

0.8326 

0.024 

0 . 3063 

0.074 

0.5237 

0.124 

0.6591 

0.174 

o. 7 S 8 x 

0.224 

0.8339 

0.025 

0.3121 

0.075 

0.5267 

0 .I 2 S 

0.661S 

0.175 

0.7600 

0.225 

0.8351 

0.026 

0.3184 

0.076 

0.5300 

0.126 

0.6637 

0.176 

0.7617 

0.226 

0.8364 

0.027 

0.3239 

0.077 

O.S 33 I 

0.127 

0.6660 

0.177 

0.7634 

0.227 

0.837s 

0^028 

0.3300 

0.078 

0.5363 

0.128 

0.6683 

0.178 

0.7651 

0.228 

0.8391 

0 . 029 

0.3357 

0.079 

0.5395 

0.129 

0.6704 

0.179 

0.7666 

0.229 

0.8404 

0.030 

0.34x2 

0.080 

0.5424 

0.130 

0.6728 

0.180 

0.768s 

0.230 

0.8417 

0.031 

0.3466 

0.081 

0.5458 

O.I3I 

0.6750 

0. 181 

0.7700 

0.231 

0.8431 

0.032 

0.3521 

0.082 

0.5488 

0.132 

0.6771 

0.182 

0.7717 

0.2^ 

0 . 8443 

0.033 

0.3573 

0.083 

0.5520 

0.133 

0.6792 

0.183 

0.7735 

0.233 

0.8456 

0.034 

0.3624 

0.084 

0.5548 

0.134 

0.6814 

0.184 

0.7750 

0.234 

0 . 8470 

0.03s 

0.3676 

0.08s 

0.5578 

0.135 

0.6835 

0.185 

0.7766 

0.235 

0.8480 

0.036 

0.3724 

0.086 

0.5606 

0.136 

0.6857 

0 . 1 86 

0.7782 

0.236 

0.8493 

0.037 

0.3772 

0.087 

0.5638 

0.137 

0.6897 

0.187 

0.7799 

0,237 

0.8505 

0.038 

0.3824 

0.088 

0.5666 

0.138 

0.6898 

0.188 

0.7815 

0.230 

0.8515 

0.039 

,0.3873 

0.089 

i 0 .s 69 S 

0.139 

0.6920 

0.189 

0.7831 

0.239 

0.8530 

0 . 040 

0.3920 

0.090 

10.5724 

0.140 

0 . 6940 

0.190 

0 . 7846 

0.240 

0 . 8541 

0.041 

0.3966 

0.091 

0.5752 

O.141 

0.6961 

0.191 

0.7862 

0.241 

0,8554 

0.042 

0.4011 

0.092 

0.5780 

0.142 

0.6982 

0.192 

0.7880 

0.242 

0 . 8566 

0.043 

[ 0.4060 

0.093 

0.5810 

0.143 

0 . 7000 

0.193 

0.7892 

0.243 

0.8578 

0.44 

0.4102 

0.094 

0.5838 

0.144 

0.7024 

0.194 

0.7909 

0.244 

0.8590 

0.04s 

0.4148 

0.095 

0.5866 

0.145 

0 . 7042 

0.19s 

0.792s 

0.245 

0 . 8602 

0.046 

0 . 4190 

0.096 

0.5892 

0.146 

0.7063 

0.196 

0 . 7940 

0.246 

0.8613 

0.047 

0.4232 

0.097 

0.5920 

0.147 

0.7080 

0.187 

0.7955 

0.247 

0. 8626 

0.048 

0.4276 

0.098 

0.5946 

0.148 

0.7102 

0.198 

0.7971 

0.248 

0.8637 

0.049 

0.4318 

0.099 

0.5974 

0.149 

0.7122 

0.199 

0.798s 

0.249 

0.8649 

0 . 030 

0.4358 

0.100 

0.6001 

0.150 

0.7x41 

0.200 

0 , 8000 

0.250 

0.8660 

0 . 2 SI 

0.8672 

0.301 

0.9174 

0 . 3 SX 

0.9546 

0.401 

0.9802 

0 . 4 SI 

0.9952 

0.252 

0 . 8683 

0.302 

0.9183 

0.352 

0.9552 

0.402 

0.9806 

0.452 

0.9954 

0 . 2 S 3 1 

0 . 8695 

0.303 

0.9191 

0.353 

0.9558 

0.403 

0.9810 

0.453 

0.9956 

0 . 2 S 4 

0.8706 

0.304 

0,9200 

0.354 

0.9565 

0.404 

0.9814 

0.454 

0.9958 

0 . 2 SS 

0.8718 

0.30S 

0.9209 

0.355 

0.9571 

0.40s 

0.9818 

0 . 4 SS 

0.9960 

0.256 

0.8730 

0.306 

0.9217 

0.356 

0.9577 

0.406 

0.9822 

0.456 

0.9962 

0.257 i 

0.8740 

0.307 

0.922s 

0.357 

0,9982 

0.407 

0 . 9826 

0.457 

0.9963 

0,258 

0 , 8750 

0.308 

0,9233 

0.358 

0.9589 

0.408 

0.9830 

0.458 

0.996s 

0.259! 

0.8762 

0.309 

0.9242 

0.359 

0.9594 

0.409 

0.9833 

0.459 

0.9966 

0.260 

0.8772 

0.310 

0.9250 

0.360 

0 . 9600 

0.410 

0.9837 

0.460 

0.9968 

0.261 ' 

0.8784 

0.311 

0.9259 

0.361 

0 . 9606 

0.411 

0.9840 

0.461 

0.9969 

0.262 i 

0.8794 

0.312 

0.9266 

0,362 

0.9612 

0.412 

0.9844 

0.462 

0.9971 

0.263 

0.880S 

0.3x3 

0.9274 

0.363 

0.9617 

0.4x3 

0.9847 

0,463 

0.9972 

0.264 

0.8816 

0.3x4 

0.9282 

0.364 

0.9623 

0.414 

0,9851 

0.464 

0.9974 

0.265 

0.8827 

0,3x5 

0.9290 

0.365 

0.9629 

0.41S 

0 .9855 

0.46 s 

0.9975 

0.266 

0.8838 

0.3x6 

0.9299 

0.366 

0.9634 

0.416 

0,9858 

0.466 

0.9977 

0.267 

0 . 8848 

0.3x7 

0 . 9306 

0.367 

0 . 9640 

0.417 

0 .9861 

0.467 

0.9978 

0.268 

0.8858 

0.318 

0.93x5 

0.368 

0 . 964s 

0.418 

0.9864 

0.468 

0.9979 

0.269 

0 . 8869 

0.319 

0.9322 

0.369 

0 . 9650 

0.419 

0.9868 

0.469 

0.9981 

0,270 

0.8880 

0.320 

0.9330 

0.370 

0.9656 

0.420 

0.9871 

0.470 

0.9982 


CIRCULAR SEGMENTS 
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Heights AND Widths of Circular Segments.-— 


h 

W 

h 

W 

h 

W 

h 

W 

h 

W 

0.271 

0.8890 

0.321 

0.9336 

0.371 

0.9661 

0.421 

0.9874 

0.471 

0.99831 

0.272 

0 . 8900 

0.322 

0.9345 

0.372 

0.9667 

0.422 

0.9877 

0,472 

0,99842 

0.273 

0.8910 

0.323 

0.9352 

0.373 

0.9672 

0.423 

0.9880 

0.473 

0.99854 

0.274 

0.8921 

0.324 

0.9360 

0.374 

0.9677 

0.424 

0.9883 

0.474 

0.99862 

0.275 

0.8931 

0.325 

0.9367 

0.375 

0.9682 

0.425 

0.9887 

0.475 

0.9987s 

0.276 

0 . 8940 

0.326 

0.9375 

0.376 

0.9688 

0.426 

0 . 9890 

0.476 

0.9988s 

0.277 

0.8950 

0.327 

0.9382 

0.377 

0.9693 

0.427 

0.9893 

0.477 

0.99894 

0.278 

0.8960 

0.328 

0.8390 

0.378 

0.9798 

0.428 

0.9896 

0.478 

0.99904 

0.279 

0.8970 

0.329 

0.9397 

0.379 

0.9703 

0.429 

0.9898 

0.479 

0.99912 

0.280 

0 . 8980 

0.330 

0.9404 

0.380 

0.9708 

0.430 

0.9901 

0.480 

0.99921 

0.281 

0.8990 

0.331 

0.9412 

0.381 

0.9713 

0.431 

0 . 9904 

0.4811 

0.99927 

0.282 

0.9000 

0.332 

0.9420 

0.382 

0.9718 

0.432 

0.9907 

0.482 

0.99935 

0.283 

0.9009 

0.333 

0.9426 

0.383 

0.9722 

0.433 

0.9910 

0.483 

0.99942 

0.284 

0.9020 

0.334 

0.9432 

0.384 

0.9728 

0,434 

0.9913 

0,484 

0 .99949 

0.28s 

0.9028 

0 . 33 S 

0 . 9440 

0.385 

0.9732 

0.43s 

0.9915 

0.48s 

0.99955 

0.286 

0.9038 

0.336 

0.9446 

0.386 

0.9736 

0.436 

0.9918 

0.486 

0.99961 

0.287 

0.9047 

0.337 

0.9453 

0.387 

0.9742 

0.437 

0.9920 

0.487 

0 . 99966 

0.288 

0.9057 

0.338 

0.9461 

0.388 

0.9747 

0.438 

0.9922 

G.488 

0.99971 

0.289 1 

0 . 9066 

0.339 

0.9467 

0.389 

0.9751 

0.439 

0.9925 

0,489 

0.99976 

0.290 

0.907s 

0.340 

0.9474 

0.390 

0.975s 

0.440 

0.9927 

0.490 

0.99980 

0.291 

0.908s 

0.341 

0 . 9480 

0.391 

0.9760 

0.441 

0.9930 

0.491 

0,99984 

0.292 

0.9094 

0.342 

0 . 9488 

0.392 

0.9764 

0.442 

0.9932 

0 . 492 

0.99987 

0.293 

0.9103 

0.343 

0.9494 

0.393 

0.9769 

0.443 

0.9935 

0.493 

0.99990 

0.294 

0.9112 

0.344 

0 . 9 S 0 I 

0.394 

0.9773 

0.444 

0,9937 

0.494 

0 . 99993 

0 .295 

0.9121 

0.345 

0.9507 

0.39s 

0.9777 

0.445 

0.9939 

0.495 

0.99995 

0.296 

0.9130 

0.346 

0.9514 

0.396 

0.9781 

0.446 

0.9941 

0 . 496 

0.99997 

0.297 

0.9139 

0.347 

0.9520 

0.397 

0 .9786 

0.447 

0.9944 

0.497 

0.99998 

0.298 

0.9147 

0.348 

0.9527 

0.398 

0 .9790 

0.448 

0.9946 

0.498 

0.99999 

0.299 

0.9157 

0.349 

0.9533 

0.399 

0.9794 

0.449 

0.9948 

0.499 

0.99999 

0,300 

0.9165 

0.350 

0.9540 

0.400 

0.9798 

0.450 

0.9950 

0 . 500 

1.00000 
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Table FOR Fiot>ikg Radius of Segments 

Measure width and height of segment 
to find ratio ^ or Then find quo- 

tient in Col. I and opposite in Col 2 find 
the Chord C f or segment of radius i . Multi- 
ply this by the width of actual segment for 
the correct radius for that segment. Thus: 

If the width of chord C is 3 inches and 
the height T inch, then | equals 0.333. 
Find this in column i and opposite in 
column 2 read 0.5419. Multiply by 3, 
giving 1.6257 inch as the radius required 
for the segment. 


h 

C 

Con- 

stant 

h 

C 

Con- 

stant 

h 

Con- 

stant 

k 

c 

Con- 

stant 

h 

c 

Gon- 
: stant 

0.010 

12.500 

0,045 

2.800 

0.080 

1.602 

0.114 

1. 1534 

0.149 

0.9134 

O.OII 

11.362 

0.646 

2.740 

0.081 

1.583 

0,115 

1.1445 

0.150 

0.9083 

0.012 

10.418 

0,047 

2.68x 

0.082 

1.565 

0. 116 

1.1362 

0.150 

0.9083 

0.013 

9.611 

0.048 

1 2. .628 

0,083 

1.548 

0. 117 

1.1269 

0.151 

0.9033 

0.014 

8.846 

0.049 

2,575 

0.084 

1. 530 

0, 118 

I, 1182 

0,152 

0.8984 

o.ors 

8.341 

0,056 

2.525 

0.08s 

1. 513 

0.119 

1.1099 

0.153 

0.8935 

0.016 

7.821 

O.OSI 

2.476 

0.086 

1.496 

0. 120 

1. 1017 

0.154 

0.8887 

0.017 

7.361 

0.052 

2.430 

0.087 

1.481 

0. 121 

1.0934 

O.ISS 

0.8839 

0.018 

6.838 

6.053 

3.38s 

0.088 

1.465 

0. 122 

1.0856 

0.156 

0.8794 

0.8747 

0.019 

6*581 

0 -. 0 S 4 

2.342, ; 

0.089 

1.449 

0.123 

1,1078 

0. 157 

0.020 

6.260 

6 . OSS 

2.300 

0.090 

1-434 

0.124 

1.0700 

0.158 

0.8701 

0.021 

5.962 

0.056 

2.260 

0.091 

1.4x9 

0.125 

1.1063 

0.159 

0.8657 

0,022 

5.693 

0.057 

2.221 

0.092 

r.404 

0.126 

I . 0551 

0.160 

0.8613 

0.023 

5.446 

0.058 

2.184 

0.093 

1.390 

0. 127 

1.0477 

0.161 

0.8569 

0.024 

5 . 231 

O ;059 

2.148 

0.094 

1.377 

0. 128 

1.0406 

0.162 

0.8526 

0.02s 

! S.012 

0.060 

2.II4 

0.095 

1.363 

0,129 

1.0335 

0.163 

0.8483 

0.026 

1 4.812 

0.061 

2.080 

0.096 

1.350 

0.130 

1.026s 

0.164 

0.8441 • 

0.027 

4.643 

0.062 

2.047 

0.097 

1.337 

0.I3I 

I. 0186 

o.i6s 

0.8401 

0.028 

4.478 

0.063 

2.015 

0.098 

1.324 

0.132 

1.0130 

0.166 

0.8360 

0.029 

4.32 s 

0.064 

1.965 

0.099 

1.312 

0. 133 

1.0063 

0, 167 

0.8320 

0,030 

0.031 

4.181 

4.048 

0.06s 

0.066 

1.955 

r. 94 S 

O.IOO 

1.300 

0.134 

Q.I 3 S 

0.9998 

0-9935 

0.168 
0. 169 

0.8280 

0.8241 

0.032 

3.922 

0.067 

1,899 

O.IOl 

1.2871 

0.136 

0.9871 

0.170 

0.8203 

0.033 

3.804 

0.068 

1.870 

0.102 

1.2763 

0.137 

0.9809 

0. 171 

0.8165 

0.034 

3.693 

O.O69 

1.846 

0.103 

1.2651 

0.138 

0.9748 

0.172 

0.8127 

0.03 s 

3.589 

0.070 

1.821 

0,104 

1.2539 

0. 139 

0,9688 

0.173 

0.8091 

0.036 

3.490 

0.071 

1.796 

O.IOS 

1.2429 

0.140 

0.9629 

0.174 

0.8054 

0.037 

3.400 

0.0721 

1.772 

0,106 

1.2323 

0.1411 

0.9570 

0.175 

0.8018 

0.038 

3.308 

0.073 

1 . 749 

0.107 

1.2217 

0.142 

0.9513 

0.176 

0.7983 

0.039 

3.224 

0.074 

1.726 

0.108 

1.21 14 

0. 143 

0.9457 

0.177 

0.7947 

0.040 

3.130 

0.075 

1.704 

0.109 

1.2013 

0.144 

0.9401 

0.178 

0.7912 

0.041 

3.069 

0.076 

r.683 

O.IIO 

1.1903 

0.14s 

0.9345 

0.179 

0.7877 

0.Q42 

2.997 

0.077 

1.662 

O.XII 

1.1815 

0. 146 

0.9292 

0.180 

0.7844 

0.043 

2.928 

0.078 

1.641 

0 .II 2 

I. 1720 

0.147 

0.9238 

0. 181 

0.7811 

0.044 

2,863 

0.079 

1.602 

0. 113 

X.1628 

0. 148 

0.918s 

0. 182 

0.7778 
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Table FOR Finding Radius of Segments.— Co 


h 

■ 

Con- 

stant 

h 

C 

Con- 

stant 

h 

C 

Con- 

stant 

h 

C 

Con- 

stant 

h 

C 

Con- 

stant 

0.183 

0.7746 

0.232 

0.6548 

0.282 

0.5843 

0.332 

0.542s 

0.382 

0.5182 

0.184 

0.7713 

0. 233 

0.6529 

0.283 

0.5832 

0.333 

0.5419 

0.383 

0.S179 

0,185 

0. 7682 

0.234 

0.6514 

0.284 

0.5821 

0.334 

0.5412 

0.3S4 

0 .SI 7 S 

0.186 

0. 7651 

0.23s 

0.6494 

0.28s 

0.5811 

0.335 

0.5406 

0.385 

0. S172 

0.187 

0.7629 

0.236 

0.6477 

0.286 

0.5801 

0.336 

0,5400 

0.386 

0. 5168 

0.188 

0 . 7 S 90 

0.237 

0.6459 

0.287 

0.5790 

0.337 

0 . 5394 

0.387 

0.516s 

0.189 

0 . 7 SS 9 

0. 238 

0.6441 

0.288 

0.5780 

0.338 

0.5387 

0.388 

0, 5162 

0.190 

0.7529 

0.239 

0.642s 

0.289 

0,5770 

0.339 

0.5382 

0.389 

0.51S8 

0.191 

0.7500 

0,240 

0.6408 

0.290 

0.5760 

0.340 

0.5376 

0.390 

0 .SI 5 S 

0.192 

0.7470 

0.241 

0.6392 

0.291 

0 .S 7 SI 

0.341 

O.S 37 I 

0.391 

0.5152 

0.193 

0 . 744 X 

0. 242 

0.637s 

0.292 

0.5741 

0.342 

0.5365 

0.392 

O.SI49 

0. 194 

0.7413 

0.243 

0.6359 

0.293 

0.5731 

0.343 

0.5459 

0.393 

0. 5146 

0.19s 

0.7386 

0.244 

0.6343 

0.294 

0.5721 

0.344 

0.5354 

0.394 

0,5143 

0.196 

0.7357 

0.24s 

0.6327 

0.295 

0 .S 71 I 

0.34s 

0.5348 

0.39s 

0.5139 

0.197 

0.7330 

0.246 

0.6311 

0.296 

0.5703 

0.346 

0.5334 

0.396 

0.5137 

0.198 

0.7307 

0,247 

0.6296 

0.297 

0.5694 

0.347 

0,5337 

0.397 

0,5134 

0.199 

0.7276 

0.248 

0.6280 

0.298 

0.5685 

0.348 

0.5332 

0.39.8 

0.SI3I 

0.200 

0.7250 

0.249 

0.6265 

0.299 

0.5676 

0.349 

0.5327 

0-399 

0-5 128 



0.250 

0.6250 

0.300 

0. 5666 

0.350 

0.5321 

0.400 

0. 512s 

0.201 

0.7224 

0.251 

0.623s 

0.301 

0.5658 

0.351 

0.5316 

0.401 

0 .SI 22 

0.202 

0.7199 

0.252 

0.6220 

0.302 

0,5649 

0.352 

0.5311 

0.402 

0.5119 

0.203 

0.7173 

0.253 

0,6205 

0.303 

0.5641 

0.353 

0.5306 

0.403 

O.SII7 

0. 204 

0,7147 

0.254 

0. 6290 

0.304 

0.5632 

0.354 

0.5302 

0.404 

O.SII4 

0.20s 

0.7123 

0.255:0.6177 

0.305 

0.5623 

0.355 

0.5296 

0.405 

O.5III 

0,206 

0.7098 

0.256 

0.6163 

0.306 

0.5615 

0.356 

0.5291 

0.406 

0.5109 

0.207 

0.7074 

0.257 

0.61SO 

0.307 

0.5607 

0.357 

0.5287 

0.407 

O.SIO6 

0.208 

0.7050 

0.258 

0.6135 

0.308; 

0,5599 

0.358 

0.5282 

0.408 

O.SIO4 

0.209 

0.7026 

0.259:0.6122 

0.3090.5590 

0.359 

0.5277 

0.409 

0.5101 

0,210 

0.7003 

0. 260 

0.6108 

0.310 

0.5582 

0.360 

0.5272 

0.410 

O.SO99 

0.211 

0.6978 

0. 261 

0.6094 

0.311 

0 . 5 S 7 S 

0.361 

0.5268 

O.411 

0.5096 

0.212 

0.6957 

0.262 

0.6081 

0,312 

0. 5566 

0.362 

0.5263 

0,412 

0.5094 

0.213 

0.6933 

0. 263 0.6066 

0.313 

0.5558 

0.363 

0.5258 

0.413 

0.5092 

0.214 

0.6911 

0.264 0.6054 

0.3140.5551 

0,364 

0.5254 

0.414 

0.5089 

0 . 2 IS 

0.6889 

0.265 0.6042 

0.31S 

0.5543 

0.36s 

0.5249 

O.41S 

O.SO87 

0.216 

0.6867 

0.266,0.6029 

0.316 

0.5536 

0.366 

0.524s 

0.416 

0.5085 

0.217 

0.6845 

0. 267*0. 6016 

0.317 

0.5528 

0.367 

0.5241 

0.417 

0.5082 

0.218 

0.6820 

0.268 

0.6004 

0.318,0.5521 

0.368 

0.5237 

0.418 

0.5080 

0. 219 

0.6803 

0.269 

0.5992 

0.319 0.SS13 

0.369 

0,5233 

0.419 

0.5078 

0.220 

0.6782 

0.270 

0,5980 

0,320 

0.5506 

0.370 

0.5228 

0.420 

0.5076 

0.221 

0.6761 

0.271 

0 . 5968 

0.321 

0.5509 

0.371 

0.5224 

0.421 

0.5074 

0.222 

0.6740 

0.272 

0 -S 9 SS 

0.322 

0.5492 

0.372 

0.5220 

0.422 

0.5072 

0.223 

0.6720 

0.273 

0.5944 

0.323 

0.5485 

0.373 

0.5216 

0.423 

O.SO70 

0.224 

0.6700 

0-274 

0.5933 

0.32^ 

0.5478 

0.374 

0,5212 

0.424 

O.SO68 

0.225 

0.6680 

0.275 

0.5920 

0.32s 

0,5471 

0.37 s 

0.5208 

, 0.42s 

0.5066 

0.226 

0.6660 

0,276 

0.5909 

0.326 

0.5463 

0. 376 

0.520s 

0.426 

0.5064 

0.227 

0.6641 

0.277 

0.5898 

0.327 

0.5457 

0.377 

0,5201 

0.427 

0.5062 

0.228 

0.6623 

0.278 

0,5886 

0.328 

0 .S 4 SI 

0.378 

0,5197 

0,428 

0.5061 

0.229 

0.6603 

0.279 

0.5875 

0.329 

0.5444 

0.379 

1 0. S192 

0.429 

1 0.5059 

0.230 

0.6585 

0.280 0.5864 

0.330 

0.5438 

0.380 

i 0.5189 

0.430 

0.5057 

0.231 

0.6566 

0.281 0.5853 

,0.331 

jO.5431 

0.381 

0.S186 

0.431 

O.SOSS 
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Table eor Finbing Radius oe Segments.— C ojiiiwMei 


h 

c 

Con- 

stant 

k 

C 

Con- 

stant 

h 

C 

Con- 

stant 

h 

C 

Con- 

stant 

h 

C 

Con- 

stant 

0.432 

0.5054 

0.447 

0.S031 

0.461 

0.50164 

0.476 

0.50061 

0.491 

0.50009 

0.433 

0.5052 

0.448 

0.5030 

0.462 

0.50156 

0.477 

0.S0055 

0.492 

0. 50007 

0.434 

0.50SO 

0.449 

0.S029 

0.463 

0.50148 

0.478 

0.50050 

0.493 

0.50005 

0.43s 

0.5048 

0.450 

0.5028 

0.464 

0.50140 

0.479 

0.50048 

0.494 

0.50004 

0.436 

0.5047 

0.450 

0,50278 

0.465 

0.40132 

0,480 

0.50042 

0.495 

0.50003 

0.437 

0.504s 

0.451 

0.50266 

0.466 

0.S0124 

0.481 

0.50037 

0.496 

0.50002 

0.438 

0.5044 

0.452 

0.S0255 

0.467 

0.50116 

0.482 

0.50033 

0.497 

0.50001 

*0.439 

0.5043 

0.453 

0.50244 

0.468 

0.50109 

0.483' 

0.50029 

0.498 

0.50000 

*0.440 

0.5042 

0.454 

0.S0233 

0.469 

0.50102 

0.484 

0.50026 

0.499 

0.50000 

0,441 

0.5039 

0.455 

0.50223 

0.470 

0.50096 

0.48s 

0.50023 

0.500 

0. 50000 

0.442 

0. 5038 

0.456 

0.S0213 

0.471 

0.50089 

0.486 

0.50022 



0.443 

0.5037 

0.457 

0-50203 

0.472 

0.50083 

0.487 

0.50021 



0.444 

0.5035 

0.458 

0.50 193 

0.473 

0.50077 

0.488 

0.50018 



0.445 

0. 5034 

0.459 

0.50181 

0.474 

0.50071 

0.489 

0.50015 



0.446 

0.5033 

0.460 

0.50174 

0.475 

0.50066 

0 . 490 

0.50012 




STRENGTH OF PINS 
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General Factors oe Saeety 


Material 

Steady 

Load 

Load Vary- 
ing from 
Zero to 
Maximum 
in One 
Direction 

Load Vary- 
ing from 
Zero to 
Maximum 
in Both 
Directions 

Suddenly 
Varying 
Loads and 
Shocks 

Cast iron... 

6 

10 

IS 

20 

Wrought iron 

4 

6 

8 

12 

Steel. • 

5 

6 

8 

12 

Wood. 

8 

10 

IS 

20 

Brick 

IS 

20 

2 S 

30 

Stone. 

IS 

' 20 

25 

30 


Table Showing Shearing Strength of Open-Hearth Steel Pins 
Taken at 7,500 Pounds per Square Inch, Cross Section 


Diameter of 

Pin 

Single-Shear 
Strength, Pounds 

Diameter of 

Pin 

Single-Shear 
Strength, Pounds 

i 

828 

if 

18,037 

t 

1,472 

if 

20,707 

1 

2,301 

2" 

23,565 

i 

3.313 

2f 

26,600 

1 

4,510 

2i 

29,820 

i" 

5,890 

2| 

33)225 

il 

7,455 

2i 

36,817 

li 

9,202 

2f 

40,590 

if 

11,132 

2f 

44,550 

i| 

13,252 

2I 

48,690 

if 

IS,SSS 

3" 

53,010 


Foote Brothers. 




SECTION XIX 

GAGES AND STOCK WEIGHTS 

Twist Brill and Steel Wire Gage Sizes 

^ The Twist Brill and Steel Wire Gage is used for measuring the 
sizes of twist drills and steel drill rods. Rod sizes by this gage should 
not be confused with Stubs’ Steel Wire Gage sizes. The difference 
between the sizes of corresponding numbers in the two gages ranges 
from about .0005 to .004 inch, the Stubs sizes being the smaller except 
in the cases of a few numbers where the systems coincide exactly, ^ 

Twist Brill and Steel Wire Gage Sizes 


No. 

of 

Gage 

Bia. 

in 

Inches 

No. 

of 

Gage 

Dia. 

in 

Inches 

No. 

of 

Gage 

Dia. 

in 

Inches 

No. 

of 

Gage 

i Dia. 

; , in ' ' 

Inches 

1 ■ ■■ ■ , ' 

I 

.2280 

21 

.1590 

41 

.0960 

61 

.0390 

2 

.2210 

22 

.1570 

42 

‘0935 

62 

.0380 

3 

.2130 

23 

.1540 

43 

.0890 

63 

.0370 

4 

.2090 

24 

.1520 

44 

.0860 

64 

.0360 

5 

•205s 

25 

.1495 

45 

.0820 

65 

•0350 

6 

.2040 

26 

.1470 

46 

.0810 

66 

.0330 

7 

.2010 

27 

.1440 

47 

.0785 

67 

.0320 

8 

.1990 

28 

.1405 

48 

.0760 

68 

.0310 

9 

.1960 

29 

.1360 

49 

.0730 

69 

.02925 

10 

•1935 

30 

.1285 

50 

.0700 

70 

.0280 

■ 1 

.1910 

31 ! 

.1200 

SI 

.0670 

7 X j 

.0260 

12 ■■ 1 

.1890 

■ 32 1 

.1160 

52 

•0635 

72 ! 

.0250 

13 i 

.1850 

33 1 

.1130 

53 

•0595 

73 

.0240 

14 

.1820 

34 i 

.1110 

54 

•0550 

74 

.0225 

15 

.1800 

35 I 

.1100 

55 

.0520 

75 

.0210 

16 

.1770 

36 ! 

.1065 

56 

.0465 

76 

.0200 

17 

.1730 

37 1 

.1040 

57 

.0430 

77 

.0180 

18 

.1695 

3S 

.1015 

58 

.0420 

78 

.0160 

19 

.1660 

39 I 

‘O995 

59 

.0410 

79 

.0145 

20 

.1610 

40 

.0980 

60 

.0400 

80 

‘0135 


STUBS’ GAGES 

In using Stubs’ Gages, the difference between the Stubs Iron Wire 
Gage and the Stubs Steel Wire Gage should be kept in mind. The 
Stubs Iron Wire Gage is the one commonly known as the English 
Wire, or Birmingham Gage, and designates the Stubs soft 
The Stubs Steel Wire Gage is used in measuring drawn 
or drill rods of Stubs’ make and is also used by many 
makers of drill rods. 
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WIRE GAGE SIZES 
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DIMENSIONS IN DECIMAL PARTS OF AN INCH 


Number 

of 

Gage 

Americaa I 
or . 

Brown < 
■ & 

Sharpe 

Birm- 
ingham 
>r Stubs’ 
Iron • 
Wire ‘ 

Wash- r 
bum& ' 
Moen 
mg . Co . 

rrenton 

Iron 

Co. 

Stubs* 

Steel 

Wire 

Imxxs- 

rial 

Wire 

Gage 

Old 

Standard 
for Piate 

*•" — nrr ' 






.464 

. 460 







ooooo 

oooo 




■430 

.400 

1 1 ' - 

•432 

.429 

•39S 

.368 

.46 

•454 

•3938 


.400 



.40964 


■3623 

.360 

•372 

ooo 

oo 

.380 


.3648 

•331° 

-?20 

•348 

•337 

•3°3 


, 

.32486 


•3065 

.324 

.306 

0 



I 

.2893 

.300 

.2830 

.285 

.227 

.300 

•2757 

2 

•25763 

.284 

.2625 

.265 

.219 

.276 

.2604 

3 

.22942 

•259 

•2437 

.245 

.212 

.252 

.2451 

4 

.20431 

.238 

•2253 

.225 

.207 

.232 

.2298 

5 

.18194 

.220 

.2070 

.205 

.204 

.212 

-2145 

6 

.16202 

.203 

.1920 

.190 

.201 

.192 

.1991 

7 

.14428 

.180 

.1770 

•175 

.199 

.176 

.1838 

8 

.12849 

.165 

.1620 

.160 

-197 

.160 

.1685 

9 

.11443 

.148 

.1483 

.145 

•194 

.144 

•1532 

10 

.10189 

.134 

.1330 

.130 

.191 

.128 

.1379 

II 

.090742 

.120 

.1205 

•1175 

.188 

.116 

.1225 

12 

.080808 

.109 

•105s 

.105 

.185 

; .104 

. 1072 

13 

.071961 

•095 

.0915 

.092s 

.182 

.092 

.0919 

14 

.064084 

•083 

.0800 

.080 

.180 

.080 

.0766 

IS ' I 

.057068 

.072 

.0720 

.070 ' 

.178 

.072 

.0689 

i6 1 

.05082 

.065 

.0625 

.061 

.175 

.064 

.0613 

17 

.045257 

.058 

0540 

.0525 

.172 

.056 

•0551 

i8 

,040303 

.049 

.0475 1 

.045 

.168 

.048 

.0490 

19 

.03589 

.042 

.0410 ' 

,040 

.164 

.040 

.0429 

20 

.031961 

•035 

.0348 

•035 

.161 

.036 

.0368 

21 

.028462 

.032 

•0317s 

.031 

.157 

.032 

.0337 

22 

•025347 

,028 

.0286 

.028 

.155 

.028 

,0306 

23 

.022571 

.025 

.0258 

.025 

•iS3 

.024 

.0276 

24 

.0201 

,022 

.0230 

.0225 

.151 

.022 

.0245 

2$ 

.0179 

.020 

.0204 

.020 

.148 

.020 

•0214 

26 

.01594 

.018 

.0181 

.018 

. 14 ^ 

.018 

.0184 

27 

,01419s 

.016 

.0173 

.017 

.143 

.0164 

,0169 

28 

.012641 

.014 

.0162 

.016 

•139 

.0149 

.0153 

29 

.011257 

.013 

.0150 

.015 

•134 

.0136 

.0138 

30 

.010025 

.012 

.0140 

.014 

.127 

.0124 

• 0123 

31 

.008928 

.010 

.0132 

.013 

,120 

.0116 

.0107 

32 

.00795 

.009 

.0128 

.012 

.1x5 

.0108 

.0100 

33 

.0070S 

.008 

.0118 

.Oil 

.112 

.0100 

.0092 

34 

.006304 

.007 

.0104 

.010 

.110 

.0092 

. 0084 

35 

.005614 

.005 

•0095 

.0095 

.108 

.0084 

.0077 

36 

.005 

.004 

.0090 

.009 

.106 

.0076 

.0069 

37 

•004453 



.0085 

.103 

,0068 

.0065 

38 

.003965 



.608 

.101 

.0060 

.0061 

39 

•003531 



.0075 

.099 

.0052 

.0057 


1 ,003144 



.007 

•097 

.0048 

• 0054 




WIRE GAGES AND STOCK WEIGHTS 


Wire and Detli. Sizes Arranged CoNSECimvELir 


Gage Number 


‘wist IMfl or 
Sted Wire 

















WIRE GAGES AND STOGR WEIGHTS 


Stubs’ Steel Wire Sizes, and Weight in Pounds per Linear 

Foot 


Letter -Bia, Weiglit No. of 

and No. in per Wire 

of Gage Indies Foot Gage 


Dia. Weight No. of 
in per Wire 

[ndies Foot Gage 


.246 

.162 

32 


.242 

.159 

33 

.112 

.238 

.152 

34 

,110 

.234 

.146 

35 

.loS 

.227 

.138 


.106 


.032 

.0027 

.031 

.0026 

,030 

.0024 

.029 

.0022 

.027 

.0020 

.026 

.0018 


.038 

.0039 

.037 

.0037 

,036 

.0035 

.035 

.0033 


079 

.017 

077 

.016 

07s 

.015 


,016 

,0007 

.015 

.0006 

.014 

.0005 

.013 

.0004 













WIRE AISTB SHEET STEE 94S 


Music Wiee Sizes 


No. of 
Gage 

Diam- 

eter 

No. of 
Gage 

Diam- 

eter 

No. of 
Gage 

Diam- 

eter 

No, of 
Gage 

Diam- 

eter 

6-0 

0.004 

8 

0.020 

21 

0.047 

34 

0. 100 

S-o 

0.005 

9 

0.022 

22 

0.049 

35 

0 . 106 

4”'® 

0.006 

10 

0.024 

23 

0.051 

36 

0.112 

3-0 

0.007 

II 

0.026 

24 

0.055 

37 

0. 118 

2-0 

0 . 008 

12 

0.029 

25 

0.059 

38 

0. 124 

0 

0.009 

13 

0.031 

26 

0.063 

39 

0, 130 

I'; 

0.010 

14 

0-033 

27' 

0 . 067 

40 

0. 138 

2 

O.OII 

IS 

0.03s 

28 

0,071 

41 

0 . 146 

3 

0.012 

16 

0.037 

29 

0.075 

42 

0.154 

4 

0.013 

17 i 

0.039 

30 

0.080 

43 

0.162 

5 

0.014 

18 

0,041 

31 

0.085 

44 

0.170 

6 

0.016 

19 

0,043 

32 

0 . 090 

45 

0.180 

7 

0.018 

20 

0.045 

33 

0.09 s 




Due to the fact that the wire gage of the American Steel Wire 
Company was most extensively used this gage has been recom- 
mended by the Bureau of Standards. On this account it has 
seemed best to publish only these sizes, as given above. 


WEIGHT Airo APPROXIMATE THICKHESS OF SHEET 
STEEL 

U. S. Standard Gage 

The U. S. gage is a weight and not a thickness gage, being based on 
wrought iron at 0.2778 pounds per cubic inch or 480 pounds per 
cubic foot. The numbers, or gage thicknesses, were to give definite 
weight per square foot, No, 0000000 being 0.5 inch and wrought iron 
of this gage weighing 20 pounds per square foot. 

Because steel has almost entirely superseded wrought iron 
for sheet use since the U. S. gage was established, the density 
of rolled steel, o. 2 833 pound per cubic inch, or 489.6 pounds per cubic 
foot was adopted by the Association of American Steel Manu- 
facturers, the A. S. T. M., and approved by the Bureau of Standards. 
The Manufacturers’ Standard Gage now uses 41.82 pounds per 
square foot for steels i inch thick. This gives the table on page 946 , 
dated August, 1940. 

Sheets up to and including No. 5, or 0,2145 in. are called ^‘ sheets” 
-—above mis they are called ^^plates.” 

For commercial tolerances see pages 960 to 967. 




946 WIRE GAGES AND STOCK WEIGHTS 


Manueactxjrehs^ Standard Gage roR Sheet Steel 

Gage-thickness equivalents are based on 0.0014945 inch per 
ounce per square foot; 0.023912 inch per pound per square foot 
(reciprocal of 41.82 lb. per square foot per inch thick); 3.443329 
inches per pound per square inch. 


Manufac- 
turers’ 
Standard 
Gage No. 

Ounces 
per Square 
Foot 

Pounds 
per Square 
Inch 

Pounds 
per Square 
Foot 

Inch 

Equivalent 
for Steel 
Sheet 

; Thickness 

Manufac- 
turers’ 
Standard 
G-age No. 

3 

160 

0.069444 

10 . 0000 

0.2391 

3 

4 

ISO 

0.065104 

9.3750 

0.2242 

4 

5 

140 

0.060764 

8.7500 

, 0.2092 

S 

6 

130 

0.056424 

8.1250 

0.1943 

6 

7 

120 

0.052083 

7 . 5000 

0.1793 

7 

8 

no 

[ 0.047743 

1 6.8750 

0.1644 

8 

9 

100 

0.043403 

6 . 2500 

0.149s 

9 

10 

90 

0.039062 

5.6250 

0 -I 34 S 

i ■ ' 10 

i 

■ ■■ i 

1 1 

80 

0.034722 

5 . 0000 

0.1196 

1 ' , II 

12 

70 

0.030382 

4 -3750 

0.1046 

12 

13 

60 

0.026042 

3 - 7500 

0.0897 

1 

14 

30 

0.021701 

3.1250 

0.0747 

14 

IS 

45 

0.019531 

2. 8125 

0.0673 

IS 

16 

40 

0.017361 

2.5000 

0.0598 

16 

17 

36 

0.015625 

2.2500 

0.0538 

17 

18 

32 

0.013889 

2 . 0000 

0.0478 

18 

19 

28 

O.OI2IS3 

1.7500 1 

0.0418 

19 

20 

24 

0.010417 

1.5000 ^ 

0.0359 

20 

21 

■22 

0 . 0095486 

1.3750 

0.0329 

21 

22 

20 

0.0086806 

I . 2500 

0.0299 

22 

23 

18 

0.0078125 

I.I250 

0.0269 

23 

24 

16 

0 .0069444 

I . 0000 

0.0239 

24 

25 

14 

0.0060764 

0.8750 

0.0209 

25 

26 

12 

0.0052083 

0.7500 

0.0179 

26 

27 

II 

0.0047743 

0.6875 

0.0164 i 

27 

28 

10 

0.0043403 

0.6250 

0.0149 1 

28 

29 

9 

0.0039062 

0.5625 

0.0135 ! 

29 

30 

8 

0.0034722 

0.5000 

0.0x20 

; ..:. 30 V;,-; 

31 

7 

0.0030382 

0.43750 

0.0105 

31 

32 

6.5 

0.0028212 

0.40625 

0.0097 

32 

33 

6 

0.0026042 

0.37500 

0.0090 

33 

34 

5.5 

0.0023872 

0.34375 

0.0082 

34 

35 

5 

0.00 2 I 701 

0.3X250 

0.0075 

35 

36 

4-5 

0.001953 I 

0.28125 

0.0067 

36 

37 

4.25 

0.0018446 

0.26562 

0 . 0064 

37 

38 

4 

0.0017361 

0 . 25000 

0 . 0060 

38 


WEIGHT OF PLATES 
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Weights oe Aluminum, Brass and Copper Plates 

AMERICAN OR BROWN & SHARPE GAGE 


No. of 
Gage 

Thickness 
in Inches 

Weight in Lbs. per Square Foot 

Aluminum 

Brass 

Copper 

oooo 

.46 

6.48 

19.688 

20.838 

ooo 

. 4096 

5-77 

I7-S33 

18.557 

oo 

.3648 

S-I4 

15-613 

16.525 

0 

.3249 

4-58 

13.904 

14.716 

I 

.2893 

4.08 

12.382 

13* 105 

2 

.2576 

3 63 

11.027 

II .670 

3 

.2294 

3*23 

9.819 

10.392 

4 

.2043 

2.88 

8-745 

9.255 

5 

.1819 

2.56 

7.788 

8.242 

6 

.1620 

2.28 

<5-935 

7.340 

7 

.1443 

2.03 

6.175 

6.536 

8 

.1285 

1,81 

5-499 

5.821 

9 

.1144 

1 .61 

4.898 

5.183 

lO 

.1019 

1.44 

4.631 

4.616 

II 

.0908 

1.28 

3.884 

4. no 

12 

.0808 

1. 14 

3.438 

3.660 

13 

.0720 

X.OI 

3.080 

3.260 

14 

.0641 

•903 

2.743 

2.903 

IS 

.0571 

.804 

2.442 

2.585 

i6 

.0508 

.716 

2-175 

2.302 

17 

•0453 

.638 

1-937 

2.050 

i8 

.0403 

.568 

1.725 

1.825 

19 

•0359 

.506 

1.536 

1.626 

20 

.0320 

• 450 

1.367 

1.448 

21 

.0285 

.401 

1.218 1 

1 .289 

22 

.0253 

•357 

1.085 1 

1.148 

23 

.0226 

.318 

.966 1 

1.023 

24 

,0201 

.283 

.860 i 

.910 

25 

.0179 

,252 

,766 1 

.811 

26 

•0159 

.225 

.682. 

.722 

27 

.0142 

.200 

.608 

.643 

28 

.0126 

.178 

.541 

•573 

29 

.0113 

•159 

.482 

.510 

30 

.0100 

.141 

.429 

.454 

31 

.0089 

.126 

.382 

.404 


.0080 

.113 

.340 

• 360 

33 

.0071 

,100 

•303 

.321 

34 

.0063 

.0888 

.269 

.286 

35 

.0056 

.0790 

.240 

•254 

36 

>0050 

.0704 

.214 

.226 

37 

.0045 

.0627 

.191 

. 202 

38 

.0040 

■0558 

,170 

.180 

39 

.0035 

•0497 

.151 

.160 

40 

0031 

.0442 

•X3S 

.142 



948 WIRE GAGES AND STOeK WEIGHTS 



Sheet-Metal Weights per Square Inch 

\ The draftsman, or toolmaker at times, has occasion to calcukf-P 
the weights- of certain small parts made from sheet stock, particu 
larly in connection with press work; and it is convenient often to 
be able to find directly the weight of materials per square inch 
instead of having to take the square-foot weight, as commonlv 
given m tables, and then divide by 144 or, better yet, multiply by 

For this reason ^e table here, which is compiled for aluminum 
brass, and copper in American or Brown and Sharpe gage and for 
and copper in Birmingham or Stubs’ gage, may be of service 
This IS especially of interest where small, light parts have to be 
figured for weight to determine their operation in relation to other 
parts, that is, where weight and area may have to be adjusted in 
respect to each other. This would apply among other parts to 
certain t5yes of smaU floating members, liquid control diaphragms 
and the like. * ’ 
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Weight PER Square Inch FOR Aluminum, Brass^ and Copper 


Americai;! or Brown and Sharpe Gage 


Birmingham or Stubs’ Gage 


No. 

Gage 

Thick, 
ness in 
Inches 

Alumi- 

num 

Brass 

Copper 

THck- 
ness in 
Inches 

Brass 

Copper 

0000 

0.46 

0.04s 

0.137 

0.14s 

0.454 

0 .I 3 S 

0.143 

000 

0 . 4086 

0.040 

0.123 

0.129 

0.42s 

0.127 

0.134 

GO 

0.3648 

0 . 036 

0.109 

0. IIS 

0.380 

0. 114 

0. 120 

0 

0.3249 

0.033 

0.0973 

0.130 

0,340 

0. lOI 

0.102 

I 

0.2893 

0.028 

0.0866 

0.091 

0.300 

0.089 

0.09s 

2 

0.2576 

0.025 

0.0771 

0,083 

0.284 

0.08s 

0.091 

3 

0. 2294 

0.023 

0.068 

0.072 

0.259 

0.077 

0.079 

4 

0 . 2043 

0.020 

0.061 

0 . 064 

0.238 

0.071 

0.075 

5 

0.1819 

0.018 

0.054 

0.057 

0.220 

0.06s 

0.070 

6 

0.1620 

0.016 

0.048 

0.051 

0,203 

0.0608 

0.064 

7 

0.1443 

0.014 

0.043 

0.04s 

0.180 

0.0538 

0.057 

8 

0, 128s 

0.013 

0.040 

0.042 

0.16s 

Q.049 

0.052 

9 

0. 1144 

0.0127 

0.034 

0.036 

0,148 

0.044 

0.046 

10 

0. 1019 

0.010 

0.032 

0.033 

0.134 

0.040 

0 . 042 

II 

0.0908 

0.009 

0.027 

0.028 

0.120 

0 . 036 

0.038 

12 

0.080 

0.008 

0.024 

0.02s 

0.109 

0.032 

0.034 


0.0720 

0.007 

0.0215 

0.022 

0.095 

0.028 

0.030 

14 

0.0641 

0 . 006 

0.019 

0.0205 

0.08 s 

0.024 

0.0263 

IS 

0.0571 

0.0056 

0.017 

0.018 

0.072 

0.021 

0,0228 

i6 

0.0508 

0.005 

o.ois 

0.016 

0 . 06s 

0.019 

0.020 

17 

0 . 04 S 3 

0 . 0044 

0 . 0 I 3 S 

0.0143 

0.058 

0,017 

0.018 

l8 

0 . 0403 

0.004 

0.012 

0.0127 

0.049 

0 .014 

O.OIS 

19 

0.0359 

0.0037 

0.0107 

0.0113 

0.042 

0 . 0 I 2 S 

0.0133 

20 

0.0320 

0.0031 

0 . 0096 

0.0104 

0.03s 

0.0104 

O.OIIO 

21 

0.028s 

0.0028 

0.0085 

0.009 

0.032 

0.009s 

O.OIOl 

22 

0 . 02 S 3 i 

0.002s 

0.0076 

0.0080 

0.028 

0.0083 

0.009 

23 

0.0226 

0,0022 

0.0067 

0.0071 

0.02s 

0 . 0074 

0.0079 

24 

0.0201 

0.002 

0 . 006 

0 . 0063 

0,022 

0 . 006s 

0.0070 

25 

0.0179 

0.0017 

0.0053 

0.0056 

0.020 

0.0059 

0.0063 

26 

0 . 0 IS 9 

0.0016 

0 . 0047 

0.0050 

0.018 

0.0053 

0,0057 

27 

0.0142 

0.0014 

0.0043 

0 , 0045 

0.016 

0. 0047 

0.0050 

28 

0.0126 

0.0012 

0.0037 

0.0041 

0.014 

0,0041 

0.0044 

29 

0.0113 

O.OOII 

0.0033 

0.003s 

0.013 

0 . 0038 

0 . 0041 

30 

0.0100 

0.0010 

0 . 0030 

0.0031 

0.012 

0.003s 

0,0038 

31 

0 . 0089 

0.0009 

0.0027 

0,0028 

0.010 

0,0029 

0.0031 

32 

0.0080 

0 . 0008 

0.0023 

0.002s 

0.009 

0.0026 

0.0028 

33 

0.0071 

0.0007 

0.0021 

0.0022 

0,008 

0.0023 

0.0025 

34 

0 . 0063 

0.0006 

0.0018 

0,0020 

0.007 

0 . 0020 

0.0022 

3 | 

0.0056 

o.oooss 

0.0016 

0.0017 

0.00s 

0.0014 

0.0015 

36 

0.0050 

0.0005 

0.0014 

O.OOIS 

0.004 

O.OOII 

0.0012 

37 

0 . 0045 

0 . 00043 

0.0013 

0,0014 




38 

0 , 0040 

0.00039 

O.OOII 

0,0012 




39 

0.0035 

0 . OQO34 

0,0010 

O.OOII 




40 

0.0031 

0.0003 

0 . 0009 

0.0010 







WIRE GAGES AND STOCK WEIGHTS 


Weights OF Steel, Wrought Iron, Brass anb Copper Elates 

■DT'DH/rT’vmTr A %/r r\n C'rrmo* />a/^.tc> 


Thickness 

in 

Inches 


Weight in Lbs. per Square Foot 


WEIGHT OF WIRE 


95l 


Weights OF Steel, Iron, Brass and Copper Wire 
AMERICAN OR BROWN & SHARPE GAGE 


No. 

^ ^ — P- 

Dia, 

1 Weight in Lbs. per 1000 Linear Feet 

of 

Gage 

Inches 

Steel 

Iron 

Brass 

Copper 

0000 

.4600 

566.03 

560.74 

605.18 

640.51 

000 

.4096 

448.88 

444.68 

479.91 

507.95 

00 

.3648 

355-99 

352.66 

380.67 

402.83 

0 

.3247 

282.30 

279.67 

301,82 

319-45 

I 

.2893 

223.89 

221.79 

239.35 

253.34 

2 

.2576 

I 77 -SS 

175-89 

189.82 

200.91 

3 

.2294 

140.80 

•139.48 

150-52 

159-32 

4 

.2043 

III. 66 

110.62 

119.38 

126.35 

5 

.1819 

88.548 

87.720 

94.666 

1 00. 20 

6 

.1620 

70.221 

69-565 

75-075 

79.462 

7 

•1443 

SS-68S 

55-165 

59-545 

63.013 

8 

.1285 

44.164 

43-751 

47.219 

49-976 

9 

.1144 

35.026 

34-699 

37-437 

39-636 

10 

.1019 

27.772 

27.512 

29.687 1 

31.426 

II 

.0907 

22.026 

21.820 

23.549 

24.924 

12 

.0808 

17.468 

17-304 

18.676 ^ 

19,766 

13 

.0720 

13-851 

13.722 

14.809 

15.674 

14 

.0641 

10.989 

10.886 

11.746 

12.435 

IS 

•0571 

8.712 

8.631 

9-315 

9-859 

i6 

.0508 

6.909 1 

6.845 

7-587 

7.819 

17 

.0453 

5-478 

5-427 

5-857 

6.199 

i8 

.0403 

4.344 

4.304 

4-645 

4.916 

19 

.0359 

3 - 44 S 

3-413 

3.684 

3.899 

20 

.0320 1 

2.734 

2.708 

2.920 

3.094 

21 

.0285 

2.167 

2.147 

2.317 

2.452 

22 

.0253 

1-719 

1.703 

1.838 

1*945 

23 

.0226 

1-363 

1 - 35 ° 

1-457 

1.542 

24 

.0201 

1. 081 

1.071 

1-155 

1.223 

25 

.0179 

.8571 

.8491 

•9163 

.9699 

26 

.0159 

.6797 

•6734 

.7267 

.7692 

27 

.0142 

.5391 

•5340 

•5763 

.6099 

28 

.0126 

.4275 

•4233 

• 457 ° 

.4837 

29 

.0113 

.3389 

•3358 

.3624 

.3835 

30 

.0100 

.2688 

.2663 

•2874 

.3042 

31 

.0089 

.2132 

.2113 

1 .2280 

.2413 

32 

.0080 

.1691 

•1675 

.1808 

.1913 

33 

.0071 

.1341 

.1328 

.1434 

.1517 

34 

,0063 

.1063 

•1053 

.1137 

.1204 

35 

.0056 

.0844 

.0836 

.0901 

.0956 

36 

.0050 

.0668 

,0662 

•O7IS 

.0757 

37 

.0045 

.0530 

.0525 

.0567 

,0600 

38 

.0040 

.0420 

,0416 

.0449 

.0475 

39 

.0035 

.0333 

.0330 

.0356 

.0375 

40 

.0031 

.0264 

,0262 

,0282 

.0299 


952 WIRE GAGES AKD STOCE: WEIGHTS 

Weight PER IisrcH oe Round Bars oe Carbon and High-Speed 
Steel IN Pounds PER Linear Inch 


Diam- 

Weiglit of Bar 

I Inch Long 

Diam- 

Weight of Bar 

I Inch Long 

Diam- 

Weight of Bar 

I Inch Long 

Bar, in 
Indies 

Carbon 

Steel 

High- 

Speed 

Steel 

Bar. in 
Inches 

Carbon 

Steel 

High- 

speed 

Steel 

Bar, in 
Inches 

Carbon 

Steel 

High- 

speed 

Steel 

fs 

0 . 00087 

0.00098 

2^ 

1.33 

1.496 

4 il 

5 - IS 

S ' 793 

K 

0,003s 

0 . 0039 

2i 

1.39 

1.563 

4 i 


5.28 

S • 940 

A 

0.0078 

0.0088 


♦ 1.46 

1.642 

41 


S.42 

6.097 . 

f 

0.0139 

0.0156 


I. S 3 

1. 721 

S 


5.56 

6,25 s 

A 

0.0217 

0 . 0244 

2ff 

1. 61 

1.811 

SA 

S.70 

6.412 

f 

0.0313 

0.0352 

2f 

1.68 

1.890 

si 

■ 

5.84 

6.570 

A 

0.042s 

0.0478 

2if 

1.76 

1.980 

5 * 

S.98 

6,727 


o-ossb 

0.062s 

2l 

1.84 

2.070 

Si 


6.13 

6. 896 

A 

0.0703 

0.0791 

2ff 

1.92 

2.160 

Sfs 

6.27 

7-053 

1 

0 . 0868 

0 . 0976 

3 , 

2,00 

2.250 

s^ 


6.42 

7.222 


o.ios 

0. 118 

3 iV 

2 . 08 

2.340 



6.57 

7.391 

1 

0. 12S 

0.141 

3 i 

2.17 

2.441 

^ 5 ^ 


6.72 

7 ■ S6o 

if 

0,147 1 

0. i6s 

3 i^ 

2.26 

2.542 

5 .* 

6.88 

7.740 


0.170 

0.191 

3 f 

2 . 3 S 

2.643 

SI 

L 

7.03 

7.90a 

if 

O.I 9 S 

0.219 

3 lV 

2.44 

2.74s 


7.19 

8.088 

I 

0.22 

0.248 

3 i 

2.53 

2.846 

, Si 


7.35 

8.268 

lis 

0 . 25 

0.281 

31 ^ 

2.63 

2 . 9 S 8 

. SM 

7. SI 

8 . 448 

li 

0.28 

0.31S 


2.72 

3.. 060 

si 

f ■ 

7.67 

8.628 

I* 

0.31 

0.349 

3^ 

2.82 

3.172 

sf§ 

7 . 84 

8.820 


0.35 

0.397 

3 L 

2.92 

3.285 

6 


8.00 

9.000 

ip 

0.38 

0.427 

3 if 

3.02 

3.397 



8.34 

9.382 

If 

0.42 

0.472 

3 f ■ 

3.13 

3.521 

6i 


8 . 68 

9.76 s 

I A 

0.46 

0.S17 

3 fl 

3.23 

3.633 


i 

9.03 

10.16 

If 

o.so 

0.562 


3*34 

3 . 757 

6| 

r 

9.39 

10.56 

I* 

O.S 4 

0.607 

3 if 

3 -AS 

3.881 

5 i 

\ 

9.76 

10. 9& 


0 .S 9 

0.663 

4 ' 

3.56 

4. 005 

6^ 

\ 

10. 1 

11.36 

Iff 

0,63 

0.709 

4 is 

3.67 

4. 128 

6^ 

\ 

10. s 

11.81 

If 

0.68 

0.76s 

4 i 

3.78 

4.252 

7 


10.9 

12.26 

iH 

0.73 

0.821 

4 ^ 

3 ■90 

4.387 

7l 


II. 3 

12.71 

If 

0.78 

0.877 


4.01 

4.SII 

n 


II. 7 

13.16 

Iff 

0.83 

0.933 

4 ^ 

4.13 

4.646 

71 


12. 1 

13.61 

2 

0.89 

1. 00 1 

4 f 

4-25 

4.781 

7i 


12. s 

14.06 


0.94 

I. OS 7 

4 ^ 

4.38 

4.927 

7\ 


12.9 

14.51 

2 l 

1. 00 

1.125 

4 l 

4 -SO 

5.062 

71 


13.3 

14.96 

2* 

1.06 

1,192 

4 i^ 

4.63 

5.208 



13.8 

15 . 52 " 


1. 13 

1. 271 

1 4 l, 

4 - 7 S 

S.343 

8 


14.3 

16.08 

2* 

1.19 

1.338 

4 ff 

4.88 

5,490 





2 | 

I. 2 S 

1.406 

! ■ 4 f' ... 

S-oi 

5. 636 






WEIGHT OF WIRE 


953 


Weights oe Iron, Brass, and Coeper Wire 
BIRMINGHAM: OR stubs’ GAGE 


No. 

of 

Gage 

Dia. 

ill 

Inches 

1 Weight in Lbs. ter 1000. Linear Feet 

Iron 

Brass 

Copper 

0000 

.454 

546.21 

589.29 

623.2 

000 

•425 

47S.65 

516.41 

546.1 

oo 

.380 

382.66 

412.84 

436.6 

0 

.340 

3 ° 6-34 

330-50 

349-5 

I 

.300 

238.50 

257.31 

272.1 

2 

.284 

213.74 

230.60 

243.9 

3 

■ 2 S 9 

177.77 

191.79 

202.8 

4 

.238 

150.11 

161.95 

171.3 

5 

.220 

128.26 

138.37 

146.3 

6 

.203 

109.20 

117.82 

124.6 

7 

.180 , 

85.86 

92.63 

97.96 

8 

.165 

72.14 

77-83 

82.31 

9 

.148 

58 -°S 

62.62 

66.23 

10 

.134 

47-38 

31-34 

54.29 

II 

.120 

38.16 

41.17 

43-34 

12 

.109 

3149 

33-97 

35-92 

13 

•09s 

23.92 

25.80 

27.29 

H 

.083 

18.26 

19.70 

20.83 

IS 

.072 

13-73 

14.82 

15-67 

i6 

.065 

II. 19 

12.08 

12.77 

17 

.058 

8.92 

9.62 

10.17 

i8 

.049 

6.36 

6.86 

7-239 

19 

.042 

4.67 

5.04 

5-333 

20 

•035 

3-25 

3-52 

3-704 

21 

.032 

2.71 

2.93 

3.096 

22 

.028 

2.08 

2.24 

2.370 

23 

.025 

1.66 

1-79 

1.890 

24 

.022 

1.28 

1-39 

1463 

25 

.020 

1.06 

1.14 

1.209 

26 

.018 

.863 

.926 

•979 

27 

.016 

.680 

1 -732 

.774 

28 

.014 

.529 

-560 

592 

29 

.013 

' 438 

483 

.51X 

30 

.012 

.382 

.412 

i 435 

31 

.010 

.266 

,286 

i .302 

32 

' .009 

.212 

.232 

; .244 

■■33 

.008 

.167 

^183 

•193 

;"''34 ■■■ 

.007 

•133 

.140 

.148 

35 

.005 

,066 

.071 

.075 

36 

.004 

.046 

.048 

.052 



954 


WIRE GAGES AND STOCR WEIGHTS 



Weights oe Steel and Iron Bars per Linear Foot 


Dia. or Dis- 
tance Across 
Flats 

Steel 

Iron ^ 

Weight per Foot 

Weight per FooiT" 

Round 

Square 

Hexagon 

Octagon 

Round 

~ Squari^ 


.010 

.013 

,012 

.Oil 

.010 

.01? 

i 

.042 

.053 

.046 

,044 

,041 

0 

.052 

A 

.094 

.119 

.103 

.099 

.092 

.117 

i 

.167 

.212 

.185 

•177 

.164 

,208 

A 

.261 

.333 

.288 

•277 

.256 

.326 

i 

•375 

•478 

.414 

•398 

.368 

.469 

A 

.511 

.651 

.564 

.542 

.501 

.638 

i 

.667 

.850 

.737 

.708 

.654 

.833 

A 

.845 

1.076 

.932 

.896 

.828 

1*055 

t 

1.043 

1.328 

1.151 

1. 107 

1,023 

1.302 

a 

1.262 

1.608 

1.393 

I.331 

1.237 

1.576 

i 

1.502 

I.913 

1.658 

1.584 

1*473 

1.875 


1-763 

2.245 

1.944 

1.860 

1.728 

2.201 

i 

2.044 

2.603 

2.256 

2.156 

2.004 

' .2.552 

if 

2.347 

2.989 

2.591 

2.482 

2.301 

2.930 

I 

2.670 

3.400 

2.947 

2.817 

2.618 

3*333 

lA 

3-014, 

3.838 

3*327 

3.182 

2*955 

3.763 

li 

3*379 

4.303 

3.730 

3-568 

3*313 

4.219 

1 A 

3.766 

4.795 

4.156 

3-977 

3.692 

4.701 

li 

4*173 

5*312 

4.605 

4.407 

4.091 

5.208 

I A 

4.600 

5.857 

S.077 

4.838 

4.510 

5.742 


5*049 

6.428 

5.571 

5-331 

4.950 

6.302 

lA 

5.518 

7.026 

6.091 

s-827 

5.410 

6.888 

li 

6.008 

7.650 

6.631 

6-344 

5.890 

7.500 

lA 

6.520 

8.301 

7.195 

6.905 

6.392 

8.138 

if 

7.051 

8.978 

7-776 

7-446 

6.913 

8.802 

lii 

7.604 

9.682 

8-392 

8.027 

7*455 

9-492 

If 

8.178 

10.41 

9-025 

8-635 

S.oiS 

10.21 

iff 

8.773 

II. 17 

9.682 

9.264 

8.601 

10.95 

i| 

9*388 

11.95 

10.36 

9.918 

9.204 

11.72 

iff 

10.02 

12.76 

11.06 

10.58 

9.828 

12.51 

2 

10.68 

13.60 

11.79 

11.28 

10.47 

13-33 

2i 

12.06 

15-35 

13*31 

12.71 

11.82 

15-05 

2f 

13*52 

17.22 

14.92 

14.24 

13.25 

16.88 

2t 

15.07 

19.18 

16.62 

15*88 

14.77 

18.80 

2I 

16.69 

21.25 

18.42 

17-65 

16.36 

20.83 

2-1 

18.40 

23.43 

20.31 

19-45 

18.04 

22.97 

2f 

20.20 

25*71 

22.29 

21.28 

19.80 

25.21 

2I 

22.07 

28.10 

24.36 

23.28 

21.64 

27-53 

3 

24.03 

30.60 

26.53 

25.36 

23.56 

30.00 

3i 

26.08 

33.20 

28.78 

27.30 

25-57 

32-55 

3i 

28.20 

35.92 

31.T0 

29.28 

27.65 

35-21 

3l 

30.42 

38.78 

33.57 

32-10 

29.82 

37-97 


32.71 

41.65 

36.10 

34-56 

32.07 

40.83 

3I 

35*09 

44.68 

38.73 

37-05 

34*40 

43.80 


37-56 

47.82 

41.45 

39-68 

36.82 

46.88 

3i 

40,10 

51-05 

44.26 

42-35 

39.31 

50.05 

4 

42.73 

54-40 

47.1^ 

45-12 

41.89 

53-33 


i 



WEIGHT OF BARS 955 


Weights of Brass, Copper and Aluminum Bars per Linear 
Foot 


Dia. or 

Brass 

Copper 1 

Aluminum: 

Dis- 

Weight per Foot 

Weight per Foot | 

Weight per Foot 

tance 

Across 

Flats 

Round 

Square 

Hexagon 

Round 

Square 

Round 

Square 

A 

.oil 

.014 

.013 

.012 

.015 

.003 

.004 


.045 

-055 

.048 

.047 

.060 

.014 

.018 

A 

.100 

.125 

.108 

.106 

-135 

.032 

.041 

i 

•17s 

.225 

.194 

.189 

•241 

•057 

.072 

A 

.275 

-350 

.301 

.296 

•377 

.089 

.114 

i 

•395 

.510 

.436 

.426 

•542 

,128 

.163 

A 

.540 

.690 

•592 

-579 

•737 

.174 

.222 

i 

.jio 

•905 

•773 

•757 

.964 

.227 

.290 

A 

.goo 

i.iS 

.978 

•958 

1.22 

.288 

.367 

f 

1.10 

1.40 

1.24 

1. 18 

1*51 

•356 

•453 

a 

I. 3 S 

1.72 

1-45 

1.43 

1.82 

•430 

.548 

i 

1.66 

2.05 

1*73 

1.70 

2.17 

.516 

•652 

« 

1.85 

2.40 

2.03 

2.00 

2-54 

.601 

.766 

i 

2.1S 

2.75 

2.36 

2.32 

2.95 

.697 

.888 

it 

2.48 

3.15 

2.71 

2.66 

3-39 

.800 

1.02 

I 

2-85 

3-65 

3.10 

3.03 

3.8^ 

.911 

1.16 

iiV 

3.20 

4.08 

3*49 

3.42 

4.35 

1.03 

1.31 

li 

3-57 

4.55 

3.91 

3.81 

4.88 

I.15 

1-47 

I A 

3-97 

5.08 

4.38 

4.27 

5.44 

1.28 

1.64 

li 

4.41 

5.^5 

4.82 

4.72 

6,01 

1.42 

i.8r 

lA 

4.86 

6.22 

5.33 

5.21 

6.63 

1-57 

2.00 

If 

S- 3 S 

6.81 

5.76 

5.72 

7.24 

1.72 

2.19 

lA 

5.86 

7.45 

6.38 

6.26 

7,97 

1.88 

2.40 

if 

6.37 

8.13 

6.92 

6.81 

8.67 

2.05 

2.61 

lA 

6.92 

8.S3 

7.54 

7.39 

9.41 

2.22 

2.83 


7.48 

9.55 

8.15 

7-99 

10.18 

2.41 

3.06 

lA 

8.05 

10.27 

8.80 

8.45 

10.73 

2.59 

3*30 

if 

8.65 

1 1. 00 

9.47 

9.27 

11,80 

2.79 

3*55 

iff 

9.29 

11.82 

10.15 

9.76 

12.43 

2.99 

3 - 8 i 

if 

9-95 

12.68 

10.86 

10.64 

13*55 

3.20 

4.08 

I If 

10.58 

13.50 

11.68 

11. II 

14.15 

3.41 

4-35 

2 

11.2$ 

14.3s. 1 

12.36 

12.11 

15-42 

3-64 

4.64 

2i 

12.78 

16.27 

13.92 

13.67 

17.42 

4.11 

5-24 

4 

14.32 

18.24 

15.72 

iS -33 

19-51 

4.61 

5-87 

2I 

15.96 

20.32 

17.52 

17.08 

21.74 

5.. 14 

6.54 

2i 

17.68 

’22.53 

19.44 

18.92 

24.09 

5-<59 

7.25 

4 

I 9 - 5 Q 

24.83 

21.24 

20.86 

26.56 

6.27 

7.99 

2f 

21.40 

27.25 

23.40 

22.89 

29.05 

6.89 

8.53 

4 

23.39 

29.78 

25.82 

25.02 

31.86 

7-52 

9-58 

3 

25.47 

32^43 

27.84 

27.24 

34-69 

8.20 

10.44 

3 i 

30.45 

38.77 

32.76 

31.97 

40.71 

9.62 

12.25 

3 i 

35.31 

44 . 9<5 

37.80 

37.08 

47.22 

II. 16 

14.21 

3 i 

40.07 

51.01 

43 . 5<5 

42.11 

S3-6i 

; I 2 . 8 i 

16.31 

4 

46.12 

58.73 

49.44 

48.43 

,1 

61.67 

14.56 

18.56 
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DECIMAL XmCKOTSS TABLE FOR SHEET COPPER 

Sheet copper is frequently designated by the weight in ounces 
of a square foot instead of by its thickness. This table prevents 
tlie necessity of weighing and measuring. 


Thicikness of Copper prom 3 to 253 Ounces per Square Foot 


Ounces per 
Square Foot 

Decimal Thick- 
ness, Inches 

Ounces per 
Square Foot 

Decimal Thick- 
ness, Inches 

3 

0.004 

64 

0.083 

4 

0.005 

70 

0.095 

6 

0.008 

81 

0, X09 

8 

0.0X0 

89 

O.X20 

10 

0.013 

xoo 

0.134 

12 

0.0x6 

no 

0.148 

14 

0.0x8 

123 «. 

0.165 

16 

0.022 

134 

0.180 

18 

0.025 

151 

0.203 

20 

0.028 

164 

0.220 

24 

0.032 

177 

0.238 

32 

0 . 042 

193 

0.259 

40 

0.049 

2II 

0,284 

4^1 

0.065 

223 

0.300 

56 

0.072 

253 i 

0.340 


Buffalo, N. y. H. B. Kellam 


I Gages Used in U. S. por Dipperent Material 

Name of Gage Used for Gaging 

American Wire or Brown Brass, bronze, copper and other non- 

& Sharpe ferrous wires and sheets 

Birmingham, or Stub’s Telegraph and telephone wire. Also 

iron wire to some extent for non-ferrous sheets 

and the wall thickness of tubing. 

Music wire Piano and other music wire 

Sheet zinc., Zinc sheets 

Steel wire, or Washburn Steel wire except music wire and drill 

Moen. rod 

Twist drill and steel wire Twist drills and drill rods 

U. S. Standard for sheets Sheet and plate iron and steel — really 

and plates, more of a gage of weight per square 

foot than of thickness 

! '' 

GAGE AHB WEIGHT OF 2OTC SHEET 

Sheet zincsrolled in the U. S. is measured by the American Stand- 
ard zinc gage. The table is supplied by the Illinois Zinc Company. 
The numbers run opposite to most metal gages, the smaller numbers 
being the thinnest metal. 


960 


WIRE GAGES AND STOCK WEIGHTS 


Illinois Zinc Company’s Zinc Gage 


No. 

Lbs. per 
Sauare 
Foot 

Thickness 
in Inches 

, No. 

Lbs. per 
Square 
Foot 

Thickness 
in Inches 

3 

0.22 

0 . 006 

16 

1.68 

0.04s 

* 4 

0.30 

0.008 

17 

1.87 

0.050 

5 

0-37 

O.OIOyItj- 

18 

2.06 

0.055 

6 

0.4 s 

0.012 

19 

2.25 

o.obofV 

7 

0.52 

0.014 

20 

2.62 

0.070 

8 

0.60 

O.OI6 

21 

3.00 

0.080 

9 

0.67 

0.018 

22 

3-37 

0 . 090 

10 

0-75 

O.02O-bV 

23 

3-75 

0 . lOOj^cj 

II 

0.90 

0.024 

24 

4.70 

O.I25i 

12 

I. OS 

0.028 

25 

9.40 

0.250J 

13 

1.20 

0.032 

26 

14.00 

o- 37 Sf 

14 

1-35 

0.036 

27 

18.7s 

0.500 

IS 

1.50 

0 . 040 - 2’5 

28 

37.50 

1 . 000 


TOLERANCES ON COMMERCIAL MATERIALS 

Brill Rod. — Commercial tolerance on ground drill rod is plus or 
minus 0.0005 inch in practically all sizes up to i inch. On special 
order this tolerance can be about cut in half. On cold drawn drill 
rod the tolerance is generally plus or minus 0.001 inch. (Anchor 
Drawn Steel Company.) 

Cold Brawn Seamless Tubing. — Tolerances vary with the size 
of the tube and with the finish. On smaller tubes the 0 . D. 
tolerance is all plus and the I. D. all minus. Wall tolerance is 
given in percentages. This refers to round tubes. Greater 
tolerances are usually found in rectangular tubes. Details of 
tolerances on cold drawn round tubes of the National Tube Com- 
pany are given in Table i, page 961. 
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962. WIRE GAGES AHD §TOCK WEIGHTS 

THICKNESS TOLERANCE 
(American Rolling Mill Co.) 

The following tables show the plus or minus variation from 
ordered thickness on sheets ordered by decimal thickness: 

Permissible Variation FROM 
Ordered Thickness ON All 
Sheets OVER 42 Inches Wide 
Ordered As Well As All Sheets Rolled 

Thickness on Hand Mills 


o. 250 and thicker 0.016 

0.220 to 0.249 0-015 

0.190 to 0.219. 0.014 

0.160 to 0.189 0.013 

0.140 to 0.159 0.012 

0.120 to 0.139 o.oii 

0.100 to 0.119 0.010 

0.080 to 0.099 o . 009 

0.070 to 0.079 • • 0.008 

0.060 to 0.069 0.007 

0.050 to 0.059 0.006 

0.040 to 0,049. 0.005 

0.030 to 0.039. 0.004 

Lighter than o. 030 0.003 


Ordered 

Thickness 


Permissible Variation from 
Ordered Thickness ON All 
Sheets 42 Inches Wide and 
Less Rolled on Continuous 
Mills 


o. no and heavier. o. 01 

0.079 to 0.109.,. 0,007 

0.057 to 0.078. 0.005 

‘0.045 to 0.056..... 0.004 

0.018 to 0.044 0.003 

0.0125 to 0.017.. 0.002 

While material ordered by thickness is subject to inspection by 
thickness only, and not by weight, yet it is reasonable to expect 
that over large quantities the average weight will come within the 
weight tolerance for the weight and width of material ordered. 
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WEIGHT TOLERANCE 

When ordered by weight per square feet, sheets shall conform 
to the following tables: 


Permissible Variation from 
Ordered Gage Weight, on Sheets 
42 Inches Wide and Less in 
Percentage of Estimated Weight 

All of One 
Gage and 
Size in 
Shipment, 

Single 
Package, 
Per Cent 

Single 
Sheet, 
Per Cent 

1 

16 gage and heavier 5.0 

7.0 

10. 0 

17 to 22 gage, inclusive ....... 3.5 

s-s 

10. 0 

23 gage and lighter. 2.5 

4.0 

10.0 


Permissible Variation from 
Ordered Gage Weight, on 
Sheets Over 42 Inches Wide, in 
Percentage of Estimated Weigh 


Ordered Gage Weight 


All of One 
Gage and Single Single 

Size in Package, Sheet, 

Shipment, Per Cent Per Cent 
Per Cent 


16 gage and heavier . . . . 

17 to 22 gage, inclusive . 

23 gage and lighter 
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Thickness in Fractions oe an Inch 


^Average 
Weight per 
Square Peet 
Cold Rolled 
Sheets Not 
Resquared 


Fractions 
of Inch 


Commercial Tolerances 

Latrobe Electric Steel Company furnish tool bits for lathe, 
planer, or similar tools to a tolerance of plus or minus 0.006 inch. 
On special shapes hot rolled up to i inch, round or square, the toler- 
ance is plus or minus 0.008 inch. Over i inch the tolerance is 
plus or minus 0.012 inch. Gold drawn steel is furnished up to f 
inch round or square with a tolerance of plus or minus 0.001 inch. 
On larger sizes the tolerance is 0.002 inch. 

Tolerances of Brass and Coffer Tubing (Wolverine Tube 

Co.) ■■■ 


VorratTon in Diometep 


Variation in 


Outside or Inside 


Coiled. Lengths 


IB'ANDLONUER- 6' 


AH Tolerances. Plus or Minus 


Equivalent 
Thickness 
in Decimal 
Points of 
an Inch 

Embrac- 
ing the 
Follow- 
ing 
Gage 
Ranges 

Average 
Weight per 
Square Feet 
Hot Rolled 
or Cold 
Rolled 
Steel 
Sheets 
Resquared 

Average 
Weight per 
Square Feet 
Hot Rolled 
Sheets Not 
Resquared 

0. 140 

10 

S- 737 S 

5-8236 

0.125 

II 

S-I 

5-1765 

0.109 

12 

4.4625 

4.5294 

0.093 

13 

3-825 

3-8824 

0.078 

14 

3-1875 

3.2353 

0.070 

IS 

2.86875 

2.9118 

0.0625 

16 

2.55 

2-5883 

0.056 

17 

2.295 

: 2.3294 

0.050 

18 

2.04 

2.0706 

0.043 

19 

1-785 

1 I. 8118 

0.0375 

20 

T‘S 3 

1.5530 

0.034 

21 

1.4025 

1.4325 

0.0312 

22 

1-275 

I. 2941 

0.028 

23 

I. 1475 

1.1647 

0.025 

24 

1 . 02 

- 1-0353 

0.021 

25 

0.8925 

0.9059 

0.018 

26 

0.765 

0.7765 

0.017 

27 

0.70125 

0. 7118 

0.0156 

28 

0.6375 

0.6471 


Variation in 

Variation in 

Wall 

Length 

UP TO .0)8- .001" 

UP TO 6 FEET-V 32 " 

.019" V ,O35'-.0O2" 

6.01" 8 « - Vie" 

.038" « .109i!-.003" 

laoi" » 10 - W 

. 110 " 1 * .I86-.004" 

iO.OMNO LONGER- Vs" 
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Commercial Tolerances on Steel Balls 


(Hoover Steel Ball Company) 


Grade and Size 

Spherical 
Within, 
in Inches 

Sizes 1 to iii inches; 

Grade No. i chrome steel balls (formerly micro chrome grade). 
Grade No. 2 chrome steel balls (formerly standard grade) , . . . 

0.000025 

0.00005 

0.0002 

Hafflware f^ade chrome steel balls 

0.001 

Siz*e^2 to 2| inches: 

Grade No. i chrome steel balls (formerly micro chrome grade). 
Grade No. 2 chrome steel balls (formerly standard grade) . . . . 
Grade No. 3 chrome steel balls (formerly “A” grade). ...... 

0.00005 

0.0002 

0.0005 

Hardware grade chrome steel balls 

0 . 001 

Sizes 3 inches and larger; 

Grade No. i chrome steel balls (formerly micro chrome grade). 
Grade No. 2 chrome steel balls (formerly standard grade). . . . 
Grade No. 3 chrome steel balls (formerly “A” grade). . . . . . . 

0 . 00005 
0.0002 
0.0005 

Hardware grade chrome steel balls 

0.001 

( up to 1 inch 

0.0001 

Stainless steel balls, diameter: a to 2 inches 

0.0001 

lover 2 inches. 

0.0002 

Brass and bronze balls 

0.0002 

Monel metal balls 

0 . 0002 




Commercial Tolerances 

Special- Accuracy Screw Stock 

[ This screw-stock quality is suitable for requirements of extreme 
accuracy and polished finish, furnished within a tolerance of 0.0005 
inch plus or minus. Sizes range from ^ up to inches. 

i Piston-Rod Stock 

! Where work calls for shafting true to round, precise in size, 
I straight and free from surface imperfections, this stock is suitable. 

It is especially suited for all close work in pump building. This 
; shafting runs from exact size to not more than 0.002 inch undersize. 
> Ordinary sizes run from f to if inches diameter. 







6 ''^KJS GAGES AND STOGE WEIGHTS 
Tolerances foe Hot-Rolled Steel— Rotjnds, Squaebs 

„ , Hexagons > s- ^s, 

bizE, IN Inches 

Up to^and mclucEng J Under 0.007 Over o got 

Over i, up to and mcluding I Under o 010 Ovpr^''”^ 

Over I, up to and including 2 Under * Over 

Over 2, up to and including 3 Under S Over 2 

Over 3, up to and including 5 Under ^ Over 4 

Over s, up to and including 8 Under * OvS t 


Over o.olo 
Over ^ 
Over ir 
Over I 
Over i 


Tolerances of Cold-Drawn Steel 


SfcfSLT Drawn ‘steel dSn^^^thl 

5 . T fnrl ^ Company gives these tolerances on round bars 
toA‘-oVmT' ^ ^ -ches, -0.003 inch; over”' 

u^d totvr^^^&Te ““P' cant 



GOMMERCIAL TOLERANCES 967 


Manufactxiring Tolerances 
(Jos. T. Ryerson and Son) 

Cold-Finished Steel Bars (Bessemer and Open-Hearth Screw Stock 
and Special Open-Hearth Specifications, 0.50 Per Cent Carbon 
and Less) 


Variation in size, in Inches 


Diameter, in Inches 

Rounds and 
Hexagons 

Squares 

Under 

Over 

Under 

Over 

Up to 0.3 inclusive. 

0.002 

0 

0. 003 

0 

Over 0.3: to I inclusive. .... .... . . . . 

0.003 

0 

0.004 

0 

Over I to 2| inclusive 

0 . 004 

0 \ 

0.005 

0'-'; 

Over 2i to 6 inclusive. . ............ 

0.005 

0 i 

0.006 

0 


Flats, in Inches 


Thickness, in Inches 

Up to if Inches 
Wide 

Over if Inches 
"mde 

Under 

Over 

Under 

Over 

Up to 0.3 inclusive. ........... 

0.003 

0 

0.005 

0 

Over 0.3 to I inclusive. ............ 

0.004 

0 

0.005 

0 

Over I to 24 inclusive. ... ..... . 

0 . 005 

0 

0.006 

0 

Over 2*1 to 4 inclusive. ............. 



0.007 i 

0 

Over 4 to 6 inclusive. . ............. 



V . w f 1 

0.010 

'O',: 


The tolerances on flats apply to thickness as well as width 


For Shafting 


Under, 
in Inches 


Over 


Up to I inch inclusive. . . . . . 

Over I to 2 inches inclusive 
Over 2 to 4 inches inclusive 
Over 4 to 6 inches inclusive 


0.002 o 
0.003 I o 
o . 004 
0.005 


o 

o 


SECTION XX 


HORSE-POWER, BELTS, AND SHAFTING 

Horse-Power 

Horse-power is an arbitrary unit of measurement which has been 
adopted for measuring the work of engines or machines. It is 
given as 33,000 foot pounds per minute which means i pound lifted 
33,000 feet per minute or 33,000 pounds lifted i foot per minute or 
330 pounds lifted 100 feet per minute, or any combination which 
gives 33,000 foot pounds per minute. 

Steam Engine Horse-Power 

In a steam engine it means the elective steam pressure per 
square inch, times the length of piston movement per revolution in 
feet, times the piston area in square inches, times the number of 
revolutions per minute, and all divided by 33,000. This is easily 
remembered by the formula 


PLAN 

33,000 


= H.P. 


where P = mean effective pressure per square inch. 
X = length of a double stroke in feet. 

.4 == area of piston in square inches. 

N = number of revolutions per minute. 


Electrical Power 


As compared with electrical units the mechanical horse-power 
equals 746 watts or nearly f of a kilowatt, so that a kilowatt (1,000 
watts) equals 1.34 horse-power. ^ ^ 


Gas Engine Horse-Power 

The A.L.A.M, rating for gasoline engihes, which means the rating 
adopted by the American Licensed Automobile Manufacturers, 
is based^ on the assumption that the piston speed is 1,000 feet per 
minute in all ca^s. This gives i , 500 revolutions per minute for a 
4-mch stroke motor, which is about average practice. Since the 
defeat of the Selden patent, the A.L.A.M. has ceased to exist, and 
the standard is now known as the S.A.E. standard (Society of 
Automotive Engineers). 
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S.A.E. (AX.A.M.) Horse-Power Rating 

J92 X iV" 

The formula adopted is and is based on 1,000 feet per 

2 . 5 ' 

minute piston speed. D is the cylinder bore, N the number of 
cylinders, and 2.5 a constant based on the average view of the 
Mechanical Branch as to a fair conservative rating. 


Table i. — Horse-Power eor Usual Sizes or Motors, Based 
ON S.A.E. (A.L.A.M.) Formula 


Bore 

Horse-Power 

Ins. 

M/M 

I Cyl. 

2 Cyls. 

4 Cyls. 

6 Cyls. 

8 Cyls. 

2I 

64 



10 

IS , 

20 

2f 

68 

2 i 

si 

II 

i6i 

22 

2f 

70 

3 , 

6 

I2tV 

iSi 

24-ft 

2f 

73 

3A 

6f 

I3i 

19 ! 

26f 

3 

76 

31, 

7i 

14I 

2I| 

281 

si 

79 

3if 

711 

isf 

23A 

3ii 


83 

4i 

Sh 

16-3^ 

251 

33f 

31: 

85 

sA 

9i 

iSi 

27I 

36i 

3i 

89 

4 A 

9f 

I9I 

29I 

39 J 

3t 

92 

si 

lOf 

2oi 

311 

4 oi 

3i 

95 

sf 

iii 

22I 

33i 

4 S 

3f 

99 

6 

12 

24 

36^- 

48 

4 

102 


12| 

2 Sl 

sH 

Sii 

4i 

105 


isf 

27i 

4 ^ 1 % 

S 4 l 

4. 

108 

7 i 

i 4 i 

28-3% 

43I 

57i 


To simplify reading of the above, the horse-power figures are 
approximate, but correct within one-sixteenth. 


Table of Piston-Ring Data 

The accompanying table, while not official, is complied with to a 
great extent in the machinery division of the United States navy 
yard, Boston, Mass. The sizes run very close to the average make 
of rings found in the commercial and naval engines of small cylinder 

■•bore.,';' . ■ 

This table is adaptable to ordinary snap rings that are to be 
rough-turned and bored, cut and drawn together, and finished to 
the diameter of the cylinder. 
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Table 2.— Piston-Ring Data 



TMs covers general requirements on gasoline and steam engines. 

HORSE-POWER RATINGS FOR FLAT LEATHER BELTS 

Prepared by Lloyd H. Skougor, research engineer under tbe 
auspices of the American Leather Belting Association, the following 
horse-power rating tables for oak-tanned flat leather belting is a 
correlation of carefully measured test and field data. The values 
given in Table 3 do not represent peak-load ratings but are based on 
proper tensions and factors of safety. When these values are cor- 
rected with the factors in Tables 4 and 5, a properly designed drive 
will result. It is to be realized that conditions exist which may not 
be covered by these tables and exceptions must be made in those 
instances. When belt speeds are above 6,000 feet per minute, these 
tables do not apply, and a leather belting manufacturer should be 
consulted. Gravity idler and pivoted motor drives with the tight 
side of the belt next to the pivot point are considered as having 
25 foot centers in determining a correction factor for center distance 
from Table 3. For pivot-base drives, where the tight side of the belt 
is away from the pivot point, do not use these taWes, but consult a 
leather beltinp: manufacturer. 

To Find Width of Belt Required.— Divide nameplate reading of 
the prime mover, or the nominal load, by values in Tables 3, 4, and 
5. Width of belt — nominal load 4- (value from Table 3 X cor- 
rection factor from Table 4 X product of all correction factors 
selected from Table 5). 
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Table 3. —House-Power per Inch of Width 


Belt tSpeed, 
Feet 

per Minute 


Belts 
under 
8 inches 
wide 


a g Belts 
'S g 8 inches 
a-i and 


Single Ply 

Double Ply 

Triple Ply 


M 

II 

II 

n 

II 

m 

Medium 

Heavy 

Light 

Medium 

Heavy 

Medium 

Heavy 

1. 1 

1.2 

i,S 

1.8 

2.2 

2 .S 

2.8 

1.4 

1.7 

2.0 

2.4 

2.9 

3.3 

3.6 

1.8 

2.1 

2.6 

3.1 

3.6 

4.1 

4.5 

2. 1 

2.5 

3,1 

3.7 

4.3 

4.9 

5-4 

2 .S 

2.9 

35 

4-3 

4-9 

5.7 

6.3 

2.8 

3.3 

4.0 

4-9 

5.6 

6.5 

7.1 

3.2 

3.7 

4.5 

S .4 

6.2 

7.3 

8,0 

35 

4.1 

4.9 

6.0 

6.9 

8. 1 

8.9 

3.9 

4-5 

5.4 

6.6 

7.6 

8.8 

9.7 

4.2 

4.9 


7.1 

8.2 

9. 5 

10.4 

4-5 

5-3 

6.3 

7.7 

8.9 

10.3 

II. 0 

4-9 

S.6 

6.8 

8.2 

95 

II. 0 

12. 1 

S.2 

I- 

7.2 

8.7 

10. 0 

II. 6 

12.8 

5-4 

6.3 . 

7.6 

9.2 

10.6 

12.3 

13. 5 

5.7 

6.6 

7.9 

9.7 

II. 2 

12 9 

14.2 

59 

6.9 

8.3 

10. 1 

11.7 

13.4 

14.8 

6 . 2 

7.1 

8.7 

10. s 

12.2 

14. 0 

15.4 

6.4 

7.4 

9.0 

10.9 

12.6 

14. S 

16.0 

6.7 

7.7 

9.3 

II. 3 

13.0 

IS.O 

16. S 

6.9 

7.9 

9.6 

II . 7 

13.4 

IS. 4 

16.9 

7. 1 

8.1 

9.8 

12.0 

13.8 

15.8 

17.4 

7.2 


10. 1 

12,3 

14. 1 

16. 2 

17.8 

7.4 

8.4 

10.3 

12.5 

14.3 

16. s 

18.2 

7.5 

8.6 

10. s 

12.8 

14.6 

16.8 

18.5 

7.6 

8.7 

10.6 

12.9 

14.8 

17. 1 

18.8 

7.7 

8.8 

10.8 

13. I 

IS-O 

17.3 

19.0 

7.7 

8.9 

10.9 

13.2 

IS. I 

17. s 

19.2 

7.8 

8.9 

10.9 

13.2 

IS . 2 

17.6 

19.3 

3 

5 

6 

8 

12 

■ 

20 

24 

5 

7 

8 

* 

10 

14 

24 

30 


These are the minimum allowable pulleys for the above 
tluckness belts. 
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To Find Horse-Power Hating of a Belt—Multiply belt width by 
values in Tables 3, 4, and 5. Horse-power rating = width of belt, 
in inehes, X horse-power transmission capacity per inch of width 
from Table 3 X correction factor from Table 4 X product of all 
correction factors selected from Table 5. 


Table 5.— -Service Correction Factors 


Atmospheric condition 

Clean, scheduled maintenance 1.2 

Normal I.o 

Oily, wet or dusty 0.7 

Angle of center line 

Horizontal to 60 deg. from horizontal i . 0 

From 60 to 75 deg. from horizontal 0,9 

From 75 to 90 deg, from horizontal 0. 8 

Pulley material 

Fibre on motor and small pulleys 1,2 

Cast iron or steel i .o 

Service 

Temporary or intermittent 1.2 

Normal 1.0 

Important or continuous 0.8 

Peak loads 

■ 1 

Light, steady load such as: steam engines, 
steam turbines, Diesel engines, and multi- 
cylinder gasoline engines I.o 

Jerky loads, reciprocating machines such as: 
normal starting torque squirrel-cage 
motors, shunt wound D. C. motors, and 
single cylinder gasoline engines 0.8 

Shock and reversing loads, full voltage start 
• such as: wound rotor (slip ring) motors, 
synchronous motors 0.6 


Table 6. — Thickness Specieications for Flat Leather Belting 

(Approved and adopted by American Leather Belting Association) 


Medium, single ply, 
in. average 
Heavy,, single ply, Ji 
in, average 


Light, double ply, 
m. average 

Medium, double ply, 
12 inch average 
Heavy, double ply, || 
inch average 


^Medium, triple ply, 
i §2 inch average 
I ’i'Heavy, triple ply, 

I inch average 


‘‘ All thicknesses in this table are average thickness 
in inches, and should be determined by measuring 
20 coils and dividing this total by the number of coils 
measured. In rolls of belting containing less than 
20 coils, the average thickness should be determined 
by measuring all the coils in the roll.^ Allowable 
tolerances for all thicknesses plus or minus ^thin. 
from above averages.” 


Uniformity: No point in single belting shall be 
more than ^ inch thicker or more than ^ inch 
thinner than the average thickness. With doubles, 
the tolerances shall be ^ inch thicker or thinner 
than the average. 


* Triple ply: These are averages for general usage. ^ Most triple ply belts 
are usually constructed for particular drive conditions. Tolerances for 
Single and Double Ply Belts do not ply. 


I 
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Minimtim 
Recom- 
mended 
Diameter 
of Small 
Sheave, 
Inches 


Horse-power Horse-powe: 
at 1,000 at 4,000 
P.P.M. Belt F.P.M.Bell 
Velocity Velocity 


i by 

rep 

li by f 
by I 


i to s 
2 to 25 
IS to 100 
so to 250 
100 to 350 


Size of Texrope, 
Inches 


^ Texrope Drive 

The Texrope drive was originated and developed by Allis- 
Chalmers Manufacturing Gompany and consists of a driving and 
driven sheave, grooved for a multiplicity of belts of trapezoidal cross 
section, for transmitting power with a reduction in speed from i:i 
up to 7:1 ratio. Power is transmitted by the wedging contact 
between the Texrope belts and the V-shaped grooves. 

Five different cross-section sizes are made endless for various 
lengths to accommodate various center distances and a range of 
horse-power capacities as follows: 

Table 7. — Data for Texrope Drive 


Data of table copyrighted 1926, 1928, by Allis-Chalmers Manufacturing 
Company. 

Sheaves somewhat larger than the minimum given are recom- 
mended. ^ This drive will run in either direction and with the slack 
side on either top or bottom, or in a horizontal or vertical position. 
It requires no lubrication and gives a flexible drive. 

BELT FASTENINGS 

The best fastening for a belt is the cement splice. It is far 
beyond any form of lacing, belt hooks, riveting or any other 
method of joining together the ends of a belt. The cement joint is 
easily applied to leather and to rubber belts, but to make a good 
cement splice in a canvas belt requires more time and apparatus 
than are usually at hand. Good glue makes a fine cement for leather 
belts, and fish glue is less affected by moisture than the other. 
Many of the liquid glues are fish glue treated with acid so as not 
to gelatinize when ^ cold. A little bichromate of potash added to 
ordinary hot glue just before it is. used will render it insoluble in 
water. Both lap and wedge joints are used. 

BeltHooks 

There are many styles of belt hooks in use, some of the more 
common kinds being shown in Figs, i, 2, 3, and 4. Figure 2 is prac- 
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tically a double rivet. Figure 3 is a malleable iron fastening, 
althougb similar hooks have been made of pressed steel. Figure 4 
is the Blake stud, which has the advantage of not weakening the belt 
but makes a hump on the outside where the ends turn up. Figure 5 
is the Bristol hook of stamped steel which is driven in and the points 



Fig. 7 Fig. 8 Fig. 9 Fig. 10 

Figs'. I to 10.— -Belt Hooks and Lacings 


turned over on the other side. Figure 6 is the Jackson belt lacing 
and is applied by a hand machine which screws a spiral wire across 
the ends of a belt. These are then flattened, and a rawhide pin or a 
heavy soft cord used as a hinge joint between them. These joints 
are probably equal to 90 per cent of the belt strength. 

Lacing Belts 

Belts fastened by lacing are weakened according to the amount 
of material punched out in making the holes to receive the lacing. 
It is preferable to lace with a small lacing put many times through 
small holes. Such a joint is stronger than a few pieces of wide lacing 
through a number of large holes. Figures 7 and 9 illustrate two 
forms of belt lacing, the latter being far preferable to the other. 
The lacing shown by Fig. 7 is in a double leather belt $ inches wide. 
The width makes no difference as the strength is figured in percent- 
age of the total width. There are four holes in this piece of belt, 
each hole | inch in diameter. The aggregate width thus cut out 
of the belt is 4 X f inch — -y- “ inches. Then 1.5 - 5 - $ = 0.30, 
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or 30 per cent of the belt has been cut away— nearly one-third nf 
the total strength. Figure 8 is the other side of Fig. 7. ^ 

In Fig. 9 a different method is followed. Instead of there being a 
few large holes, there are more smaller ones — one-fourth more in 
fact. There are five holes, each inch in diameter, making a 
total of inch or 0.9375 X 5 == i8i per cent, leaving 8 li ner 
cent of the total belt strength against 70 per cent in the belt with 
large holes. A first-class double leather belt will tear in two under 
a strain of about 500 pounds to each lace hole, the strain being 
applied in the holes by means of lacings. * 

The belt shown by Fig. 9 has 8ii per cent of 1.875 square inches 
of section or 1.525 square inches left after cutting out the five holes 
This amount is good for 3,000 X 1.87s = S>62S pounds breaking 
strain, and as the lacing will tear out under 2,500 pounds, it will be 
seen that we cannot afford to use lacings if the full power of the 
leather is to be utilized. This, under a factor of safety of 5, would 
be 1,125 pounds to the square inch, or 1,125 X 1.525 = i 71^ 
pounds worMng strain for the belt or 1,715 •- 5 == 343.5 pounds to 
each lace. This, too, is too much, as it is less than a factor of safety 
of' 2., ■ , ■ ,, ^ 

The belt to carry 40 pounds working tension to the inch of width 
must also carry about 40' pounds standing tension, making a strain 
of 80 pounds to the inch, or 80 X S = 400 pounds. This is a better 
showing, and gives a factor of safety of 2,500 -r- 400 = 6i. Still 
we are wasting a belt of 5,625 pounds ultimate strength in order to 
get from it 400 pounds working strain. This means a factor of 
safety of over 14 in the body of the belt but of only 6i at the lacing 
which shows the advantage of a cement splice. 

Figure 10 shows a method sometimes used to relieve the lace holes 
of some of the strain. Double rows of holes are punched, as at a 
and hi and the lacing distributed among them. As far as helping the 
strength of the belt is concerned, this does nothing, for all the stress 
put upon the belt by the lacing at c must be carried by the belt sec- 
tion at a'i therefore, this way of punching holes does not increase the 
section strength. Neither does staggering the holes as shown at d 
and e. The form of hole-punching shown at a, and c is desirable 
for another reason. It distributes the lacing very nicely and does 
not make such a lump to thump when it passes over the pulleys. 

ALIGNING SHAFTING BY A STEEL WIRE 

A steel wire is often used for aligning shafting by stretching it 
parallel with the direction of the shaft and measuring from the shaft 
to the wire in a horizontal direction. This steel wire can also be 
used for leveling or aligning in a direction at right angles to the 
other, _ by making vertical measurements, if it is stretched under 
established conditions, and if the sags at the points of measurement 
are known. The accompanying table gives the sags in inches from a 
truly level line passing through the points of support of the wire, 
at successive points beginning 10 feet from the reel and spaced 10 
feet apart for a No. 17 Birmingham gage, high-grade piano wire, 
stretched with a weight of 60 pounds, wound on a reel of a •miniminn 
diameter of 3^ inches, and, for total distances between the reel and 
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? point of support of the wire, varying by increments of lo feet from 

5 40 to 280 feet. Thus a wire of any convenient length, of the kind 

6 indicated can be selected, so long as this length is a multiple of 10 

; feet and between the limits specified. The table gives the sags 

\ from a truly level line at points 10 feet apart for its entire length 

[ when it is stretched under the conditions designated. These sags 

^ being known, direct measurements can be made to level or align 

a shaft by vertical measurements. 

Table 8.— Sags oe a Steel Aligning Wire eor Shafting 



978 HORSE-POWER, BELTS, AND SHAFTING 


even on 4-inch shafts, and 600 to 700 revolutions per minute on 
2-inch shafts for high-speed machinery. ° 


Table 9.- — Horse-Powee. or Steel Shaeting 
FOR Line-Shapt Service 


Is 




3 

devolutions per Minute 

*S ■ 

II 

100 

12s 

ISO 

175 

200 

225 

250 

300 

350 

400 



2.4 

3.1 

3-7 

4.3 

4.9 

S-S 

6.1 

7.3 

8.5 

9-7 


lA 


S -3 

6.4 

7.4 

8.5 

9-5 

10,5 

12.7 

14.8 

16.9 

6.8* 

ill 

6.7 

8.4 

10.1 

11.7 

13.4 

IS-i 

16.7 

20.1 

23.4 

26.8 

7.2* 


10.0 

12-5 

15.0 

17.S 

20.0 

22.5 

25.0 

30.0 

35.0 

40.0 

8.2* 


14.3 

17.8 

21.4 

24.9 

28.5 

32.1 

35.6 

42.7 

49.8 

57.0 

8.9* 


I 9 -S 

24.4 

29.3 

34.1 

39-0 

44.1 

48.7 

58.5 

68.2 

78.0 

9.6* 


26.0 

32-S 

39-0 

43.S 

52.0 

58.5 

65.0 

78.0 

87.0 

104.0 

10.2* 

ail 

33-8 

42.2 

S0.6 

59.1 

67.5 

75-9 

84.4 

101.3 

118.2 

135.0 

10.8" 

3 A 

43-0 

53-6 

64-4 

75-1 

85.8 

96.6 

107.3 

128.7 

150.3 

171,6 

11.4* 

3 A 

53-6 

67.0 

79-4 

93-8 

107.2 

120.1 

134.0 

158.8 

187.6 

214.4 

12.0* 

3 li 

< 55-9 

82.4 

97-9 

115.4 

121.8 

148.3 

164.8 

195.7 

230.7 

243.6 

12.5* 

3 il 

80.0 

100.0 

120.0 

140.0 

160.0 

180.0 

200.0 

240.0 

280.0 

320.0 


4 A 

II3.9 

142.4 

170.8 

199.3 

227.8 

256.2 

284.7 

341.7 

398.6 

455.6 

: ***' 

4 il 

156.3 

195-3 

234-4 

273.4 

312.5 

351-5 

390.6 

468.7 

546.8 

625.0 



207.9 

260.0 

311.9 

363.9 

41S-9 

459.9 

520.0 

623.9 

727.9 

830.0 


0 

270.0 

337.5 

40S-0 

472.5 

540.0 

607.5 

675.0 

810.0 

94 S.O 

1080.0 


<51 

343-3 

429.0 

S14.9 

600.7 

686.5 

772.4 

858.0 

1029.0 

1201.0 

1372.0 


7 

428.8 

535-9 

643.1 

750.3 

847-5 

964.7 

1071.9 

1286.0 

1500.0 

1695,0 


8 

640-0 

800.0 

1 

960.0 

1126.0 

1280,0 

1440.0 

1600.9 

1920.0 

2240.0 

2560.0 



This table is based on the formula 


80 

For heavier work use 

m = ^L>L3. 

100 

^ For head and jack shafts, supported by bearings close to main 
sheave or pulley so as to prevent transverse strain, the following 
formula may be used with safety: 



D^XR 

125 


where D = diameter of shaft in inches. 

R — number of revolutions per minute. 

™ horse-power. 

Deflection of shafting from weight of pulleys and pull of belting 
should not be allowed in excess of 0,001 inch per foot, as this action 
adds very rapidly to the power cost. If this deflection is at a clutch 
or sleeve or roller bearing, any of them may be ruined easily and 
quickly. It can be reduced by using more hangers- 


r 
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SPEEDS OF PULLEYS AND GEARS 

The fact that the circuinference of a pulley or gear is always 
3.1416 or 3^ times the diameter makes it easy to figure speeds by 
considering only the diameter of both driver and driven pulleys. 
Belting from one 6-inch pulley to another gives the same speed to 
both; but if the driving pulley is 16 inches and the driven pulley 
only 4 inches, it is clear that the small pulley will turn 4 times for 
every turn of the large pulley. If this is reversed and the small 
pulley is the driver, the large pulley will make only one turn for 
every four of the small pulley. The same rule applies to gears if 
the pitch diameter, and not the outside diameter, is taken. The fol- 
lowing rules have been arranged for convenience in finding any 
desired information about pulley or gear speeds. 


Having 


Diameter o! Driving Pulley 
Diameter of Driven Pulley 
Speed of Driving Pulley 


Diameter of Driving Pulley 
Speed of Driving Pulley 
Speed of Driven Pulley 


Diameter of Driving Pulley 
Diameter of Driven Pulley 
Speed of Driven Pulley 


Diameter of Driven Pulley 
Speed of Driven Pulley 
Speed of Driving Pulley 


To Find 


Speed of Driven Pulley 


Diameter of Driven Pulley 


Speed of Driving Pulley 


Diameter of Driving Pulley 


Rule 


Multiply Diameter of 
Driving Pulley by ite 
Sjjeed and divide by 
Diameter of Driven 
Pulley. 

Multiply Diameter of 
Driving Pulley by its 
Speed and Divide 
by Speed of Driven 
Pulley. 

Multiply Diameter of 
Driven Pulley by its 
Si^ed and Divide by 
Diameter of Driving 
Pulley. 

Multiply Diameter of 
Driven PuUqr by its 
Speed and Divide 
by Speed of Driving 
Pulley. 


The rales given above apply equally well to a number of pulley 
belts together or to a train of gears if all the driving and the 
driven pulley diameters and speeds are grouped together. 

TABLES OF CIRCUMFERENTIAL SPEEDS 

The tables on pages 980-983, which give circumferential speeds, 
can be used for obtaining gear and belt speeds and the speed of 
revolving parts of high-speed motors. 

For diameters greater than those given in the tables, the speeds 
can be obtained by adding together the speeds for two diameters 
whose sum equals that of the diameter for which we require the 
speed. For example, to find the speed at a 120-inch diameter and 
200 revolution per minute, the following calculation is readily made: 

Speed for loo-inch diameter — -5,236 feet. 

Speed for ao-inch diameter — 1,047 feet. 

Speed for I ao-inch diameter^— 6,283 feet. 



Diameter in Indies 
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Table lo.—CmcxJMEERENTiAL Seeeds in Feet per Minute 

{Seepage 979) 


Revolutions per Minute 



SO 

100 

ISO 

200 

250 

300 

350 

400 

450 

500 

SSO ■ 

X 

13 

26 

39 

52 

6s 

79 


los 

1x8 

131 

144 

2 

26 

$2 


105 

131 

157 

183 

209 

236 

262 

all 

3 

39 

79 

I18 

157 

196 

236 

275 

3x4 

353 

393 

432 

4 


lOS 

157 

209 

262 

314 

367 

419 

471 

523 

576 

s 

65 

13X 

196 

262 

328 

393 

458 

Pi 

589 

654 

720 

6 

79 

IS 7 

236 

314 

393 

47 X 

SSO 

628 

707 

78s 

863 

1 

92 

183 

275 

367 

458 

SSO 

641 

733 

82s 

916 

1,008 

8 

105 

209 

314 

419 

524 

628 

733 

838 

942 

1,047 

1,152 

9 

1 18 

236 

353 

471 

589 

707 

825 

942 

x,o6o 

1,178 

1,296 

10 

131 

262 

393 

524 

955 


916 

1,047 

1,178 

1,309 

1,440 

11 

144 

288 

432 

579 

720 

864 

1008 

1,152 

1,296 

1,440 

1,584 

12 

157 

314 

471 

028 

78s 

943 

1X00 

1,257 

1,414 

1,571 

1,728 

13 

170 

340 

511 

681 

851 

1021 

1191 

1,361 

1,532 

1,701 

1,872 

M 

183 

397 

550 

733 

916 

1X00 

1283 

1,466 

1,649 

1,832 

2,016 

IS 

196 

393 

SSo 

785 

982 

1x78 

X 37 S 

1,571 

1,767 

1,963 

2,x6o 

16 

209 

419 

628 

838 

1047 

1257 

1466 

1,67s 

1,88s 

2,094 

2,304 


223 

445 

668 

890 

1113 

X 335 

1558 

1,780 

2,003 

2,225 

2,442 

18 

236 

471 

707 

943 

1178 

X414 

X649 

1, 88s 

2,121 

2,3s6 

2,592 

19 

249 

497 

746 

995 

1244 

1492 

174X 

1,990 

2,238 

2,487 

2,736 

20 

262 

524 


1047 

1309 

IS 7 X 

1833 

2,094 

2,356 

2,618 

2,880 

21 

275 

550 


HOP 

X 374 

1649 

1924 

2,199 

2,474 

2,749 

3,024 

22 

288 

576 

864 

1152 

1440 

1728 

20x6 

2,304 

2,592 

2,880 

3,168 

23 

301 

602 

903 

1204 

1505 

1806 

2107 

2,409 

2,710 

3,011 

3,312 

24 

314 

628 

943 

1257 

IS 7 X 

188s 

2199 

2,513 

2,827 

3,142 

3,456 

25 

327 

6SS 

982 

1309 

1636 

X963 

229X 

2,6x8 

2,945 

3,273 

3,600 

26 

340 

681 

1021 

1361 

1702 

2042 

2382 

2,723 

3,063 

3,403 

3,744 

27 

353 

707 

1060 

1414 

1767 

2X21’ 

2474 

2,827 

3,181 

3,534 

3,888 

28 

367 

733 

I ICO 

1466 

1837 

2199 

2566 

2,932 

3,299 

3,66 s 

4,032 

29 

380 

759 

1139 

15x8 

1898 

2278 

2657 

3,037 

3,417 

3,796 

4,176 

30 

393 


1178 

1571 

1964 

2356 

2749 

3,142 

3,534 

3,927 

4,320 

31 

406 

812 

X217 

1623 

2029 

2435 

2840 

3,246 

3,652 

4,058 

4,464 

32 

419 

838 

1257 

1676 

2094 

25x3 

2932 

3,351 

3,770 

4,189 

4,608 

33 

432 

864 

1296 

1728 

2160 

2592 

3024 

3,456 

3,888 

4,320 

4,752 

34 

445 

890 

1335 

1780 

222s 

2670 

3115 

3,560 

4,006 

4,451 

4,896 

H 

458 

916 

1375 


2291 

2749 

3206 

3 , 66 s 

4,123 

4,581 

5,040 

36 

471 

943 

1414 

188s 

23 S <5 

2827 

3299 

3,770 

4,241 

4,712 

5,184 

37 

484 

969 

1453 

X937 

2422 

2906 

3390 

3,875 

4,359 

4,843 

5,328 

38 

497 

995 

1492 

1990 

2487 

298s 

3482 

3,979 

4,477 

4,974 

5,472 

39 

SIX 

I02X 

1532 

2042 

^|S 3 

3063 

3 SW 

4,084 

4,595 

5,105 

5 , 6 x 6 

40 

524 

1047 

IS 7 I 

2094 

2618 

3X42 

366s 

4,189 

4,712 

5,236 

5,760 

41 

537 

1073 

1610 

2147 

2683 

3220 

3757 

4,294 

4,831 

5,367 

5,904 

42 

550 

1 100 

1649 

2199 

2749 

3299 

3848 

4,398 

4,948 

5,498 

6,048 

43 

563 

1126 

16S9 

2251 

2 ?J 4 

3377 

3940 

4,503 

5, 066 

5,629 

6,192 

44 

576 

IIS2 

1728 

2304 

2880 

3456 

4032, 

4,608 

5,184 

5,760 

6,336 

4 S 

589 

1178 

1767 

2356 

2945 

3534 

4x23 

4,712 

5,301 

5,891 

6,480 

46 

602 

1204 

1806 

2408 

3011 

36x3 

4215 

4,817 

5,419 

6,021 

6,623 


61S 

1231 

1846 

2461 

3076 

3692 

4307 

4,922 

5,537 

6,152 

6,768 

48 

628 

1257 

1885 

25x3 

3x42 

3770 

4398 

5,027 

5 , 655 

6,283 

6,912 

49 

641 

1283 

1924 

2566 

3207 

3849 

4490 

5,131 

5,773 

6,414 

7,056 

50 

655 

1309 

1963 

2618 

3273 

3927 

4581 

5,236 

5,891 

6,545 

7,200 


Diameter in Inches 
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Table lo.—CiRcuMFERENTiAL Speeds in Feet pee Minute.— 
Continued 
(See page 979) 

I Revolutions per Minute 



SO 

100 

ISO 

200 

250 

300 

350 

400 

450 

500 

550 

SI 

668 

1335 

2003 

2670 

3338 

4006 

4673 

5,341 

6,008 

6.676 

7,343 

S2 

681 

1361 

2042 

2723 

3403 

4084 

4764 

5,445 

6,126 

6,807 

7,487 

S 3 

694 

1388 

2081 

2775 

3469 

4163 

4856 

5,550 

6,244 

6,938 

7,631 

54 

707 

1414 

2121 

2827 

3534 

4241 

4948 

5,655 

6,362 

7,069 

7,775 

55 

720 

1440 

2160 

2880 

3600 

4320 

5040 

5 ’ 76 o 

6,480 

7,199 

7,919 

56 

733 

1466 

2199 

2932 

3665 

4398 

S131 

5,864 

6,597 

7,330 

8,063 

57 

746 

1492 

2238 

298s 

3731 

4477 

5223 

5,969 

6.715 

7,461 

8,207 

ss 

759 

IS18 

2278 

3037 

3796 

4555 

5314 

6,074 

6,833 

7,592 

8,351 

59 

772 

X 54 S 

2317 

3089 

3862 

4634 

5406 

6,178 

6.951 

7,723 

8,495 

60 

78s 

1571 

2356 

3142 

3927 

4712 

5498 

6,283 

7,069 

7,854 

8,639 

61 

799 

1597 

2395 

3194 

3992 

4791 

5589 

6,388 

7,186 

7,98s 

8,783 

62 

812 

1623 

2435 

3246 

4058 

4870 

5681 

6,493 

7,304 

8,116 

8,927 

63 

82s 

1649 

2474 

3299 

4123 

494S 

5773 

6,597 

7,422 

8,247 

9,071 

64 

838 

1676 

2513 

3351 

4189 

S027 

5864 

6,702 

7,540 


9,21s 

OS 

8si 

1702 

2552 

3403 

4254 

5105 

5956 

6,807 

7,658 

8,508 

9,359 

66 

864 

1728 

2592 

3456 

4320 

5184 

6048 

6,9x2 

7,775 

8,640 

9,503 

67 

877 

1754 

2631 

3508 

438s 

5262 

6139 

7,016 

7.893 

8,770 

9,647 

68 

890 

1780 

2670 

35^30 

4451 

5341 

6231 

7,121 

8,011 

8,901 

9,791 

6g 

903 

1806 

2710 

3613 

4516 

5419 

6322 

7,226 

8,129 

9,032 

9,935 

70 

916 

1833 

2749 

366s 

4581 

5498 

6414 

7,330 

8,247 

9,163 

10,079 

71 

929 

1859 

2788 

3718 

4647 

5576 

6506 

7,435 

8,36s 

9,294 

10,223 

72 

943 

188S 

2827 

3770 

4712 

5655 


7,540 

8,482 

9,42s 

10,367 

73 

956 

igii 

2867 

3822 

4778 

5733 

6689 

7,644 

8,600 

9,556 

10,511 

74 

969 

X937 

2906 

387s 

4843 

5812 

6781 

7,749 

8,718 

9,687 

10,655 

75 

982 

1964 

2945 

3927 

4909 

5890 

6872 

7,854 

8.836 

9,818 

10,796 

76 

995 

1990 

298s 

1 3979 

4974 


6964 

7,959 

8,954 

9,948 

10,943 

77 

1008 

2016 

3024 

4032 

5040 

6048 

7056 

8,063 

9,072 

10,079 

11,087 

78 

1021 

2042 

3063 

4084 

5105 

6126 

7147 

8,i68 

9,189 

10,210 

11,231 

I® 

1034 

2068 

3102 

4136 

S171 

6205 

7239 

8,273 

9,307 

10,341 

11,375 

80 

1047 

2094 

3142 

4189 

5236 

6283 

7330 

8,378 

9,42s 

10,472 

11,519 

81 

1060 

2121 

3181 

4241 

5301 

6362 

7422 

8,482 

9,543 

10,603 

11,663 

82 

1073 

2147 

3220 

4294 

5367 

6440 

7514 

8,587 

9,660 

10,734 

11,807 

: 83 

1087 

2173 

3259 

4340 

5432 

6519 

7605 

8,692 

9,778 

10,86s 

11,951 

84 

1100 

2199 

3299 

4398 

5498 

6597 

7697 

8,797 

9,896 

10,996 

12,099 

i 8s 

III3 

2225 

3338 

4451 

5563 

6676 

7789 

8,901 

10,014 

11,127 

12,23s 

86 

1126 

2251 

3377 

4503 

5629 

6754 

7880 

9,006 

10,132 

11,257 

12,383 

87 

1139 

2278 

3417 

4555 

5694 

6833 

7972 

9,111 

10,249 

11,388 

12,527 

88 

1152 

2304 

3456 

4607 

5760 

6912 

8063 

9,215 

10,367 

11,519 


i 89 : 

II6I 

2330 

3495 

4660 

5825 

6990 

81SS 

9,320 

10,485 

11,650 


i,: 9 o,: 

1178 

2356 

3534 

4712 

5891 

7069 

8247 

9,42s 

10,603 

11,780 



1191 

,/2382 

3574 

476s 

5956 

7147 

8338 

9,530 

10,721 

11,912 


92 

1204 

2408 

3613 

4817 

6021 

7226 

S430 

9,634 

10,839 

12,043 1 


93 

1217 

2435 

3652 

4870 

6087 

7304 

8522 

9,739 

10,956 

12,174 


94 

1231 

2461 

3692 

4922 

6152 

7383 

8613 

9,844 

11,074 

12,305 


95 

1244 

2487 

3731 

4974 

6217 

7461 

8704 

9,948 

11,19a 

12,436 


96 

I 2 S 7 

2513 

3770 

5027 

6283 

7540 

8796 

10,053 

11,310 

12,566 


97 

1270 

2539 

3809 

3079 

6349 

7618 

8888 

10,158 

11,428 



98 

1283 

2566 

3849 

SI31 

6414 

7697 

8980 

10,263 

11,545 



99 

1296 

2592 

3888 

5183 

6480 

7775 

9071 

10,367 

11,663 



100 

1309 

2618 

3927 

5236 

6545 

7854 

9183 

10,472 

11,781 
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To interpolate, we ean use the values given for speed for i- to 
lo-inch diameters, dividing them by 10, 100, i, goo, etc., to obtain 
speeds for tenths, hundredths, thousandths, etc. For, instance, if 
the speed for 550 revolutions per minute and 46.r86-inch diameter 
is required, we proceed as follows: 

For 46 in. diameter. .speed == 6,623 ft. 

For o.i in. diameter =» /b of i-in. diameter speed « 14.4 ft. 

For 0.08 in. diameter = th of 8-in. diameter speed = 1 1.5 ft. 

For 0 . 006 in. diameter => of 6-in. diameter speed ;=■ 0.9 ft. 

For 46.186 in. diameter • • .speed = 6,650 ft. 

SELECTING MOTORS FOR MACHINE TOOLS 
Alternating-Current Motors 

Squirrel-Cage Motors. — These are, in general, similar to shunt- 
wound direct-current motors, except that no speed regulation is 
possible. The applications for which they are suitable are the 
same. These motors have starting torques approximately 150 to 
175 per cent of full load with full voltage applied. 

The design of modern squirrel-cage motors is such that full- 
voltage starting is satisfactory without injury; and the only limita- 
tion to starting on full voltage is the starting-current limit of the 
power companies. Above 5 horse-power the starting currents are 
such that most power companies require reduced- voltage starters. 
The use of such starters necessarily reduces the starting torque, 
since this torque varies as the square of the applied voltage. For 
instance, using the 80 per cent tap of a compensator gives only 
64 per cent of the starting torque at full voltage. 

Squirrel-Cage, High-Reactance Motors. — ^These motors are 
available in two forms— high starting torque and normal starting 
torque— both having starting currents within the usual power 
company limits. Because of this feature, they can be used with 
across-the-line starters, rather than reduced-voltage starters, above 
5 horse-power, with a consequent saving in both space and cost. 

Motors with high starting torque have a starting torque 
approximately 250 per cent of full load with full voltage applied. 
The slip at full load is practically the same as for the standard 
squirrel-cage motor. They are, therefore, not suitable for punch 

E resses and flywheel machinery unless the machine operates at a 
Lrge number of work strokes per minute. 

Usually the starting torque is higher than is necessary for a 
machine tool, which, as a rule, starts light. There may be some 
instances requiring heavy starting torque (such as conveyors or 
line shafting) for which these motors are admirably adapted. 

Motors with normal starting torque have a starting torque at 
full voltage approximately equivalent to a standard squirrel-cage 
motor when used on the 80 per cent compensator tap. Likewise, 
as stated above, the starting currents are low. ^ Consequently, 
this t3rpe of motor is suitable for use on the majority of machine- 
tool applications. 

Squirrel-Cage, High-Resistance-Rotor Motors. — Where heavy 
starting duty is required, or heavy loads of short duration are 
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as in flywheel presses, squirrel-cage mo tors with highT 
resistance rotors are recommended. 

These motors have a higher slip than standard motors, which 
means that full-load speed will be lo to 12 per cent below synchro- 
nous speed, instead of 4 or 5 per cent as obtained on standard motors. 
When such motors are used with flywheel machines, the increased 
slip allows the flywheel to deliver a greater amount of energy 
before the motor is carrying full load. The use of these motors 
on such machines is limited to where the work strokes are less 
than 25 per minute. This is evident from the fact that with more 
strokes than this the time interval between strokes is insufficient 
to allow the motor to restore the necessary energy to the flywheel. 

Wound-Rotor Motors. — Alternating-current motors with exter- 
nal secondary resistance are used in a manner similar to compound- 
wound, direct-current motors. They are used where some speed 
regulation is necessary and, under these conditions, correspond to 
adjustable varying speed (armature-control) direct-current motors 
since the current consumed in the resistance to reduce the speed is 
wasted. These motors are not recommended for speed reductions 
of more than 50 per cent as their operation is unstable below that. 
The speed also changes with each change in load. Because of this 
characteristic, these motors are not suitable for speed control on 
machine tools since the load varies over a wide range. By inserting 
a permanent resistance in the secondary, these motors can be used 
on large presses, etc., and will operate in a manner similar to high- 
resistance-rotor motors. The use of the external resistor reduces 
the heating of the motor, since the heat is generated in the resistor 
away from the motor. With the squirrel-cage motor, the heat 
is all in the motor itself. < 

Variable and Multi-Speed Motors. — ^It is difficult to obtain as 
wide a speed range with alternating-current motors as with direct 
current. The nearest approach to this is the commutator- t}^e 
brush-shifting motor which gives a speed range of 3 : i by shifting 
brushes. These motors are rated on a constant-torque basis and 
are not particularly suitable for machine-tool applications, princi- 
pally because they must be rated at basic speed, which results in a 
large and expensive niachine. Their characteristics are similar 
to a shunt motor in that the speed, when set, remains practically 
the same for all loads. 

Squirrel-cage motors can be so designed by bringing out extra 
leads that two, three, or four speeds can be obtained by regrouping 
the connections. Such motors can be used on tools requiring 
several speeds provided the motor speeds, with or without a gear 
box, will be sufficient for the service. Where only two-phase 
service is available, standard three-phase multi-speed motors and 
autotransformers are recommended. Where the two phases are 
symmetrically interconnected, autotransformers cannot be used, 
and transformers having separate primary and secondary are 
necessary. 


Direct-Current Motors 

Shunt-Wound Motors. — These are applicable for drives 
demanding constant load and where fairly close speed regulation is 
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required. They should also be used where adjustable-speed motors 
are necessary. In general, they should be used on all machine 
tools which remove metal by means of a cutting tool or abrasive. 
They are also applicable to punch presses and flywheel loads where 
the actual work strokes are 25 per minute or more. Under these 
conditions the flywheel cannot slow down and then store up enough 
energy between strokes, and the motor must carry the load. 
Rotary shears should also be supplied with shunt motors, 

Compound-Wound Motors.— These motors should not be used 
for adjustable-speed service but are suitable for adjustable varying 
and so-called “constant” speeds. They are applicable to drives 
demanding high torque peaks, or comparatively high slip, which 
includes machines which form or bend metal, such as bending rolls, 
shears (except rotary), presses where the actual work strokes are 
less than 25 per minute, etc. These motors are also.used where 
heavy starting duty is required, as for instance, cross rail and tool 

traverse. . . , , 

Series-Wound Motors.— This type of motor is used where high 
torque or high slip is demanded and where high speed at light load 
is not objectionable. Such motors should always be positively 
connected to their loads. . 

Adjustable Varying-Speed Motors.— These are motors in which 
speed regulation is obtained by inserting resistance in series with the 
armature circuit. Under these conditions the speed reduction at 
any load depends upon the torque requirements of the motor at that 
particular load, and the speed may vary over a considerable range 
for any setting. This is a wasteful method, in that energy must be 
absorbed in the external resistor. However, such applications as 

bending rolls require this arrangement. 

Another method of speed regulation is by means of “adjustable- 
speed” motors. In these motors the speed change is obtained by 
varying the motor field current. This method is more economical 
than the former and has the further advantage that much wider 
speed range may be obtained. Furthermore, the speed remains 
practically constant at any given setting regardless of the load. 

Where a very wide speed range is necessary, a combination of 
both armature and field regulation may be used, but for all speeds 
below the basic speed the motor is in the adjustable varying-speed 
class, and the load determines the speed obtained. 

Variable-voltage direct-current motor drive offers the most 
satisfactory means of securing extra-wide speed range operation 
without the disadvantages of combined armature and field regula- 
tion. Current is supplied to the motor from a separately excited 
variable-voltage direct-current generator driven at constant speed, 
usually by an altematingrcurrent motor. Variation of field current 
adjusts the generator output voltage and, thereby, the speed 
of the direct-current motor, to the value desired. Additional range 
of speed is secured by variation of the motor field in the usual 
manner. Standard variable-voltage equipments with 30: i speed 
range are used extensively on planer drives; and this scheme is 
applicable to a variety of machines,^ where stable operation over an 
unusually wide speed range is required. 
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Gear motors provide a low output-speed drive unit wHch can be 
coupled irect to the input shaft of a machine, eliminating the use of 
belt drives or external gearing. The gear parts can be used with 
any standard type of motor unit, alternating or direct current, con- 
stant or variable speed. Use of 900, 1,200, or 1,800 revolutions per 
minute motors in combination with a wide range of gearing ratios, 
provides a full choice of output speeds to suit individual machine 
requirements. 

Guide to Type op Motor 


Character of Work 


Alternating 

Current 


Direct Current 


Shunt wound 


Shunt- wound, 
adjustable speed 


High slip to prevent excess High resistance Compound- wound, 
motor overloads on inter- or wound rotor^ 20 per cent series, 
mittent peak demands as 80 per cent shunt 

on flywheel machines® 


When work is fairly steady Squirrel cage 
and constant speed is re- 
quired with close speed 
relation and no excessive 
starting requirements 


Multi-speed, 
squirrel cage 




Ordinary starting duty with 
speed control. MT motor 
speed dependent on load, 
with 50 per cent maximum 
reduction 


Heavy torque for short 
periods and some speed 
control during light load 
such as bending rolls 


Heavy starting torque with 
close speed regulation 


Wound rotor or 
multi-speed 
squirrel cage 


Crane motor 


Squirrel cage, 
high starting 
torque 


Shunt- wound, 
adjustable speed 


Coiiqpound-wound, 
SO per cent shunt, 
SO per cent series, 
crane type 


Shunt- wound 


1 With permanent section of resistance in secondary. 

V^ Usually rated on s-ttiinute basis. 

s Where a machine is equipped with a flywheel for the purpose of producing 
energy during the work stroke, the motor slip should be sufficient to allow 
the flywheel to give up the maximum energy between cycles, and slow down- 
just enough to require about 150 per cent load on the motor at the end of the 
work stroke. In small machines of this type and where the actual work 
strokes are 25 per minute or more, a relatively low slip is needed, and stand- 
ard motors can be used (shunt direct current, squirrel cage alternating cur- 
rent).^ This is because there is not sufficient time, in a fast operating 
machine, to restore energy to the flywheel between work strokes. Obviously 
a very light flywheel should be used. 

♦ Built with special, low inertia armature for rapid reversal. 
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Motors for Machine Tools — ^Types and Sizes 

The tables on pages 987-1000 are submitted as an aid in selecting 
the proper motor. In general, machine tools used to remove metal 
by cutting tools or abrasives require motors with shunt character- 
istics, whereas those used to shape metal require the characteristics 
obtained in compound-wound motors. 

The information given as to the size of motor to be used with 
the different tools is based on average values. For very light or 
very heavy work these figures may be reduced or increased from 
the values given. The letters under each group of tools indicate 
the classes of motors suitable for the application and refer to the 
table on page 987. 

Guide to the Selection of Motors 


Type of Motor 


When the work is of a fairly steady nature. 

When a considerable range of speed adjust- 
ment is desired 

When fairly close speed regulation is 
required. 

When there are sudden calls of short dura- 
tion for heavy loads. 

When heavy starting duty is required. 

Where for these duties series motors could 
not be used on account of excessive light 


Shunt-wound motors. 


Compound-wound motors. 


When excessive starting torques are re- 
quired, but only when speed regulation 
is not important and only when light 
load speeds do not exceed point of safety. 

When constant speed is desired and when 
normal starting duty is suitable. 

Where heavy starting duty is needed or 
where high slip is necessary to prevent 
excess motor overloads or intermittent 
peak-load demands. 

When heavy starting duty is required and 
speed control is necessary. Maximum 
speed reduction practicable is 50 per cent. 
This is obtained by series resistor and 
speed is dependent on load. 

When direct current is not available. 

When three or four definite speeds, in con- 
junction with gear changes, will give 
desired speeds. ^Por machine-tool service 
two-phase multi-speed motors are not 
recommended. 


Squirrel-cage motors, 


Squirrel-cage motors, high- 
resistance rotors 


Multi-speed motors. 


Amount of Feed 
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Bidividtial Motor versus Group Drives 

Selection of power for machine drives should consider several 
points, such as first cost, cost of power, fiexibilitjr or possibility of 
moving machines, effect on light and cleanliness of shop, probable 
use of certain machines on overtime work, and general desirability. 

It is generally admitted that group driving costs less to install and 
to operate. In one metal stamping shop with i8o machines, the 
total installation cost of individual motors would have been 
I $48,730. Dividing the shop into 25 groups, and with 58 individual 

motors on large machines, the first cost was $27,589, according to 
the Power Transmission Council. . 

In spite of the cost difference, many shops consider the individual 
motor drive worth the extra cost on account of the difference in 

convenience, flexibility, dirt, light, and general app^rance. ■ 

There are some shops where group driving may be found more 
desirable than the use of individual motors in both first cost and 
maintenance, particularly where the machines are comparatively 
. small and run intermittently, as the cost of motors will be less. 

Friction load of 2|- to a-inch shafting, with bearings 8 to 10 feet 
and running at 150 to 200 revolutions per minute, is about i horse- 
power for every 30 feet of shafting. This includes the friction of 

countershafts of the machines driven by it. 

In group driving it is usually safe to select a motor having a rated 
capacity of from 25 to 30 per cent of the total power required 
for the machines in the group if this exceeds the maximum power 
needed by a single machine of the group. 

LEVELING MACHINE BEDS 

Leveling machine beds requires the use of a precision level. The 
ordinary level is not satisfactory. A is-inch Pratt and Whitney, 
or similar, level with a sensitivity of “ 10 seconds of arc ’* is recom- 
mended, These have graduations one-tenth inch apart which 
indicate 0.0005 inch deviation in i foot of length. 

An accurate parallel bar is also necessary. This is used cross- 
wise of the bed of the machine, the level being placed on this to 
check the bed in both directions. Nearly all machines are now 
provided with leveling plates that go between the bed and the 
foundation and permit adjustment at any time if the foundation 
has settled or the machine is out of alignment. 

Cutting Speed oe Wood-Working Tools 

Circular saw teeth 6,000 to 10,000 feet per minute. 

Band saw teeth, hand feed 4,000 feet per minute, up to 6 

inches wide. 

power feed 5, 000 to 8,000 feet per minute, 4 

to 8 inches wide. 

Planing and molding cutters. . . . 5,000 to 8,500 feet per minute. 
Shaping and carving cutters. . . . 6,000 revolutions per minute. 
High speed matcher heads, top 

and bottom • 3,000 revolutions per minute. 

Side heads 3,750 revolutions per minute. 

Round jointer heads 4,000 revolutions per minute. 

— 
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motors FOR MACHINE TOOLS 

Engine Lathes I Boring and Turning Mills 

Motor A or B Motor A or B 



Swing, 

Horse-power 

Inches 

Average 

Heavy 

12 

1 

'2 

2 

14 

2 

3 

16 

3 

S 

18 

5 , 

7i 

20 to 22 

7i 

10 

24 to 27 

10 


30 

IS 

20 

32 to 36 

20 

25 

38 to 42 

20 

25 

48 to 54 

25 "' 

30 


Axle Lathes 
Motor A or B 

Type o£ Lathe Horse-power 

13- inch center drive. . . . 25 

14- inch end drive. ..... 25 


Wheel Lathes 
Motor F 


Size, 

Inches 

Motor D 

Horse- 

power 

For Tail 
Stock, 
Horse- 
power 

48 

IS to 20 

5 

51 to 60 

1 15 to 20 

5 

79 to 84 

j 25 to 30 

. 5 

90 

j 30 to 50 

10 

100 

40 to So 

i 

10 


Size 

Horse-power 

Main 

Cross 

Rail 

36 to 44 inches 

to 10 


50 to S3 inches 

7I to 10 


60 inches 

15 

3 

72 inches 

15 to 20 

3 

84 inches 

15 to 20 

5 

96 inches 

20 to 25 

. 5 

10 feet 

20 to 30 

7 i 

12 feet 

25 to 40 

7 i 

14 feet 

30 to 40 

7 i 

16 feet 

40 to SO 

10 

20 to 25 feet 

50 

15 

30 feet 

SO to 60 

IS 


Horizontal Boring, Drilling 


AND Milling Machines 

Motor A or B 


Horse-power 

ize of Spindle, 

for Single 

Inches 

Spindle. 

2 

5 ; 

3I 

S to 7i 

42 

7 i to 10 

si 

10 to 15 


Cylinder Boring Machine 
Motor A or B 


. 1 

Diameter j 
of Spindle, 
Inches 

Maximum 
Boring 
Diameter, j 
Inches 

Hqrse- 

I>ower 

4 

20 

7i 

6 

30 

10 

8 

40 

15 
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RJECIPE.OCATING Table Planers 

Motor A, B or E^ 


Sharers 

Motor A or B 




Type of Duty, Horse-power 


Width 

Ordin- 

ary 

Light 

Heavy 

Gen- 

eral 

Pur- 

pose 

Light- 
ly Con- 
struct- 
ed ' ■ 
Plan- 
ers 
Aver- 
age 
Cuts 

Heavy 

Plan- 

ers, 

Heavy 

Cuts 

36 inches. 

10 

10 

IS 

48 inches , 

IS 

10 

20 

56 inches 

IS 

15 

20 

60 inches. 

20 

IS 

25 

72 inches. 

25 

20 

35 

84 inches . 

. 25 

25 

35 

96 inches. 

3S 

25 

50 

10 feet. . . 

35 

35 

75 

12 feet. . . 

SO 

SO 

75 

16 feet. ^ . 

7S 

SO 

100 


’■ For reversing motor only. 


Heavy Forge Planers 
Motor E 


Size, Feet 

Horse-power 

Platen 

Cross 

Rail 


H 

to 

H 

0 

60 

10 

14 by 12 1 

75 

10 


Rotary Planers 

Motor A or B 


Stroke, Inches Horse-powei 

12-16-18 2 to 5 

20 ^ 3 to 7§ 

24-28 5 to 10 


Crank Slotters 

Motor A 


Size, Inches 
6 
8 

10 to 12 


IS 

18 

20 to 24 
24 to 30 


Horse-power 
2 to 3 
3 

5 to 7| 

7i to 10 
H to 10 
10 to 15 
10 to 20 


Slotting and Keyseating 
Machine, 

Motor A or E 


Stroke, 

Inches 

Horse- 

power 

Stroke. 

Inches 

Horse- 

power 

6 to 8 

3 to S 

18 

7 ^ to 10 

10 


20 to 30 

10 to IS 

14 

S to 


10 to 15 


Plain Milling Machines 

Motor A or B 


Feed, Inches 


Table 


Cross 


Horse- 

power 


Diameter 
of Cutter, 
Inches 
24 to 26 
36 to 
48 to 


42 

54 


Horse-power 

5 

10 

15 


72 

84 

q 6 to 100 


22 

28 


8 

10 


3 to s 

5 


25 

30 

40 


34 

42 

$0 


12 7§ to 10 

14 10 to 15 
14 15 to 20 
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i 




I 


Universal Milling Machines 
Motor A or B 


Feed, Inches 




Horsepower 

Table 

Cross 

22 

8 

i| to S 

28 

10 

3 to S, 

34 

12 

5 to 7i 

42 "■ 

14 

10 to IS 


Vertical Milling Machines 


Motor A or B 

Height under 
Spindle, Inches 

Horse-power 

12 


14 

2 to 3 

18 

3to S 

20 

Sto 7i 

22 

10 to IS 

24 

20 

Horizontal Slab Millers 

Motor A or B 

Width between 
Housings, Inches 

Horse-power 

20 

10 to IS 

30 

20 to 40 

36 

40 to so 

48 

40 to 60 

72 

3° to 75 

90 

60 to 75 

Continuous Milling 

Machines 

Motor A or B 

Diameter Table, 


Inches 

Horse-power 

24 to 30 

7f 

36 to 48 

7 i 

10 to IS 


Cylindrical Grinding 
Machine — ^Landis 
Motor A or B 



Motor A 

Motor B 

Diam. of work 

6 

10 


inches 

inches 

Work drive. . , 

|H.P. 

I H.P. 

Pump drive. . . 

ifH.P. 

2 H.P. 

Spindle drive. 

SH.P. 

10-15 

H.P. 


Grinding Wheels, Eodble 
End 

Motor A 
Size of Wheel, 

Inches Horse-power 


8 by .1 i 

12 by 2 3 

i8 by 3 S to 7| 

24 by 4 7i to 10 

30 by 4 15 to 20 


Miscellaneous Grinders 
Motor A 

Type of Machine Horse-power 
Wet tool grinder. ..... 2 to 3 

Flexible swinging 
machine polish. ... 3 

Angle cock grinder. ... 3 

Piston rod grinder. ... 3 

Twist-drill grinder 2 

Automatic tool 
grinder. 3 to 5 

Buffing Lathes 
Motor A 

Size of Wheel, 

Inches Horse-power 

8 by I to 2 

10 I to 2 

14 3 to 5 
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Upright Drills 

Motor A or B 


Size, Inches 
12 to 22 
24 to 28 
36 to 40 


Horse-power 



Radial Drills 
Motor A or B 
Arm in Feet Horse-power 

2fto 3 3 

S to 10 

8 to 10 25 to 40 


Sensitbte Drills 

Motor A or B 

|-mch drill J horse-power 

f-inch drill J horse-power 


Gear Cutters 

Motor A or B 


Size, Inches 
24 by 6 
48 by 10 
60 by 12 
72 by 14 
64 by 20 


Horse-power 

2 

3 to 5 
S to 7i 
7^ to 10 
10 to 15 


Bolt and Nut Machines 
Motor A or B 


Size, 

Inches 

Horse-power 

Single 

Double 

Triple 

i to i 

I 

li 


i to I 

2 

3 

S 

i to ij 

2 

3 

5 

J to 2 

3 

S 

7| 

I to 2I 

3 

5 


T to 3 
ij to 4 

S 

7i 

10 



Pipe Threading and Cutting 
Oef Machines 
Motor A, B, or C 


Size Pipe, 
Inches 
ito 3 
I to 6 
2I to 8 

4 to 12 
8 to 18 
10 to 20 


Horse-power 

10 

IS 

20 

25 


Gold Cut-off Saws 
Motor A or B 


Diameter 
of Saw, 
Inches 

Horse-power 

20 

5 

26 

10 

32 

15 

3<5 

20 

42 

25 

48 

25 

$6 

30 

62 

30 

72 

40 

90 

50 


Bulldozers 

Motor C 


"Width, 

Inches 

Head 

Move- 

ment, 

Inches 

Horse- 

power 

29 

14 

■■■ 

34 

•: id. 

7 i 

39 

16 

10 

."45 

18 

IS 

63 

20''' 

20 
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. HaMKERS'' ; 

Motor C 

Size. Pound Horse-power 

IS to 75 i to 5 

loo to 200 5 to 7f 

Drop hammers require ap- 
proximately I horse-power for 
every loo-pounds weight of 
hammer. 


Hydrostatic Wheel Presses 

Motor A 


Size, Tons 
lOO 

200 to 300 

[ ' '■ ' ' 400 ' 

1 600 

f ■ ' : ' " 
t , ■ ' . 


Horse-power 
for Pump 


IS 

10 



Bending and Straightening 
Rolls 
Motor G 


1 

Width, i 
Feet 

Thick- 

ness, 

Inches 

Horse- 

power 

4 to 6 

ftoA 

5 

6 

f' 

IS 

10 

li to li 

40 to 50 

24 

I 

so 


Punches and Shears 

Motor C 


Punch 
Size of 
Hole, 
Inches 

Shear 
Size of 
Bar, 
Inches 

Horse- 

power 

fby i 

zfby i 

I 

fby f 

3 by 1 

2 to 3 

|by f 


3 to S 

I by 1 


s 

I by I 

6 by 1 


if by I 

8 byii 

10 to 15 

i \ by li 

9 byij 

IS 

2I by i| 

11 by i | 

20 

3 by 2 

10 by 2I 

25 


Motors Usually Employed 
FOR Cranes and Hoists 
Hoist 

Speed, 

Capacity, Feet per Horse* 


Tons 

Minute 

power 

S 

25 

15 


SO 

25 

10 

30 

25 


40 

40 

IS 

20 

25 

20 

15 

25 

25 

10 

25 


15 

40 

3<5 

14 

40 

S aux. 

SO 

25 

10 aux. 

25 

25 

50 

10 

40 

S aux. 

50 

25 

10 aux. 

25 

Bridge 

25 

Trolley 

Capacity, 

Span, Horse- 

Horse- 

Tons 

Feet 

power 

power 

5 

60 

20 

3 

10 

80 

25 

3 

15 

80 

25 

5 

20 

80 

25 

5 

25 

80 

25 

5 , 

30 . 

80 

40 

7 i 

35 

So 

40 

7|“io 
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POWER REQUIRED FOR PLANING-MILL 
EQUIPMENT ^ 

Band Saws. Ctjt-ofp Saws 

Max. 


im. Wheel, 

Width 

Horse- 

Diam. 

No. of : 

Horse- 

Inches 

of Saw 

power 

Saw 

Saws 

power 

30 


2 

■ 12-14 


3- 5 

34 

1 

2 

3 

16 

I 

5 - 7 i 

36-38 

A_t X, 

2 I2 

3 - 5 ^ 

16 

2 

7 i-io 

40-42 

J' T i 

2 I2 

4-7I 

30 

I 

10-15 


Circular Rip Saws 

Horse- 


Diam. 

Saw 

14 

16 

24 

36 


No. of 
Saws 
I 
I 
I 
I 


power 

k 

10 

15 


Size, No. 
Inches Heads 




SURPACERS 

Horse 
power 

30 X 6 1-2 15-20 1 

24 X 6 1-2 15-20 ( 

30 X 8 2 30 ( 

26 X 8 2 30 J 

24 X6 I S- 7i 1 

16 X 6 I 5- 7i 1 

24 X 8 I 10 f 

30 X 8 I 10 : J *1 

Planers, Matchers and 

Flooring Machines 

Size, Horse- 

Inches Heads power 

9X8 4-5 30 

19X8 4-5 30 

24 X 8 4-5 40 

Outside Moulders 


Capacity, 

Inches 

No. 

Heads 

Horse- 

power 

Drum Sanders 

4 X 4 

4 x 4 

1-2 

3”"4 

S 

7 i 

Length of Drum, 
Inches 

Horse-p( 

6 X 4 

1-2 

S, 

30 

7 ^ 

6 x 4 

3-4 

7 i 

36 

10 

8 x 4 

4 

10 

42-48 

IS 

10 X 4 

4 

IS 

S 4 ~ 6 o 

20 

12 X 5 

4 

20 

72-84 

30 


Inches 

8X4 
10 X 4 
10 X 6 


Inside Moulders 

Horse- 


4 

4 

4 -S 


power 

IS 

IS 

20-30 


Jointers 

Inches Horse-power 

8-12 2 

16-24 3 

30-36 5 

Tenoning Macshines 
N o. 

Inches Heads Horse-power 

six 14 I 3 - S 

si X IS 2 5 

23 X 9 2 7i 

'54 X 4i 4-8 10 -15 

78 X 4i 4-8 10 -15 

Gamers 7|— 10-15 

Belt Sanders 
W idth of Belt, 

Inches Horse-power 

6-14 2-3 

18 s 
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Power Required for Punching and Shearing 

Experiments tend to show that with steel plates of 60,000 pounds 
tensile strength, the metal is all sheared when the punch has passed 
one-half through the plate. The following formula by L. R. 
Pomeroy takes this into account and also allows the motor an 
efficiency of 80 per cent and the punching machine 75 per cent. 

'T^XDXN 
■ ^78 

where T = full thickness of plate. 

P - diameter of hole punched. 

N — number of holes punched per minute, 

P == horse-power pquired to drive machine. 

Taking a i-inch hole in a f-inch plate, the power required to 
punch 30 per minute would be 

^ ^ ^ ^ == or about i horse-power. 

37-8 3-78 ^ 

Pressure required for shearing = length of cut X thickness in 
inches X shearing strength of material. Dies with ‘‘shear” reduce 
this one-third to one-half. 

Power Required to Remove Metal 
Two factors enter into the problem of power for driving machines' 


Time factor = 
Load factor = 


actual cutting time 
total time to complete operation* 
average daily load 
full-load rating of motor 


The average load factor for motors driving lathes is from 10 to 
25 per cent. On some special machines, such as driving-wheel and 
car-wheel lathes, the cuts are all heavy, increasing the average load 
factor to from 30 to 40 per cent. 

For extension boring mills, s-horse-power motors are used to 
move the housings on from 10- to 16-feet mills; 7! horse-power, for 
from 14- to 20-feet mills; and 10 horse-power, for from 16- to 24-feet 
mills. The load factor of the driving motor on boring mills averages 
from 10 to 25 per cent. 

The load factor of motor-driven drills is about 40 per cent when 
the larger drills applicable thereto are used. If the smaller drills 
are used, the load factor averages 25 per cent and lower. 

For the average milling operations the load factor averages from 
10 to 25 per cent. On slab milling machines, where large quantities 
of metal are removed, it will average from 30 to 40 per cent. 

The work on this class of machinery is usually light and much 
time is required in making adjustments. Hence the load factor is 
rarely higher than 20 per cent. 




Thrust 
in Pounds 


R. P. M 
of Drill 
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On planers the load factor averages between 15 and 20 per cent. 
With 10 horse-power or under belt-shifting drives probably give 
better results than direct-connected reversing motors. 

The work done on shapers is of a varying character. With light 
work the load factor will not exceed from 15 to 20 per cent; with 
heavy work, the load factor will be as high as 40 per cent. 

The conditions with slotters are similar to those on shapers. 

HORSE-POWER TO DRIVE MACHINES 

Extensive experiments by L. R. Pomeroy showed that the horse- 
power required equals the feed per revolution or stroke X depth of 
cut in inches X cutting speed in feet per minute X 12 X number 
of tools cutting X a constant which depends on the material 
This checks up fairly well with actual motor tests. The constants 
given are: 


Cast iron 0.35 to 0.5 

Wrought iron or soft steel o . 45 to o , 7 

Locomotive driving wheel tires. 0.70 to i. 00 

Very hard steel. i , 00 to i . 10 


Power Used IN Drilling 

Drilling tests by Prof. O. W. Boston gave the following results as 
to power consumed on S.A.E. Steel No. 6150: 


Handling this in another way, Charles Robbins of the Westing- 
house Electric & Manufacturing Co. gives: 

H.P. = cubic inches removed per minute X a constant. 
These constants, for average conditions with average tools, are; 


Brass and similar alloys 0.2 to 0.3 

Cast iron 0.3 to 0^5 

Wrought iron 0.6 

Mild steel (0.30 to 0.40 carbon). . . . . 0.6 

Hard steel (0.50 carbon) i .00 to i . 25 

Very hard tire steel i . 50 


Tests on cast iron*were as follows: 


)rill R. P. M. Peed Thrust 

'mm._ of Drill per Rev. in Pounds 






TURNING ^199 

A brief summary of the studies by Air. Robbins gives interesting 
data on various machines, including the following data: 



Time 

Factor 

IfOad 

Factor 

bnrTTig maobinft , r , t - r ....... . 

44 % 

41 

54 

50 

55 

27 % 

10 

53 

12 

Radial ddUing machine 

Portable milling machine 

Portable slotting machine 

Planers 



L. R. Pomeroy also gave a method of determining the horse-power 
required by the belt used to drive the machine. The formula is: 

H.P. = thickness of belt in inches X width of belt in inches X 
diameter of pulley in inches X revolutions per minute X 
constant for kind of belt. 

These constants are: 

Leather belt. 0.0062 to 0.0098 

Cotton belt 0.0036 to 0.0068 

Rubber belt 0 . 0050 to 0 . 0082 

SPEED FOR WOOD TURraNG 

A good average surface or cutting speed for a wood-turning lathe 
is from 1,000 to 1,500 feet per minute. Where work does not 
exceed i inch in diameter, the speed may be 3,000 revolutions per 
minute; for 2-inch stock, 2,500; for 3-inch stock, 2,000, or a little 
less; and for larger stock it is reduced in proportion. 

COOLING HOT BEARINGS 

A hotbox can be cooled by pouring sulphur on the bearing. It 
melts at 220°F, and puts a smooth surface on both journals and 
bearings. It fills the oil groove but can be dissolved with benzene 
if machine cannot be stopped. Either stick or flowers of sulphur 
wiU do. Graphite is also good but cannot be used where the color 
is objectionable as in flour mills or other white stock. 

HIGH-CYCLE MOTORS 

High-cycle motors for portable tools use alternating three-phase 
current of 180 cycles with 220 volts. The outstanding advantage 
is the maintenance of speed and power under load, which increases 
the productive capacity of the tool it drives. As there are no wire 
windings, soldered joints, commutation, or brushes, maintenance 
cost and loss of time are greatly reduced. 
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Diam. 


A B C 'W’eight i poot 
in in in w Long 

Inches Inches Inches Wash^, Includ- 


oflSlJ Weight Weight ors 


01 01 Addi 

IS 

i TJ J Tl J of Bolt, 
Pounds Pounds PntiTtfqJ 


The table gives the necessary data from which the weights of 
bolts from | to 2 | inches in diameter can be computed. The weights 
of the nuts and the sizes and weights of the washers are also given. 


'.^Dktrrkof Bolts 




p9piamof Bolt 


0.282 

0.348 

0.421 

0.501 

0.588 


0.682 

0.782 

0.890 

1.127 

1.391 


0.08s 

0.IS3 

0.250 

0.381 

0.552 


0.094 

0.168 

0.273 

0.416 

0.598 


0.056 

0.087 

0.125 

0,170 

0.223 


0.769 

1.03 

1.3s 

1.72 

2.17 


0.834 
1. 12 
1.46 
1.87 
2 . 3 s 


11.09 

12.93 

14*95 

19.72 

24.84 


2.91 
3.54 
4.27 
6.00 
8. IS 


FOU!NDATION BOLTS AND WASHERS 


Table 13 . — Foundation Bolts and Washers Used at the 
Chester, Pa., Plant or the American Steel Foundries 
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METALS AND OTHER MATERIALS 

HEAT-TREATMENT OF STEEL 

The theory of the heat-treatment of steel rests upon the influence 
which the rate of cooling has on certain molecular changes in struc- 
ture occurring at different temperatures in the solid state. These 
changes are of two classes, critical and progressive; the former 
occur periodically between certain narrow temperature limits, 
while the latter proceed gradually with the rise in temperature, 
each change producing alterations in the physical characteristics. 
By controlling the rate of cooling, these changes can be given a 
permanent set, and the physical characteristics can thus be made 
different from those in the metal in its normal state. 

The highest temperature to which it is safe to submit a steel for 
heat-treating is governed by the chemical composition of the steel. 
Very low carbon steel may be heated to about idso^F., but high- 
carbon tool steels will harden at a lower temperature. The 
steelmaker’s advice as to the best hardening temperature should 
be given careful consideration. From 1400 to i4So°r. is usually 
sufficient. Some of the high-grade alloy steels may safely be raised 
to 1750^., and the high-speed steels may be raised to just below the 
melting point, usually from 2200 to 24oo°F. It is necessary to 
raise the metal to these points so that the active cooling process will 
have the desired effect of checking the crystallization of the structure. 

Teems Relating to Heat-Teeatment Operations 

As Adopted by a Joint Committee of the A.S.T.M., S.A.E., 
and A.S.S.T. 

Heat-Treatment. — An operation, or combination of oijerations, involving 
the heating and cooling of a metal or an alloy in the solid state. (Heating 
and cooling for the sole purpose of mechanical working are excluded from 
the meaning of this defimtion.) 

Quenching.— Immersing to cool. 

Hardening. — Heating and quenching certain iron-base alloys from a 
temperature either within or above the critical-temperature range. 

Annealing. — Annealing is a heating and cooling operation of a material 
in the solid state. In annealing, the temperature of the operation and the 
rate of cooling depend upon the material being heat-treated and the purpose 
of the treatment. (Usually relatively slow cooling is implied.) 

Certain specific heat-treatments coming under the comprehensive term 
“annealing” are: . 

Full Annealing.— Heating iron-base alloys above the critical-temperature 
range, holding above that range for a proper period of time, followed by slow 
cooling through the range. The annealing temperature is generally about 
ioo®F. (ss®C.) above the upper limit of the critical-temperature range, and 
the time of holding is usually not less than i hour for each inch of section of 

1003 
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the heaviest objects being treated. The objects being treated are ordinarily 
allowed to cool slowly in the furnace. They may, however, be removed from 
the furnace and cooled in some medium which will prolong the time of cooling 
as compared to unrestricted cooling in the air. 

Process Annealing. — Heating iron-base alloys to a temperature below or 
close to the lower limit of the critical range followed by cooling as desired 
This heat-treatment is commonly applied in the sheet and wire industries, 
and the temperatures generally used are from 1020 to i20o“P. (550 to 65o®C.). 

Normaliring. — Heating iron-base alloys above the ; critical-tempera- 
ture range, followed by cooling to below that range in still air at ordinary 
temperature. . ... 

Patenting.— Heating iron-base alloys above the critical-temperature 
range followed by cooHng to below that range in molten lead naaintained at 
a temperature of about 700°P. (365*0. ). Usually applied in the wire indus- 
try either as a finishing treatment or, especially in the case of eutectoid steel, 
as a treatment previous to further wire drawing. Its purpose is to produce 
a sorbitic structure. ^ \ 

Spheroidizing. — Prolonged heating of iron-base alloys at a temperature 
in the neighborhood of, but generally slightly below, the critical-temperature 
range, usually followed by relatively slow cooling. 

Tempering (also termed Drawing). — Reheating, after hardening to some 
temperature below the critical-temperature range, followed by any rate of 

Ma^eablizing. — Annealing operation with slow cooling whereby combined 
carbon in white cast iron is transformed' to temper carbon, and in some cases 
the carbon is entirely removed from the iron. _ 

Graphitizing. — Annealing of cast iron whereby some or all of the combined 

carbon is transformed to free or uncombmed carbon. 

Carburizing (Cementation). — Adding carbon to iron-base alloys by heating 
the metal below its melting point in contact with carbonaceous material. 
(“Carbonizing” is an undesirable term.) 

Case Hardening. — Carburizing and subsequent hardening by suitable 
heat-treatment all or part of the surface portions of a piece of iron-base alloy. 

Case.— That portion of a carburized iron-base alloy article in which the 
carbon content has been substantially increased. . , 

Core. — That portion of a carburized iron-base alloy article in which the 
carbon content has not been Bubstantially increased.^ (The terms “case” 
and “core” refer to both case hardening and carburizing.) 

Cyaniding. — Surface hardening of an iron-base alloy article or portion of 
it by heating at a suitable temperature in contact with a cyanide salt, fol- 
lowed by quenching. 

Methods of Heating 

Furnaces using solid fuel, such as coal, coke, charcoal, etc., are the 
most numerous and have been used the longest. These furnaces 
consist of a grate to place the fuel on, an arch to reflect the heat, and 
a plate to put the pieces on. The plate should be so arranged that 
the flames will not strike the pieces to be heated, and for that reason 
some use cast-iron or clay retorts which are open on the side toward 
the doors of the furnace. 

The use of both gas and oil furnaces is increasing, owing to the 
ease with wh’ch the fire is handled and the cleanliness as compared 
with A coal, coke, or charcoal fire. The electric furnace is also 
growing in use, the ease with which heat can be controlled being an 
important factor. 

Heating in Liqtdds 

Furnaces using liquid for heating have a receptacle, such as a 
pot or crucible, to hold the liquid, which is heated by coal, oil, gas, 
or other means; the liquid is kept at the highest temperature to 
which the piece should be heated. The piece should be preheated 
, ^owly in an ordinary furnace to about 800 degrees, after which it 
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should be immersed in the liquid bath and kept there long enough 
to attain the temperature of the bath and then removed to be 
annealed or hardened. 

The bath usuaEy consists of lead, although antimony, cyanate of 
potassium, chloride of barium, a mixture of chloride of barium and 
chloride of potassium in the proportion of 3:2, mercury, common 
salt, and metallic salts have been successfully used. 

This method gives good results, as no portion of the piece to be 
treated can reach a temperature above that of the liquid bath; a 
pyrometer attachment will indicate exactly when the piece has 
arrived at that temperature. The bath can be maintained easily 
at the proper temperature, and the entire process is under perfect 
control. 

When lead is used it is liable to stick to the steel, unless it is pure, 
and retard the cooling of the spots where it adheres. Impurities, 
such as sulphur, are liable to be absorbed by the steel and thus affect 
its chemical composition. With high temperatures, lead and 
cyanate of potassium throw off poisonous vapors which make them 
prohibitive, and even at comparatively low temperatures these 
vapors are detrimental to the health of the workmen in the harden- 
ing room unless great care is used in exhausting the fumes by 
mechanical means. The metallic salts, however, do not give off 
these poisonous vapors and are much better to use for this purpose, 
but many times the fumes are unbearable. 

Gas and Oil as Fuel 

Furnaces using gaseous fuel are very numerous and are so con- 
structed that they can use either natural gas, artificial gas, or pro- 
ducer gas. They are very easy to regulate and, if well built, are 
capable of maintaining a constant temperature within a wide range. 

In first cost this style of furnace is greater than that of the solid fuel 
furnaces, but where natural or producer gas is used, the cost of 
operating is so much less that the saving soon pays for the cost of 
installation. 

Oil-fired furnaces are also being used in large numbers and 
electric furnaces are to be found even in small shops. Accurate 
temperature control makes them both desirable. 

Annealing 

The appliances for annealing are as numerous as the baths for 
quenching, and where a few years ago the ashes from the forge were 
all that were considered necessary for properly annealing a piece of 
steel, today many special preparations are being manufactured and 
sold for this purpose. 

The more common materials used for annealing are powdered 
charcoal, charred bone, charred leather, slaked lime,^ sawdust, 
sand, fire clay, magnesia or refractory earth. The piece to be 
annealed is usually packed in a metal box, using some of these 
materials or combinations of them for the packing; the whole is then 
heated in a furnace to the proper temperature and set aside, with 
the cover left on, to cool gradually to the atmospheric temperature. 
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Although cast-iron boxes are most common, there is an increasing 
use of such alloys as nichrome (nickel and chromium) on account of 
their longer life under continual heating and cooling. 

For certain grades of steel these materials give good results; but 
for aU kinds of steels and for all grades of annealing, the slow-cooling 
furnace perhaps gives the best satisfaction, as the temperature can 
be easily raised to the right point, kept there as long as necessary, 
and then regulated to cool down as slowly as is desired. The gas| 
oil, or electric furnaces are the easiest to handle and regulate. For 
annealing tool steel, about i4oo°F. is usually sufficient. 

Annealing is now used to designate heating for the purpose of 
softening. To remove stresses in steel, it is heated above the 
calescent point. This is called “normalizing.’’ 

The Hardening Bath 

In hardening steels the influence of the bath depends upon its 
temperature, its mass, and its nature; or, to express this in another 
way, upon its specific heat, its conductivity, its volatility, and its 
viscosity. With other things equal, the lower the temperature of 
the bath, the quicker the metal will cool and the more pronounced 
will be the hardening effect. Thus, water at 6o degrees will make 
steel harder than water at 150 degrees, and when the bath is in con- 
stant use the first piece guenched will be harder than the tenth or 
twentieth, owing to the rise in temperature of the bath. Therefore, 
if uniform results are to be obtained in using a water bath, it must 
either be of a very large volume or kept cool by some mechanical 
means. In other words, the bath must be maintained at a constant 
temperature. 

The mass of the bath can be made large, so no great rise in tem- 
perature is made by the continuous cooling of pieces, or it can be 
made small and its rise in temperature used for hardening tools 
that are to remain fairly soft, as, if this temperature is properly 
regulated, the tool will not have to be reheated and tempered later, 
and cracks and fissures are not so liable to occur. 

Another way of arriving at the same results would be to use the 
double bath for quenching, that is, to have one bath of some product 
similar to salt which fuses at sys'^F. Quench the piece in that until 
it has reached its temperature, after which it can be quenched in a 
cold bath or cooled in the air. 

GRADES AND USES OF CARBON STEELS 

Carbon steel is used for more different purposes than any other 
tool steel. These are made in different grades according to the 
work to be done. The Carpenter Steel Company divides them into 
three classes for the following uses. 

1. Average carbon tools: Drills, reamers, taps and dies, blanking dies, 
strildng dies, coining dies, forming dies, bending dies, button dies, punches, 
mandrels, arbors, jig bushings, cutters and hobs, dowel pins, stamps, lathe 
centers, knurls, studs, adapters, jig feet, plugs, ring and snap gages. 

2. Tools requiring maximum wear resistance and fair toughness are: 
Drawing dies, cold extrusion dies and punches, shaving dies, sectional blank- 
ing dies, forming tools and rolls, burnishing tools, cutting tools for brass and 
non-ferrous metals, finishing reamers, spinning tools. 
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; 3. Tools requiring maximum toughness with only fair wear resistance are : 

Heavy-duty perforating punches, knockout pins, fingers, clutch pins, stops, 
indexing pins, screw extractors, coining dies, shear blades, spring collets, feed 
fingers, pneumatic chisels, rivet busters, nail sets, flaring tools, sledges, pipe 
; cutters, screw drivers, drift pins, rivet sets. 

1 Similar gradings are made for oil hardening and high-speed steels. 

! ALLOY STEELS 



1 Alloy steels are used because^ of greater hardness, strength, 

toughness, wear resistance, and uniformity, as well as less distortion 
or liability to crack in hardening. Selection of steels for special 

1 uses is important. The Carpenter Steel Company divides them 

1 into three groups: low carbon, case hardening; medium carbon, 

j tough tempering, for axles, shafts, bolts, etc.; high Cduxbon, hard 

( tempering, for gears, clutch parts, etc. In some cases the same i 

i steel can be used for both the second and third groups. Choice 

of the best steel for diflterent work will be easier after studying the 1 

table on comparative properties of the two types of steel. 

Table I. — Comparative Properties op Case-Hardening and 
j Hard -Tempering Steels 

■f 

r 

Case-Hardening 

Steel 

Hard- Tempering 

Steel i 

Initial cost of steel 

Same 

Same 

Cost of forging 

Less 

Greater 

i Cost of annealing forgings — . . . . . 

Less 

Greater 

i Cost of machining 

Less 

Greater 

I Cost of finish heat-treatment 

Greater 

Less 

i Distortion in heat-treating 

Greater 

Less 

Ease of straightening 

Easier 

More difficult 

Hardness of surface. 

Greater 

Less 

Wear resistance. 

Greater 

Less 

■ 

Toughness of surface 

Less 

Greater 

Tendency to pit under high unit 
pressures..... 

Less 

Greater 

Tendency to upset under heavy 
loads..;....... 

Greater 

Les 

s 


Over-all strength of part 


Less 
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Choosing between a Case-Har dening Steel and a Tempering Steel 

In making a gear, for example, the question frequently comes up 
—should it be made from a steel or a tempering 

steel? Table i of comparison will be helpful. The comparison is 
made between steels of the same alloy content — one of them having 
low carbon for case-hardening and the other having about 0.50% 
carbon for tempering. 


Table 2. — Chemical Compositions oe S.A.E. Alloy Steels^ 
Nickel Steels 


S.A.E. 

No. 

Carbon 

Range 

Manganese 

Range 

Phosphorus 

Maximum 

Sulphur 

Maximum 

Nickel 

Range 

201S 

0.10-0.20 

0.30-0.60 

0,040 

0.050 

0.40-0,60 

211S 

1 0.10-0.20 

0.30-0.60 

0 . 040 

0.050 

I. 2 S-I. 7 S 

231S 

i 0.10-0.20 

0.30-0.60 

0.040 

0.050 

3.25-3.75 

2320 

i 0.15-0.25 

0.30-0.60 

0.040 

0.050 

3.25-3.75 

2330 

i 0,25-0.35 

0.50-0.80 

0.040 

o.oso 

3 . 25 - 3.75 

233 s 

1 0.30-0.40 

0.50-0.80 

0,040 

0.050 

3. 25 - 3. 75 

2340 

0.35-0.45 

0,60-0.90 

0.040 

0.050 

3.25-3.75 

234s 1 

0.40-0. so 

0.60-0.90 

0 . 040 

0.050 

3.25-3.75 

2350 

0 . 45 - 0,55 

0.60-0.90 

0.040 

0 . 050 

3.25-3.75 

2 SIS 

0.10-0.20 

0 . 30-0 . 60 

0 . 040 

0.050 

4.75-5.25 


Nickel-Chromium Steels 


S,A.E. 

No. 

Carbon 

Range 

Manga- 

nese 

Range 

Phos- 

phorus 

Max. 

Sulphur 

Max. 

Nickel', 

Range 

Chromi- 

um 

' Range 

31XS 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

1 . OO-I . so 

0 . 45 - 0. 75 

3120 ! 

0 . 15 - 0.25 

0.30-0.60 

0.040 

0.050 

I . OO-I . 50 

0.45-0.75 

3125 1 

0 . 20-0 . 30 

0,50-0.80 

0.040 

0.050 

1.00-1.50 

0.45-0.75 

3130 

0 . 25 - 0.35 

0. 50-0.80! 

0.040 

0.050 

I. OO-I. so 

0.45-0.75 

3x35 

0 . 30-0 . 40 

0.50-0.80 

0.040 

0.050 

1,00-1.50 

0.45-0.75 

3140 

; 0 . 3 . 5 - 0. 45 

0.60-0.90 

0. 040 

0.050 

I . OO-I . 50 

0.45-0.75 

X3140 

to. 35 - 0. 45 

0.60-0.90 

0.040 

0.050 

1.00-1.50 

0.60-0.90 

314s 

10.40-0.50 

0.60-0.90 

0 . 040 

O.OSO 

I .00-1. so 

o. 45 “ 0 . 7 S 

3ISO 

0.45-0.55 

0.60-0.90 

0.040 

0,050 

I. 00- I. so 

0.45-0.75 

32 X 5 

lO. 10 - 0.20 

0.30-0.60 

0.040 

0.050 

I 50 - 2 , 00 

0.90-1,25 

3220 

0. 15-0.25 

0.30-0.60 

0.040 

o.oso 

1 .50-2. 00 

0.90-1 .25 

3230 

' 0 . 25 - 0.35 

0.30-0.60 

0 . 040 

o.oso 

1.50-2.00; 

0.90-r . 25 

3240 

0.35-0.45 

0 . 30-0 . 60 

0.040 

o.oso 

I .50-2.00 

0.90-1.25 

324s 

0.40-0. so 

0.30-0.60 

0 . 040 

o.oso 

1.50-2,00 

0 . 90-1 .25 

32SO 

to. 45-0. 55 

0.30-0.60 

0.040 

o.oso ; 

1.50-2.00 

0.90-1.25 

33x2 

max. 0 . 17 

0.30-0.60 

0.040 

0.050 

3. 25 - 3 • 75 

l':,. 2 S~x,„ 7 S' 

332s 

0.20-0.30 

0.30-0.60 

0.040 

0.050 

3.25-3.75 

1 . 25 - 1.75 

3335 

0.30-0.40 

0.30-0,60 

0.040 i 

0.050 

3.25-3.75 

I. 25-1.75 

3340 

o.3S“'0.4S 

0,30-0. 60 

0.040 1 

0.050 

3.25-3.75 

1.25-1.75 

341 5 

0.10-0.20 

0.30-0.60 

0.040 

0 . 050 

2.75-3.25 

0 . 60-0 . 95 

3435 

0.30-0.40 

0.30-0.60 

0.040 

0.050 

2.75-3.25 

0 . 60-0 . 95 

3450 

0 . 45 - 0 . 55 ; 

0.30-0.60 

0.040 

o.oso 

2,75-3.25 

0 . 60-0 . 95 
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Table 2.— Chemical Compositions of S.A.E. Alloy 
Steels — Continued 
Molybdenum Steels 


S.A.B. 

No. 

Carbon 

Range 

j Manga- 
nese 
Range 

Phos. 

Maxi- 

mum 

Sul- 

phur 

Maxi- 

mum 

Chromi- 

um 

Range 

Nickel 

Range 

Molyb- 

denum 

Range 

4130 

0.25-0.35 

0 .50-0 . 80 

0.040 

0.050 

0 . 50-0 . 80 


0. 15-0.25 

X4130 

0.25-0.35 

0 . 40-0 . 60 

0.040 

0.050 

0.80-1. 10 


0.15-0.25 

413s 

0 , 30-0 . 40 

0 . 60--0 . 90 

0.040 

0,050 

0 . 80-1 . 10 


0. 15-0. 25 

4140' 

0.35-0.45 

0 . 60-0 . 90 

0.040! 

0.050 

0.80-1 .10 

1 

0. 15-0. 25 

4150 

0.45-0.55 

0 . 60“0 . 90 

0,040 

0.050 

0 . 80-1 . 10 


0,15-0.25 

4340 

0 . 35 - 0-45 

0 . 50-0 . 80 

0.040 

0.050 

0 . 50-0 . 80 

I. 50 - 2.00 

0 , 30-0 . 40 

4345 

0.40-0.50 

0.50-0.80 

0.040 

0.050 

0.60-0.90 

I . 50-2 , 00 

0.15-0.25 

461s 

0. 10-0.20 

0 . 40-0 . 70 

0 . 040 

0.050 


1.65-2.00 

0.20-0.30 

4620 

0.15-0.25 

0 . 40-0 . 70 

0.040 

0.050 


I . 65-2 . 00 

0,20-0.30 

4640 

0 . 35 - 0.45 

0.50-0.80 

0.040 

0.050 


I . 65-2 . 00 

0.20-0,30 

4815 

0.10-0.20 

0.40-0.60 

0.040 

0.050 


3.25-3.75 

0.20-0,30 

4820 

0. IS-0.2S 

0 . 40-0 . 60 

0.040 

0.050 


3.25-3.75 

0 . 20-0 . 30 


Chromium Steels 


S.A.B, 

No. 

Carbon 

Range 

Manganese 
j Range 

Phosphorus 

maximum 

Sulphur 

Maximum 

Chromium 

Range 

5x20 

o.rS“0.2S 

0.30-0.60 

0.040 

0.050 

0 . 60-0 . 90 

5 140 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

0.80-1. 10 

SISO 

0. 45-0. 55 

0 . 60-0 . 90 

0 . 040 

0.050 

0.80-1, 10 

S2I00 

0.9S-I. xo 

0.20-0.50 

0.030 

0.035 

1 

1.20-1,50 


Chromium-Vanadium Steels 


S.A.E. 

' ' No. 

Carbon 

Range 

Manga- 
nese 
! Range 

Phos. 

Maxi- 

mum 

Sulphur 

Maxi- 

mum 

. ■ 

Chromi- 

um 

Range 

Vanadium 

Mini- 

mum 

Desired 

611S 

0.10-0.20 

0 . 30-0 . 60 

0 . 040 

0.050 

0. 8o~i.io 

0.15 

0. 18 

6120 

Oi 15-0. 25 

0 . 30-0 . 60 

0.040 

0.050 

0,80-1.10 

0 . IS 

0. 18 

6125 

0.20-0.30 

0.60-0 .90 

0 . 040 

O.OSO 

0.80-1. 10 

0.15 

0.18 

6130 

0.25-0.35 

0.60-0.90 

0.040 

0.050 

0 . 8o~i . 10 

o.is 

0.18 

6135 

0.30-0.40! 

0.60-0.90 

0 .040 

0.050 

0.80-1. 10 

0.15 

0.18 

6140 

0.35-0.45 

0 . 60-0 , 90 

0.040 

0.050 

0.80-1. 10 

0.15 

0.18 

614s 

0.40-0.50 

0 . 60-0 . 90 

0.040 

0.050 

0.80-1.10 

Oils 1 

0. 18 

6150 

0 . 45 - 0. 55 

0 . 60-0 , 90 

0.040 

0.050 

0 . 8b-i . xo 

0.15 

o.rS 

619s 

0.90-1,05 

0 . 20-0 . 45 

0.030 

0.035 

0.80-1. 10 

O.IS 

0.18 
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Table 2.— Chemical Compositions op S.A.E. Alloy 
Steels 

Tungsten Steels 


S.A.E. 

No. 

Carbon 

Range 

Manga- 

nese 

Range 

Phos. 

Maxi- 

mum 

Sulphur 

Maxi- 

mum 

Chromi- 

um 

Range 

Tungsten 

Range 

71360 

71660 

7260 

0.50-0.70 
0.50-0.70 
0 . 50-0 . 70 

i 

0.30 

0.30 

0.30 

0.03s 

0.035 

0.03s 

0.040 

0.040 

0.040 

3.00-4.00 
3 . 00-4 . 00 
0.50-1.00 

12 . 00 - 15.00 

15. 00- 18. 00 
I . So- 2.00 


Silicon-Manganese Steels 


S.A.E. 

No. 

Carbon 

Range 

Manganese 

Range 

Phosphorus 

Maximum 

Sulphur 

Maximum 

Silicon 

Range 

9255 

9260 

0 . 50-0 . 60 
0.55-0.65 

0.60-0.90 

0 . 60-0 . 90 

00 

b 0 

0 0 

0.050 

0.050 

1 . 80- 2 . 20 

1 . 80— 2 . 20 


1 S.A.E. Handbook, 1936. (These are as adopted by the Society of Auto- 
motive Engineers in January, 1935, and are subject to future revision.) 


Characteristics of Tool Steel 

The characteristics of tool steel, as shown in Fig. i are for general 
information, not for the selection of specific steels for specific uses. 
It will serve as a guide for making a chart to fit the particular needs 
of any shop. In making up such a chart for shop use, the best 
experience available in that shop should be included in that chart 
and all later experience added as it occurs. It may be well to add 
trade names, as well as the shop symbols used, as these make a 
convenient reference. An additional list of the heat-treatments 
of each steel will be of value. 

Deep Freezing 

Deep freezing is another application of artificial cold to machine 
work. It has been found that cutters of various kinds have a 
greatly increased life if they are frozen for several hours at 120 
degrees below zero and then permitted to return to room temper- 
ature. It is claimed that broken milling cutters can be brazed, and 
will become hardened if deep frozen. 

Deep freezing is also said to improve the machining quality of 
S.A.E. 4340. S^ome other steels, such as S.A.E. 251 2, can be made 
somewhat harder by deep freezing after heat treatment. The 
eSect of the treatment depends on the content of the steel, those 
high in nickel being most affected. 
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Fig. I.— Characteristics of Tool Steel 
















Table — Recommended Heat-Treatment 



HEAT-TREATMENT 


loIS 


1 

Q 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

To required hardness 

1 ■ ■ 

To required hardness 

To required hardness 

To required hardness 

Cooling Method 

Quench 

Quench 

Oil 

Oil 

Oil 

Quench 

Quench 

Oil 

Oil 

Oil 

Oil 

Oil 

oo o 

S O 

OO 

Quench 

Oil 

Oil 

Hardening 
i Temperature 

O O »o m tn 

O O i> «> i> 
lo lo Tf- •'t 

M H M H W 

O O ir> loin 
m lo N N « 

H M H M M 

o o o o o o o 

10 »/l W5 U) lO lO 

lo lo in lo W5 lo lo 

H W M H W W H 

o o o o o o o 
o o o o o o o 

VO lO JO »o to »o to 

M M W H H M H 

o to to 

JO w 

to to Tl- 

H M H 

o to to 

to 'sf ■Jt 

to to 

OJ t>. 

JO 

HI H 

to to 

J> <N 

H H 

to o 
l> to 

Xf Tj- 
M H 

to o 
cj o 

Tf-Tt* 
M H 

O too 
to wo 

'h 'h'h 

'to'o 
to w o 
to to to 

H H H 

Anneal 

1 

Yes — (to machine) 

Yes— (to machine) 

Yes — (to machine) 

Yes — (to machine) 



Yes— (to machine) 

Yes — (to machine) 

Yes — ^(to machine) 

Yes — (to machine) 

Yes — (to machine) 

Yes — (to machine) 

Yes — (to machine) 

Yes — (to machine) 

Yes — (to machine) i 

1 Yes— (to machine) 

I Yes — -(to machine) 

1 Yes — (to machine) 

1 

Normalize 

i S I « o 

.o*o- 

. to • JO < 

’-I 3. 

. o • O 
.to*to- 

• vO "VO • 

• H • M • 

Yes 

Yes 

Yes 

Yes 

Yes 

to m 
<U 03 

Yes 

Yes 

Yes 

Treat, 

No. 

I 

II 

I 

II 

I 

- I'- 

! II 

I 

II 

I 

II 

I 

t-HM M 
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The Rockwell Test 

The Rockwell test, like the Brinell test, measures indentation I 

hardness (resistance to penetration) but differs in that the Rockwell 
Tester is a direct-reading instrument. Two loads are applied : one, 
resulting from bringing the specimen into spring-loaded contact 
with the indenter, which breaks through dirt and irregularities of 
finish on surface of specimen; and the other, which is the major or 
testing load, causing an increase in penetration due to increment of 
load. The dial readings are actually readings of penetrator motion 
with respect to the head of the machine, and, as the operator sets 
the dial to zero after the minor load is applied, the readings indicate 
the increment of indentation due to the increment of load. To 
meet the general concept high numbers for hard materials, the 
pointer is made to move to lesser and lesser numerical values as 
the indentation increases. 

The Rockwell Tester is made in two general types. The Normal 
t3rpe applies a minor load of 10 kilograms (about 22 pounds) and 
selective major loads of 60 kilograms, 100 kilograms, and 150 kilo- 
grams. The Superficial type applies a minor load of 3 kilograms 
and selective major loads of 15 kilograms, 30 kilograms, and 45 kilo- 
grams. The purpose of the Superficial is to test to only a very 
shallow extent, as required on lightly carburized or nitrided steel 
and any metal in sheet or strip form that is too thin for indentation 
with the Normal type. 

One point of hardness on the dial of the Normal t;^e corresponds 
to 0.00008 inch in depth of impression. The Superficial type has a 
depth-measuring system of twice that sensitivity. 

With both the Normal and Superficial type of the Rockwell 
Tester, hardened steel is tested with a diamond penetrator ground 
to a cone of 120 degrees and a tangentially spherical point of 0.2 
millimeter radius. Unhardened steel and brass are tested with a 

inch diameter steel ball penetrator. • 

Principally Used Scales. — The most extensively used scales 
(combinations) are as follows: 

1. With a spheroconical diamond penetrator different loads 
give scale A for 60 kilograms; scale C for 150 kilograms; scale 15-N 
for 15 kilograms; scale 30-N for 30 kilograms. 

2, With iViiich ball penetrator, the loads give scale B for 100 
kilograms; scale F for 60 kilograms; scale 15-T for 15 kilograms; 

' scale 3 o-T for 30 kilograms. 

Scleroscope Reading 

In the Shore Scleroscope, a miniature drop hammer tup falls from 
a fixed height to the surface of the metal being tested. The height 
■ of the rebound indicates the hardness on an arbitrary scale which 

» has IIS divisions, these meeting all usual requirements. This 

I method can be applied to any material which will take a permanent 

I set under impact. For, no matter how hard the material, the 

j falling weight, weighing about 40 grains, makes a dent which can be 

seen with a 'glass. . 

I The following table shows the readings which will be obtained on 
i the Scleroscope for the materials indicated, thus giving the com- 
i parative hardness of the materials. 
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ScLEROscopE Hardness Scale 


Annealed Hammered 


Lead — cast 2-5 3-. ^ 

Babbitt 4” 9 

Gold.... S' ^ 

Silver ■ • - 20- 30 

Brass — cast 7~35 

Pure Tin — cast.......... 8 12 

Brass — drawn 10-15 20-45 

Bismuth — cast 9 

Platinum 10 17 

Copper — cast 6 14- 20 

Zinc — cast 8 20 

Iron- — pure 18 25- 30 

Mild steel, 0.15 carbon 22 30- 45 

Nickel Anode — cast. •••••• 3^ 55 

Iron, gray — cast 30“45 

Iron, gray ^ — chilled 50-90 

Steel, tool, 1% carbon ... 30“35 40“ 5© 

Steel, tool, 1.65% carbon 3S”4o 

Vanadium steel 3S~‘45 

Chrome — -Nickel 47 

Chrome — Nickel, hardened 60-95 

Steel, high speed, hardened ......... 70-105 

Steel» carbon, tool, hardened 90-110 

]^qte.— T hese figures vary with the composition and density 
of the metals. They are about | those of the Brinell test for equal 
hardness, varying somewhat with the kind of metal. 

HARDENING STEEL BY SHOT-BLASTING AND MAGNETISM 

It is well known that some steel “work hardens’^ from contact 
with the cutting tools, especially after they become dull. Shot- 
blasting with steel balls also hardens the surface by a peening 
action. In Britain this is called “cloudburst.” Edward G. Her- 
bert has found that work hardened steel becomes harder still when 
placed across the poles of an electro-magnet and rotated first in 
one direction and then in the other. We know of no practical 
application of this method as yet. 

FUNDAMENTAL HARDENING RtfLESV 

. Heating is to be done gradually and penetratingly, until the whole 
section of lie part of the tool to be hardened has reached the right 
hardening temperature of the particular steel used. The tool 
should be kept at the hardening temperature only long enough to 
permit thorough heating. 

1 Weston Electrical Instrument Corporation. 
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The tool should then be hardened in accordance with its require- 
ments more or less vigorously by quenching in a suitable hardening 
medium. Temper can be drawn u required. 

Freqitent Faults m HAitDENiNG 


Fatik in Hardening 

Appearance of the 
Tool Resulting 
from the Fault 

Appearance of 
Fracture 

Possible Means 
of Correcting the 
Faults of 
Hardening 

the tool has been 
heated insuffi- 
ciently, that is, 
has not been 
heated at the 
correct harden- 
ing temperature 

Has not been 
hardened or is 
insufficiently 
hard. Has re- 
tained its scale 
wholly or in 
part. Can be 
filed 

Has more or less 
the appearance 
of unhardened 
steel 

Hardening is to 
be repeated at a 
higher tempera- 
ture 

the tool has been 
heated to above 
the correct hard- 
ening tempera- 
ture, that is, 
overheated 

Sufficient hard- 
ness; normal 
amount of scale; 
cannot be filed. 
The tool niay 
crack easily 
during _ harden- 
ing owing to in- 
sufficient 
toughness. 
Breaks away 
during use 

Varying from fine 
to coarse grain, 
in some cases, 
glittering; occa- 
sionally stony 
appearance 

Should the over- 
heating be only 
sHght, hardening 
can be repeated 
at a lower, that 

is, the right, 
temperature. 
Should the heat- 
ing, however, be 
greater, the steel 
should be an- 
nealed before- 
hand and then 
rehardened. If, 
as with chisels, 
the form of the 
tool will permit 

it, the steel 
should be re- 
forged 

the tool has been 
very severely 
overheated, that 
is, burned 

Sufficient hard- 
ness; normal 

amount of scale; 
cannot be filed. 
Owing to lack of 
toughness, the 
tool cracks and 
breaks out easily 
during use 

Coarse grain to 
coarse crystal- 
line, strong 
white sparkle 

A burned tool 
cannot be ren- 
dered service- 
able 

The tool has not 
been sufficiently 
protected against 
decarburization 
of* the surface 
during heating 

Has apparently 
not taken suffi- 
cient hardness; 
imperfect scal- 
ing; surface can 
be nled; beneath 
soft decarbon- 
ized surface 
proper hardness 
is often found 

A wider or nar- 
rower ^ edging, 
depending on 
the intensity of 
the decarboni- 
zation, will 
show on the 
outside. This 
edging will be 
very sparkling 
and resemble 
cast iron. Be- 
low it the grain 
will be in ac- 

Grind away the 
decarbonized 
surface. If this 
is not possible 
and the decar- 
bonization is not 
deep, the tool 
may be annealed 
in a case-hard- 
ening material 
(that is, carbon- 
ized leather ) 
and then re- 
hardened. 


1020 


METALS AND OTHER MATERIALS 


Frequent Faxtlts in Hardening — Continued 


Fault in Hardening 

Appearance of the 
Tool Resulting 
from the Fault 

Appearance of 
Fracture 

Feasible Mea^ 
of Correcting the 
Faults of 
Hardening 



cordance with 
hardening 

Should the“~^ 
carburization be 
deep, anneal and 
reforge the piece 
and then harden 
afresh 

The tool has been 
heated too quick- 
ly and irregular- 
ly 

Unequal hard- 
ness (the edges 
are generally 
sufficiently 
hard); imper- 
fect scaling. 
Can be filed in 
places. The 
tool cracks eas- 
ily, corners or 
teeth break out 
with shell frac- 
tures, large 
pieces burst 

Unequal appear- 
ance. Partly 
unhardened, 
partly proper- 
ly hardened. 
Often overheat- 
ed grain on 
edges and thin 
portions 

Anneal and r^ 
harden correctly 

The part of the tool 
to be hardened 
has not been 
cooled suddenly 
enough, either 
because the 
hardening medi- 
um has become 
too warm or be- 
cause a wall of 
steam has been 
allowed to form 
between the tool 
and the harden- 
ing medium 

Insufficient hard- 
ness, especially 
with large 
pieces. Edges 
are generally 
hard. Sur- 
faces, particular- 
ly large ones, 
can be filed, how- 
ever, even 
though they 
scale properly 

Only edges and 
thin portion 
properly hard- 
ened, otherwise 
• — particularly 
on the surface — 
unhardened, or 
not quite 
enough grain 

, 

The hardening is 
to be repeated, 
care being used 
i that the cooling 
takes place rap- 
idly enough, ei- 
ther by the use 
of a spray or 
blast pipe or by 
moving the piece 
about ^ in the 
hardening medi- 
um. Compli- 
cated pieces 
should be an- 
nealed before- 
hand 

The tool has been 
hardened in a 
hardening medi- 
u m (f 0 r e X- 
ample; oil, air, 
etc.) which was 
too mild for the 
quality of the 
steel, or for the 
particular pur- 
pose for which 
the tool is re- 
quired 

Insufficient hard- 
ness; edges and 
thin sections 
sometimes 
hard; larger sec- 
tions and sur- 
faces soft; gen- 
erally insuffi- 
cient scaling ; 
can be filed in 
parts 

Resembles at the 
soft parts more 
or less the frac- ' 
ture of the un- ; 
hardened steel 

Hardening is to 
be repeated in a 
stronger harden- 
ing medium 

The tool has been 
hardened in a 
hardening medi- 
um (for exam- 
ple,brine) which 
was too strong 
for the quality 
of the steel or 
for the particu- 
lar purpose for 
which the tool is 
required 

Proper hardness, 
normal scaling, 
cannot be filed; 
hardening 
cracks appear ; 
great distortion ; 
tool is brittle 

Hardening grain 
is good; very 
deep; some- 
times shows 
complete hard- 
ening 

Relieve the brit- 
tleness by draw- 
ing the temper 
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The Natural Fracture of the Tool Steel (Uuaimealed, XJnhard- 
etted).“"This should show an even gray, dull grain, which is coarse 
with soft steels and finer with hard steels. Alloy steels show a 
fracture in accordance with the alloy used and have a more or less 
velvety appearance and a coloring of their own. 

The Fracture of Annealed T ool Steel.—Through proper annealing 
the texture of the steel becomes brighter, the fracture is more 
regular, the grain rather fine. The brightness, however, is easily 
distinguishable from the sparkling brightness of overheated steel. 

The Fracture of Badly Annealed Tool Steel. — Insufficiently 
annealed steel has a fracture more or less like the natural fracture. 
Overannealed steel has a coarser crystalline and very brilliant 
fracture. Should air have penetrated to the steel during the 
process of annealing, the fracture will show, on the surface, a 
decarburized edging resembling cast iron. 

The Fracture of Hardened Tool Steel. — The fracture of the 
hardened layer of a properly treated steel will have the finest grain 
that it is possible to attain with the particular quality of steel used. 
This grain will be very fine, velvety, and dull. The differences of 
grain between a soft and hard steel will almost entirely disappear 
at the hardened layer. The fracture of alloyed steels will have a 
particularly fine dull texture. Depth of the hardened layer depends 
on the chemical composition of the steel and, in some qualities, also 
on the manner of annealing. 

The Right Hardening Temperature of a Steel.— This is the lowest 
temperature at which the steel will take a good hardness. At this 
temperature the steel will have the best combination of hardness 
and toughness. If treated at a higher temperature, it will simply 
lose in toughness without gaining in hardness. This correct harden- 
ing temperature is not the same in all qualities of steel. 

The feght Tempering Color.— This is the color by which the tool 
obtains sufficient toughness for the purpose for which it is intended 
while retaining the greatest possible hardness. 

HEATING RATE OF VARIOUS SHAPES 

The relative time needed to heat pieces of different shapes is 
shown in Table 3. 

Work with black surface heats faster than that with bright 
surfaces. The table, from the Carpenter Steel Company, shows 
the comparative rates. 

In drawing the temper of carbon tools remember that both time 
and temperature affect the results. The lower the drawing heat, 
the more time must be given to relieve strains. A general rule is to 
draw at least i hour for every inch in thickness. This should be 
doubled where there are sharp corners or unequal sections. 

! 
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Time Required to Heat Monel, Nickel, and Inconel 
TO Forging Temperature 


Size of Round 
or Square, 
in Inches 

Total Time in Furnace, in Minutes 

Monel 

Nickel 

Inconel 

i 

2-5 

3-7 

4-10 

I 

6-10 

9-16 

12-20 

2 

16-23 

23 '' 3 S 

34-45 

3 

30-40 

45-60 

60-80 

4 

45-60 

70-90 

90-120 

6 

75-100 

I 10-140 

150-200 


Furnace Atmosphere 

Thre^ types of furnace atmosphere are now recognized: oxidizing^ 
neutral] and reducing. An oxidizing atmosphere has more air than 
is necessary for combustion. A reducing atmosphere has too little 
air for combustion leaving an excess of gas. Complete combustion 
produces a neutral atmosphere, which it is almost impossible to 
maintain. 

An oxidizing atmosphere produces scale and tends to melt this 
scale on the surface of the work which some call “sweating.’’ A 
reducing atmosphere prevents scale at the high temperatures used 
in hardening high-speed steel and is not active in decarburizing the 
surface. In a reducing atmosphere the excess fuel will burn at the 
ports in contact with the outside air. A wood block will char but 
not flame in a reducing atmosphere. 

QUENCHING BATHS 

Still, fresh water is not a good cooling bath. Fresh water dis- 
solves gas from the air. This gas settles on the tool, forming 
bubbles that retard cooling at these points, leaving soft spots on the 
work. Salt in the water prevents the formation of the gas and 
throws the scale better than fresh water, this being its only advan- 
tage. From 5 to lo per cent of salt in a still tank is good for 
quenching tool steel. Temperature should be from 70 to ioo°F. the 
year round. A 5 per cent caustic soda bath is fast and efficient 
but is corrosive to hands and clothes. It is seldom necessary. 

Oil Baths 

Oil baths of many kinds are used for high-speed and other oil- 
hardening steels. It should have a flash point of 35o°F., or higher, 
and low viscosity. It should not have a bad odor. Oil lows 
freely at i4o°F. and quenches well at that point. It is circulated 
through cooling coils where large quantities of work are handled. 
On cold mornings it should be heated to 90 or ioo°F. before using. 
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THERMPMETER CAJLIBRATION 


. SMt Baths, ' ■ 

Sometimes used for high-speed steel. They permit rapid cooling 
to bath temperature and slower rate to room temperature. Must be 
finally cooled below 2oo°F and drawn as in other cooling methods. 

Table 4. — Fixed Points toe Thermometeu Calibeation 
Commonly Used in the Heat-Teeating Depaetment 


Temperature 


Alcohol, ethyl 

Aluminum (Al), pure metal 

Antimony (Sb), pure metal 

Barium (chloride; (BaCl2) salt. . 

Benzene ; 

Cadmium (Cd), pure metal 

Cobalt (Co), pure metal. 

Copper (Cu), pure metal 

Glycerine. 

Gold (Au), pure metal. . — . . . 

Iron (Fe), pure metal 

Lead (Pb;, pure metal 

Mercury (Hg), pure metal. . . . . 
Mercury (Hg), pure metal. .... 

Nickel (Ni), pure metal. 

Platinum (Pt), pure metal 

Potassium nitrate (KNO3) salt. 

Silver (Ag), pure metal. 

Sodium chloride (NaCl) salt — 
Sodium nitrate (NaNOs) salt. . . 
Sodium sulphate (NaaSO^) salt. 
Sulphur (S), amorphous. ...... 

Tin (Sn), pure metal. 

Tungsten (W), pure metal. . . . , 

Water, distilled. 

Snc (Zn), pure metal. 


Lead, 35% Y lowest melting alloy of 
Tin, 65% / these two metals. . . . . : 

} lowest melting 
Sod“m ’ [ mxture of these 

sulphate, S5%y • ■ • ■ ■ • 

A or ] lowest melting mix- 

so%l 



Thermo, 

“P. 

Scale, 

“C. 

Boils 

173-0 

78.3 

Melts 

1218.0 

658.7 

Melts 

1166. 0 

630.0 

Melts 

1760.0 

960.0 

Boils 

176.0 

80.0 

Melts 

624.2 

320.9 

Melts 

2696.0 

1480.0 

Melts 

1983.0 

1083.0 

Boils 

554-0 

290.0 

Melts 

1945.4 

1063.0 

Melts 

2912.0 

1600.0 

Melts 

620.0 

327.0 

Solidifies 

173-0 ! 

78.5 

Boils 

675.0 1 

357-3 

Melts 

2645.6 

1452.0 

Melts 

3191,0 

I 7 S 5-0 

Melts 

642.0 

337-0 

Melts 

1769.0 

960.5 

Melts 

1481.0 

805.0 

Melts 

593-6 

312.0 

Melts 

1623.2 

884.0 

Boils 

833.0 

444.7 

Melts 

450.0 

232.0 

Melts 

7052.0 

3400.0 

Boils 

212.0 

100.0 

Melts 

786.2 

419.0 

Melts 

358.0 

181.0 

Melts 

I I 54.0 

623.0 

Melts 

424.0 

218.0 


llCfl 

.111 
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Air Quenclmig 

Air cooling, recommended for some highly alloyed steels, requires 
a free circulation of air past the steel. A fan blast accelerates 
cooling. Dry compressed air is sometimes used to cool parts 
of the steel rapidly. Moisture in air may crack the steel. 

Do not temper (or draw) tool steel until it has cooled so it can be 
handled. But do not let it get really cold before drawing. Keep it 
warm if necessary, in warm quenching oil. 

Tables. — Deawing Bath Mixtures 

For names of salts designated, see Table 4 


Material 

Melt- 

ing 

Tem- 

pera- 

ture 

Range, 

“F. 

Remarks 

67 % NaNOa 

33 % KNOa 

450 

SOO-IOOO 


so % NaNOa 

SO % NaNOa 

350 

! 3 S 5 -IOOO 


160 % NaCl 

1510 

1515-1830 

Fumes destructive to fire 
i clay 

Naao 04 destructive — use 
metal pots 


100 % NaaS 04 

1535 

1545-1830 

77 % NaCl 

23 % Na 2 S 04 

1340 

1350-1830 

Fumes not to come in con- 
tact with fire clay 

SO % NaCl 

50 % Na 2 S 04 

1157 

1x70-1650 

Lowest melting salt mix- 
ture 

27 % NaCl 

73 % Na 2 S 04 ! 

136s 

1375-1740 

Not corrosive to metal 

106 % KNOa 

650 

655-1200 

Decomposes before boiling 


100 % NaNOa 

590 

600-X200 

Do not overheat 

78 % KNOa 

22 % NaNOa 

490 

S00-X290 

Good temper bath 

54 % KNOa 

46 % NaNOa 

430 

435-1200 

Lowest melting salt mix- 
ture 

23 % KNOa 

77 % NaNOa 

545 

SS 5 -I 200 

Overheating breaks up salt 

100 % Sb 

1x70 

1180-X470 

Cover metal with charcoal 

100 % Pb 

620 

630-1290 

Oxidizes rapidly if over- 
heated 

Good for normalizing 

35 % Sb 

6 s %Pb 

750 

760-1290 

13 % Sb 

87 % Pb 

475 

485-1290 

Lowest melting alloy 

S 5 %Sb 

45 % Pb 

930 

945-1380 

Lighter in weight than lead 



A very good table from which to make up baths for drawing the 
temper follows. See Table 6. 

Sodium cyanide is now used in place of potassium cyanide where 
only a thin skin of hardening, or light case, is desired. It is much 
less expensive than potassium cyanide and equally effective. 

HARDNESS AND TENSILE STRENGTH 

As some hardness specifications refer to tensile strength instead 
of the Brinell or Rockwell numbers, the table on page 1057 will be 
found useful in making comparisons. . 
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Table 6.— Other Baths eor Drawing Carbon Tools 


Composition 
of Bath 

Lead and Tin 

Melting 
Point in 
Degrees 
Fahren- 
heit 

Color of Steel at 
Temperature Given 

Good Temper for 
Carbon Steel 

14 

8 

420 

Very faint yellow 


IS 

8 

430 

Faint yellow 


16 

8 

440 

Light straw 


17 

8 

450 ! 

Straw 

Drills, taps, dies, ream- 

18.5 

8 

460 

Full straw 

ers, punches, and shear 
blades 

20 

8 

470 

Dark straw 


24 

8 

480 

Old gold 1 


28 

8 

490 

Brown 

Cold chisels, large 

38 

8 

Sio 

Brown with pur- 

punches, beading and 
calking tools 

60 

8 

530 

ple spots 

Purple 


9<5 

8 

550 

Deep purple 

Smith’s tools, swages, 

206 

8 

560 

Blue 

hot and cold cutters 

Boiling linseed 

600 

Dark blue 

Boiler snaps or sets, 

oil 

Melted lead 

1 

610 

Gray blue 

stamping and pressing 
dies 


These are used in a similar manner to the hardening baths, select- 
ing the bath which gives the proper drawing temperature. 

USES OF CARBON TOOL STEELS^ 


Carbon— 0.60 to 0.70, — Use where a keen edge is not necessary, 
as for: 

Brick chisels ^ Rivet sets 

Drop hammer dies Setscrews 

Gardening tools Tongs 

Granite wedges Valve links 

Pick points Key steel 

Forge at i6oo®F. Harden at 1410 to i4So°F. 

Carbon— 0.70 to 0.80.— Combines toughness with considerable 
degree of hardness. Use for: 

Anvil faces Pneumatic hammer tools 

Blacksmiths* hammers and tools Shear blades (large) 

Bucket teeth Tongs 

Cold chisels Wrenches 

Logging tools Rivet sets 

Mining drills 

Forge at i6oo®F. Harden at 1400 to i44p®F. 
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Carbon — o.8o to 0.90.— Combines toughness with hardness 


Use for: 

Ball peen hammers 
Beading tools 
Cruciform drill steel 
Hand chisels 
Hot chisels 
Punches 


Pneumatic hammers 
Cylinders 
Quarry drills 
Shear blades 
Spring steel 
Vise jaws 


Forge at i6oo°F. Harden at 1390 to i430°F, 

Carbon — 0.90 to i.oo. — Combines hardness with toughnes*? 
Use for: ® 


Cant dogs 
Cold heading dies 


Machinists' hammers 
Pocket knife blades 


ueauing aies rociset icmte blades 

r orming, punching, and trimming Shear blades (small) 

Spring steel 

Forge at i6oo°F. Harden at 1390 to i43o°F. 

^ Carbon — i.oo to 1. 10.— For tools in which hardness is prime con- 
sideration. Examples: 


Axe bits 
Collets 
Coining dies 
Flat drills 


Lathe centers 
Holders’ tools 
Scythe edges 


Forge at i6oo®F. Harden at 1390 to i43o°F. 

Carbon— 1. 10 to 1.20. — For use where hardness is prime con- 
sideration, Examples: 


Ball bearings 
Cold cutting dies 
Drawing dies 
File cutting chisels 
Plat or twist drills ‘ 
Lathe and planer tools 


Reamers 

Silversmiths' dies 
Taps 

Plug drills 

Woodworking knives 


Forge at isoo°F. Harden at 1385 to i43o'‘F. SmaU tools 
should be treated in Oil. 

Carbon— 1.20 to 1.30. — ^Tools for which hardness or a keen cutting 
edge IS necessary. Examples: ® 


Brass turning tools 
Cabinet hies 
File cutting chisels 
Granite chisels and points 


Reamers 

Stone planing tools 
Wire drawing dies 
Wood turning tools 


Forge at_isoo°F. Harden at 1383 to i43o°F. Small tools should 
be treated m oil. 

^ Carbon 1.30 to 1,40. — For use where a keen edge is of prime 
importance. Examples: ^ 

Boring and finishing tools 
Cutters' 

Wire drawing dies 

iSoo°r. ., Harden at 1385 to i42S°F. Small tools 
Should be treated in oil. 

Heat-Treatment 

pealing.— Carbon tool steel to be annealed should be heated 
uniformly and slowly to 1400 F., and not in ^ect contact with the 


Small tools 
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foe. It should then be buried in air-slaked lime, dry sand, fine 
ashes, or other poor conductor of heat. If the pieces are small, the 
covering material should be heated, or they can be placed while hot 
between two pieces of pine wood and buried as previously stated. 
Do not remove until cold. If the forgings are thick-walled or of 
complicated shape, the best practice after rough machining is to 
quench them in oil from a temperature slightly above the critical 
point and temper them below the critical range, at about i2So°F. 
Final hardening can then be done without distortion. 

Hardening. — Heating for hardening must be uniform, the degree 
to be governed by the carbon in the metal. High-carbon steel is 
heated to a lower temperature than low-carbon steel. If tool steel 
is slightly overheated, let it cool down to a black condition and 
reheat for hardening; never let it cool to the proper temperature 
and then quench. Intricate sections are often hardened in oil, and 
it may be necessary to go from 50 to 100 degrees above the hardening 
temperature proper for water. 


Table 7.— Tempering Table 


Tempera- 
ture for 

I Hour 

Color 

Tempera- 
ture for 

8 Minutes 

Suggested Uses 

; ; ■ P. ' 

C. 


F., 

C. 


37 ° 

188 

Faint 

yellow 

460 

23S 

Scrapers, brass turning tools, 
reamers, taps, milling cutters, 
saw teeth 

! 390 

199 

Light 

straw 

SIO 

26s : 

Twist driUs, lathe tools, planer 
tools, finishing tools 

i 410 

210 

Dark 

straw 

560 

293 

Stone tools, hammer faces, chisels 
for hard work, boring cutters 

430 

221 , 

Brown 

610 

321 

Trepanning tools, stamps 

450 

j: , , , , , , 

232 

Purple 

640 

337 

Cold chisels for ordinary work, 
carpenters* tools, picks, cold 
punches, shear blades, slicing 
tools, slotter tools 

f ,''v' 490 ' 

254 

Dark 

blue 

666 

349 

Hot chisels, tools for hot work, 
springs 

SIO 

265 

Light 

blue 

710 

37b 

Springs, screw drivers 


Note.— It will be noted that two sets of temperatures in Fahrenheit and 
centigrade degrees are shown, one being specified for a time interval of S 
minutes, the other i hour. Articles to be tempered should be placed in the 
bath, the temperature then being brought up to that shown in the table and 
held for the time required. This method gives results far superior to the 
old, and the long draw at the lower temperature will put the steel in the best 
condition of all. 
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HIGH-SPEED STEELS 

These steeb are made by aUoying tungsten, chromium, molvh 
denum, vanadium, and other alloys with steel. These cornnoisitm 
coinpletely revolutionize the points of transformation. OnoS* 
which has a tendency to raise the critical temperature whenS 
to a tunpten steel m the proportion of i or 2 per cent, reduce S 
critical ternperature to below that of the atmosphere Tunvston 
and molybdenum prolong the critical range of temperatures of tS 
coohng so that it begins at about 1300%. and sprLd! 
out all the way down to 600 degrees. 

These steels are heated to 1850 degrees for the molybdenum and 
2350 depees for the tungsten and are cooled moderately fast 
usually m an air blast, to give them the property known as ‘‘red’ 
hardness. This treatment prevents the critical changes altogether 
and preserves the steel in what is known as the “austenitic conT 
tion. The austenitic condition is one of hardness and toughness 
One rule which has given good results in heat-treating these 
Mgh-speed steels^ IS to heat slowly to isoo°F., then heat fast to 
2350 F ; after which, cool rapidly m an air blast to isso°F.- then 
cool either rapidly or slowly to the temperature of the air Others 
advocate cooling in crude oil. '-nners 

Commonly used high-speed steels are known as 18-4-1 and 
18-4-2, composed of x 8 per cent tungsten, 4 per cent chromium, and 

;»t KbSiss™- ““ p« 

ALLOY-STEEL DEVELOPMENT 

stwlskave been developed to meet the needs of modem 
industry whicErequu-ed tougher, stronger, and harder steek tl^^ 
can be obtained m simple carbon steels. The growth of the auto 
mobile has been made possible by this development, wUch % mm 
came to meet the needs of the automobile buildem The aU?; 
steels vary widely in kind of alloy and in the proportion of aUov 
and of carbon content. The special alloy should be chosen to suit 
he particular requirements of each special case, although there 

^gradient . Its Effect 

PprKnri Tlic basis of all steel. 

MM^^ese A strength destroyer. 

Tungsten Adds strength and toughness. 

cEhim ■ Hardener and heat resister. 

SiljpfXT, Purifier and fatigue resister. 

Tkanbim * ‘ * * • ’ • • and hardener. 

Molvbdenum '**•** * * * nitrogen and oxygen. 

Alumvniim * ‘ resister. 

ummum deoxidizes steel. 



are, of course, several alloy steels which will satisfactorily cover 
a large variety of requirements. It must be remembered, however, 
that ho alloy steel is a universal steel and best for all purposes. 

The making of alloy steel requires care since much of its value 
depends upon its being uniform both in physical and in machining 
qualities. 

The various ingredients of alloy steels may be summed up in 
the working of steel as shown in the table on page 1030. 

Functions of Bifferent Elements 

We can sum up the different elements in ordinary alloy steels to 
have the following functions: carbon for hardness and rigidity; 
manganese for toughness; silicon as a sort of adjuster; sulphur and 
phosphorus as lubricants; chromium as a refiner of grain and to add 
hardness to help carbon; nickel as a protecting support of structure 
and as an aid to stability; and vanadium in small doses to act as a 
scavenger — in high percentage it is a great resister of friction. 

In heat-treating alloy steel there are certain factors to bear in 
mind. These factors may vary slightly as to the duration of heat 
limits, but they are always present, and the following points must 
be considered : 

1. We must know the critical points. 

2. We must not fall below high critical point when soaking steel, 

3. Steel of the same analysis must have the same length of time 
for soaking to give uniform results. 

4. Quenching must be done within certain limits of temperature, 
depending on the quality of the work performed, or uniform results 
cannot be obtained. 

5. Tempering heats vary on a io°F. basis; very close heat limits 
must be established for the quality of work desired. 

6. A low limit must be set as to the time necessary for soaking 
at high heat. This heat must not fall below the heat wanted while 
being soaked, for if it does, the timing must begin when this tem- 
perature is again reached. Too long soaking may cause a reaction, 
giving a dry steel with a great drop in elastic strength. 

7. When taken out of the furnace, the work should be buried in 

lime and thoroughly covered with no chance for air pockets. Air- 
cooled steel will contain hard spots on the surface and soft spots in 
the interior. If no information is at hand as to the critical points 
of steel, they can very easily be ascertained by pyrometer or 
magnet methods. ’ 

Critical Temperatures of Steel 

The critical temperatures of steel in heating and in cooling are 
very important. These are called ^^calescent” and ‘‘recalescent” 
and are found by careful use of the pyrometer. The calescent point 
can be determined by use of the pyrometer by closely watching 
its needle. The thermocouple, or fire end, should be inserted in 
the steel. Drill a hole in the piece to take in the fire end of the 
thermocouple. As the heat advances, the needle will follow until it 
reaches a point where it suddenly stops, wavers, and then suddenly 
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drops several degrees, although the heat is constantly advanrin,,. 
tten the needle will again sudde^y commence its upward swSI’ 
w kw%riticai! point.**^ Its upward swing and rests is the calescencfi 

Now reverse the operation. Heat beyond the critical 
and shut off the fuel and watch for the same phenomena Tho 
needle will faU with heat, suddenly stop, then aSce sevS 
degrees, when it again starts to drop for good. This unner 
is caUed the “recalescence” point. “ ^tus upper change 

You can also test with an ordinary horseshoe magnet Tonrt, 
u!?.* f .P^giiet during heating, and the temperature S 
which the steel fails to attract the magnet or, in other words loses; ita 
magnetism is the point of calescence, or critical point. ’ ^ 

Even Heating Necessary 

Strains in steel are very often caused by having no heat circulation 
about ^e work, particularly when heating in furnace, by work 

Circulation of heat is necessarv 
forlted^Mom?"*^ “ ^ pieces or strips on raised plx- 

The furnace should be “balanced”; in other words, the heat 
must be evenly d^tributed; in fact, several firing ends should be in 
the furnace at all times, connected by a switch to the same pyrometer 
ture limits^ ^.gent should also be kept within very close tempera- 

Colors of Heated Steel in Diffused Daylight 

* of America^‘“® Vanadium Corporation 

Dark blood red ofbkck red 

Dark red, blood red or low red . ' ' * ’ loro 

Dark cherry red 

Medium cherry red •■•••• /a 

Cherry, full red 

Light cherry, bright cherry, *scaling heat . icm 

balmon, orange, free scaling heat. . . ...... i6ro 

Light salmon, light orange. " ' 172,- 

Yellow. ...... . 

Light yellow 1 ’ * * “ ’ tq7< 

'>• * Scaling heat; Scales just form but do not fall away when cooling, 

EngHsh Suggestions on Hardening High-Speed Steel 

The Sheffield Twist Brill and Steel Company, Ltd., very large 
users of high-speed steels, give general directions as follows: 
r orgmg. Heat the steel as slowly as possible to Sko°C,, and then 

l°S° to iroo-'c., ensuring even 
; heat before working. Care must be taken not to work the steel 
: below a red heat or 
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Annealing.— Heat slowly to a temperature of 850 to goo^C., and 
maintain this heat until the steel is uniformly heated throughout. 
Then alow the steel to cool down very slowly inside the furnace. 

Hardening. — Preheat slowly to 850 to goo^C., then raise the heat 
rapidly to 1250 to i300®C. Quench in air or oil. 

Tempering or Secondary Treatment— After the steel is copied 
from hardening, reheat to a temperature of 560 to 6io°C. It is of 
the utmost importance that the tempering temperature should be 
within the above range. 

Magnetic Superhardening 

Edward G. Herbert of England has found that steel may be 
superhardened by placing the hardened surface across the poles of a 
powerful electromagnet, tapping it lightly, and turning the piece to 
different angles. This is particularly effective in steel that has been 
surface-hardened by the cloudburst method. It is not known to 
what extent this method has been put into practical use. 

Cloudburst Hardening 

This method of raining balls on a metal surface is also used to 
harden it by the cold-working process. The drop is so adjusted as 
to just mark the surface and the piece subjected to a rain of blows 
for a short period till the surface is thoroughly cold-worked. The 
height of the drop is then increased and the process repeated to 
promote hardening without damage to the metal. This is repeated 
until desired results are secured. 

STELLITE 

Stellite was originated and developed by Elwood Haynes. It 
is composed principally of cobalt and chromium with a small 
amount of tungsten. It is not a steel, as it contains practically 
no iron. 

One of the most remarkable properties of stellite is its ability 
to retain a cutting edge at high temperatures. This permits higher 
cutting speeds than are possible with steel tools. Stellite tools 
are made in different grades for various kinds of work. Tools are 
cast close to size and finished by grinding. Turning tools are made 
by brazing stellite tips on steel shanks, which should be large 
enough to prevent springing. In milling cutters, stellite teeth are 
held in a steel body and should be well supported. Stellite tools 
work equally well when hot. Sudden cooling causes checks and 
should be avoided. 

The quality of red-hardness makes steUite particularly useful 
for wearing surfaces subjected to high temperature. Inserts having 
a face of stellite are being used for valve seats in internal-combustion 
engines. ■ 


Chip wear on boring bars and tool blocks can be greatly reduced 
by applying stellite or other wear strips near the cutters to prevent 
ships from cutting the bar. 
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Table 8. — Carpenter Stainless Steels 


Analysis: Groups A and B are primarily straight 
chromium steels. Multiply the percentage of 
carbon in the steel by 17. Subtract this from 
the percentage of chromium in the steel. If the 
result is less than 12.5 per cent, it is Group A; if 
greater than 12.5 per cent, it is Group B. Either 
group may contain small percentages of copper, 
nickel, silicon, molybdenum, sulphur, etc., for 
special purposes 

Contains at least 24 per 
cent of chromium and 
nickel combined. Nei- 
ther chromium nor nick- 
el should be less than 

8 per cent. May con- 
tain small percentages 
of other .elements for 
special purposes 

Magnetic Properties: 
This group is magnetic 

This group is magnetic 

This group is nonmag- 
netic 

Heat Treatment: 

Respond to hardening 
and tempering like 
ordinary steels. 

Resulting physical 
properties depend 
largely on carbon 
content 

Do not respond to hard- 
ening by heat-treat- 
ment # 

Do not respond to hard- 
ening by heat-treat- 
ment 

, ' ■ ' 

Toughness: 

Are structurally de- 
pendable. Are not 
brittle in sharp- 
notched sections or 
under impact 

Have low impact resist- 
ance in notched sec- 
tions 

Extremely tough at all 
times. Thoroughly de- 
pendable for any type 
of shock service within 
the capacity of their 
strength 

Grain Growth at High 
Temperatures: 

Not subject to exces- 
sive grain growth at 
elevated tempera- 
tures. Remain 
tough at all tem- 
peratures up to 
1400 ®P. 

, 

Prolonged exposure to 
elevated temperatures 
usually causes excessive 
grain growth and brit- 
tleness 

Grain growth is rapid 
above i8oo®F. Cau- 
tion must be used for 
operating temperatures 
between 800 and 
ISOO°P. 

Hot- working Properties: 
Readily forged , 
pierced, or rolled 

Readily forged, pierced, 
or rolled 

Readily forged, pierced, 
or rolled 

Air Hardening: 

This group air-hardens 
from above isoo°P. 

Do not appreciably air- 
harden 

Do not air-harden at all 

Cold- working Qualities: 

Can be cold-drawn in- 
to wire, cold-rolled, 
bent, formed, upset, 
coined, and deep- 
drawn 

Can be cold-drawn into 
wire, cold-rolled, bent, 
formed, upset, coined, 
and deep-drawn 

Can be cold-drawn into 
wire, cold-rolled, bent, 
formed, upset, coined, 
and deep-drawn. Work 
harden twice as rapidly 
as Groups A and B 
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Table 8 .— Gaepenteb Stainless ^TmL^{Continue^ 


Group A 

Group B 

Group C 

Machinability: 

Machine satisfactorily 
with properly de- 
signed tools. High- 
sulphur types ma- 
chinelike Bessemer 
screw stock 

Machine satisfactorily 
with properly designed 
tools 

Difficult to machine. 
Become free-machining 
when sulphur or seleni- 
um is added to the 
analysis 

Riveting: 

Make excellent cold 
rivets. Not recom- 
mended _ for hot 
rivets driven above 
iSOo"F. on account 
of air-hardening 

Owing to low impact 
values, special precau- 
tions are necessary 
when used for rivets 

Excellent for either hot 
or cold rivets. Hot 
rivets should be heated 
all over to at least 
i 8 oo°F. 

Welding: 

Can be welded with 
gas, electric arc, or 
resistance. Weld 

air-hardens. No 

grain growth. Free- 
machining types are 
not recommended 
for welding 

Can be welded with gas, 
electric arc, or resist- 
ance. ^ Grain growth 
and brittleness may re- 
sult 

Easiest group to weld. 
Welds are tough. Cor- 
rosion resistance may 
be badly damaged by 
welding. Free-machin- 
ing types are not re- 
commended for welding 

Corrosion Resistance: 

Very satisfactory for i 
resisting weather, 
water, and some 
chemicals 

Better than Group A 

Better than steels of 
equal chromium con- 
tent in Group B 

Scale Resistance: 

Recommended for 

continuous service 
up to 1 200 “P. 

Better than Group A. 
Useful temperature in- 
creases with the per- 
centage of chromium 

Better than steels of 
equal chromium con- 
tent in Group B 

Strength at High Tem- 
peratures: 

Has better strength 
than carbon steel 
up to I200®F. 

Better than Group A 

Best steels available are 
of this group 


Stellite is also used for facing the cutting edges of dredge buckets 
and other implements subject to wear from abrasion. Metal- 
cutting shear blades are also faced with stellite to increase the wear 
life. In such cases the facing material is usually deposited by the 
oxyacetylene process, using a flame with an excess of acetylene. 

COBALT TOOLS 

In forging high-cobalt steel it must be heated slowly to a scaling 
heat, lemon color, 1 800 to 2 ioo°F. Forging at too low a heat causes 
cracks. With the shank and the tip machined ready to braze, the 
tip should be slowly preheated to about isoo°F, then put in the 
heating furnace and brought up quickly to 2300 or 2375"F., brazing 
the tip at the same time. Cool it in air to about 220 degrees and 
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draw immediately to 750 to 850 degrees for at least an hour after 
the steel has reached this temperature. From I to inch must 
be ground from the cutting profile to remove the decar Wized 
surface. This must be done wet, with a fast cutting wheel, as 
heating the tip in grinding produces cracks. 

Stainless Steel 

Stainless steel contains chromium of at least 12 per cent and up to 
30 per cent in Type 446 of Republic Steel Corporation. The name 
“stainless” was originally patented by the Firth Company of 
England, but similar steels are made with other trade names. It 
is used for turbine blades, cutlery, thin sheets for airplanes, and 
other uses where resistance to corrosion is important. Care must 
be used in forging to prevent stresses due to unequal cooling. High 

Table 9. — Typical Heat-Treatment of Stainless Steels 


Brand Type Analysi 

Name 

C. Cr. Ni. 

s 

Forging . 
Heats, 
Heats, 
Degrees 
Fahren- 
heit 

Annealing 

Treat- 

ment, 

Degrees 

Fahren- 

heit 

Harden- 
ing Treat- 
ment, 
Degrees 
Fahren- 
heit 

Drawing 

Range 

Carpenter 0 . 10 
Stainless 

No. I 

II. SO 

to 

13. 00 



2100 cool 
in air 

13 SO cool 
in air 

1700 to 
1800 
quench 
in oil 

400 to 

1300 

Carpenter i . 10 
Stainless 

No. N-i 

13.00 

2.00 






Carpenter 0 . 30 
Stainless in 
No. 2 

13. OQ 



2100 cool 
slowly 

1450 cool 
in 

furnace 

182s 
quench 
in oil 

300 to 400 

Carpenter i . 00 
Stainless 

No. 2-B 

17.00 



2000 cool 
slowly 

1600 cool 
in 

furnace 

1900 
quench 
in oil 

300 to 400 

Carpenter 0 . 30 
, No. 3 

20.00 

— 

Cu 

i.ool 

2100 cool 
slowly 

IS SO cool 
■ in 
furnace 

Will not 
harden 


Carpenter o.io 
Stainless 

No. 4 

18.00 

9,00 


2100 cool 
in air ' 

18OQ to 

2100 
quench 
in water 

Hardens 
only by 
cold 
work 


Carpenter o.io 
Stainless 

No. s 

14. 00 


S 

0.30 

2100 cool 
in air 

1300 cool 
in air 

182s 

quench 
in oil 

400 to 
to 1300 

Carpenter 0 . 10 
Stainless 

No. 6 

17.00 



2100 cool 
in air 

I 3 SO cool 
in air 

Will not 
harden 


^ Carpenter 0,10 
Stainless 
: ' No. 8 

18.00 

9.00 

Se 

0.25 

2100 cool 
in air 

1800 to 
2100 
quench 
in water 

Hardens 
only by 
cold 
work 
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polish Mps to resist corros^to^ It is made in various grades to 
suit different requirements, some grades being easily machined. 

Forging of stainless steel is done at about 2;ioo°F., cooled slowly 
in air. Annealing temperatures recommended by Carpenter Steel 
Company vary from 1300 to 2ioo°F., depending on the amount of 
chromium, 1350 to isoo°F. being more common. Some of these 
steels will not harden. Others heated from 1700 to ipoo^F. will 
harden in oil. Drawing temperatures vary from 400 to i3oo°F. 
Pack hardening is not recommended. Stainless steel can be 
melted except in open fire, and also brazed and soldered. 

Chromium is added to steel to make it nonrustable by weather. 
Other elements are added for various reasons, but all stainless 
steels, according to the Carpenter Steel Company, fall into three 
groups which are called A, B, and C. The characteristics of these 
steels are tabulated, as are suitable heat treatments, in Table 8. 

Highly polished steel of any kind resists corrosion better than a 
rough surface. 

Annealing Temperatures 

Stainless Steels Temperature 

10 to 13 per cent chrome. ..... Heat to i6so®F.j furnace cool to 

iioo°F. 

14 to 23 per cent chrome Heat to 1450 to i5oo°F.; air cool 

.10 per cent carbon — 18 per cent 

chrome (known as 18-8) .... Heat to 1900 to 2ioo°F.; cool 

rapidly 

Stainless steels are made in various grades. Some will not 
harden, others only harden by cold-working. Several harden by 
heating from 1700 to i9oo°F. and quenching in oil. Makers 
instructions should be followed. 

Heat “Treatment of Spring Steel 

The following heat-treatment for springs has been recommended 
by the American Society of Steel Treaters. The steels referred to 

Heat-Treatments eor Leae and Coil Springs 


: . 1 

Steel 

Normalizing 
Tempera- 
ture, 
Degrees 
Fahr. j 

Hardening 

Tempera- 

ture, 

Degrees 

Fahr. 

Approxi- 

mate 

Tempering 

Tempera- 

ture,* 

Degrees 

Fahr. 

Brinell 

Hardness 

Number 

c.... 

1575-1625 

1525 

600-950 

352-415 

Cr... 

1600-1650 

3:52s 

650-950 

363-444 

CrV. 

1600-1675 

1550-1600 

675-975 

363-444 

CrMo, ........ . . 

1600-1675 

1550-1600 

675-975 

363-444 

CrSiMn 

1600-1650 

1600-1650 , 

675-975 

363-444 

SiMn.... .^ 

1600-1650 

1600-1650 

650-950 

. .'I 

363-444 


* The tempering temperatures are to be used only as a guide in obtainin- 
the Brinell hardness numbers given in the table. 
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are C, carbon; Cr, chromium; GrV, chrome-vanadium; CrMo 
chrome-molybdenum; CrSiMn, chrome-silicon-manganese; SiMn’ 
silicon-manganese. ’ 

The steel is normalized when considerable machining is required 
when severe cold-working is to be done or when the product has 
been subjected to localized heating at several places for the purpose 
of forging. The normalizing temperatures are given in the table 
on page 1037. 

CARBURIZING 

Case hardening, carbonizing or carburizing, is largely used so 
that the outer shell can be made hard enough to resist wear, while 
the core of the piece can be left soft enough to withstand the shock ! 

strains to which it is subjected. • 

Case hardening is, in reality, the quenching of the metal after its 
surface has absorbed carbon so that it hardens on being quenched 
suddenly. Generally speaking, carbon is absorbed from bone 
leather or similar materials, while the low-carbon steel is properly 
packed and heated. Another method allows the carbon to be 
absorbed from gas instead of from solid materials. 

The result of the carburizing operation is determined by five 
factors, which are as follows: First, the nature of the steel; second 
the nature of ^ the carburizing material; third, the temperature 
of the carburizing furnace; fourth, the time the piece is submitted 
to the carburizing process; fifth, the heat-treatment which follows 
carburizing. 

If the steel used has a carbon content up to 56 points, the rate of 
penetration in carburizing is practically constant; but the higher the 
carbon content is in the core, the more brittle it becomes by pro- 
longed annealing after carburizing. Therefore, it is necessary that 
the carbon content should be low in the core, and for this reason a 
preference is given to steels containing from 15 to 20 points of 
carbon for carburizing or case-hardening purposes and the carbon 
brought up to 80 or 85 points. Tool steels may be carbonized up to 
250 points, a point is o.oi of 1 per cent. ‘ 

Manganese, chromium, tungsten, and molybdenum increase the 
rate of penetration. Nickel, silicon, titanium, and aluminum retard j 
the rate of penetration— 5 per cent of silicon reducing it to zero. 

The Carburizing Materials ^ 

The nature of the carburizing materials has an influence on the 
speed of penetration, and it is very essential that the materials be of 
a known chemical composition, as this is the only way to obtain like 
results on the same steel at all times. 

These materials or cements are manufactured in many special 
and patented preparations. The following materials are used and 
compounded in these preparations, bqt many of them give as good 1 
results when used alone as when compounded with others in varying 
percentages: powdered bone; wood charcoal; charred sugar; charred 
leather; potassium cyanide; potassium ferrocyanide; bichromate; | 
animal black, acid cleaned; prussiate of potash potassium; anthra- I 
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cite; mixture of barium carbonate; graphite; petroleum gas; 
acetylene; horn; etc. 

Sodium cyanide is being used in place of potassium cyanide as it 
is inuch cheaper. The following mixture makes a cheap and efficient 
case-hardening bath: sodium cyanide, 3 pounds; sodium chloride 
(common salt), 3 pounds; and soda ash, 4 pounds. 

Wood charcoal is very largely used in carburizing steels, but the 
value of tliis material varies with the wood used, the method 
employed in making the charcoal, and other factors. Used alone it 
gives the normal rate of penetration for the first hour, but after that 
the rate gradually decreases until at 8 hours it gives the lowest 
rate of penetration of any of the carburizing materials. The best 
wood charcoal is that made from hickory. 

Powdered charcoal and bone give good results as a carburizing 
material and are successfully used in carburizing nickel-chrome 
steel by packing in a pot and keeping at a temperature of about 
2ooo°F. for 4 hours, and then cooling slowly before taking out the 
pot or uncovering it. Pots are made of cast iron, nichrome, or 
other heat-resisting alloys. 

The General Motors Company specifies that carburizing material 
be made from charcoal, coke, and carbonate energizers. Hardwood 
charcoal must be used, and it must pass through a f -inch sieve, 
Wt not through a -l-inch mesh. Coke is of Solvay process or equiv- 
alent and of same size as charcoal. 

Two compositions are used: 



G. M. C. 2002 M 

G. M. C. 2001-M 


Not over 25 per cent 
3 to s per cent 
3 to 5 per cent 
5 to 7 per cent 
Not over o.s per cent 
Not Over 4 per cent 
Balance 

Not over 25 per cent 

8 to 12 per cent 

Sodium carbonate 

Calcium carbonate 

Barium carbonate. ........ 


Total sulphur 

Not over 0.25 per cent 
Not over 6 per cent 
Balance 

Moisture, 

Charcoal and binder. ...... 

Inorganic matter, exclusive 
of carbonates 

Not over 8 per cent 


Not less than 97 per cent of mixture must pass through a 0.371- 
inch opening, and not over 5 per cent through a 0.131-inch screen. 
The shrinkage by volume shall not be over 25 per cent on a 6-hour 
run at i7oo®F. 

Automatic Carburizing 

Packard has two heat-treating units for automatically carburizing 
transmission gears and other parts at the rate of 720 sets in 24 hours 
in each unit. Transmission gears are carburized to a depth of 0.035 
to 0.040 inch on the pitch line. Ring gears have an effective case 
of 0.045 to 0.050 inchbn the pitch line. Some are made of S.A.E. 
4620 nickel-moiy^bdenum, and others of 3115 chrome-nickel steels. 
Parts are carburized at i68o°F,, and transmission gears are drawn 
to 435 °F* 
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Temoerature Charcoal 6o 
in Degrees 


Materials XJssd and Rate oy PsNSTRATioN in Inches 


m Degrees 
Fahrenheit 
for Eight 
Hours 


Per Cent -f 
40 Per Gent 


40 Per Gent "i" 

of Carbonate Cent 

of Barium 01 Bichromate 


Ferrocyanide 

66 Per Cent -f Ferrocyanide 
34 Per Cent Alone 


Powdered 
Wood Char- 
coal Alone 


^ Chapmanizing 

Chapmanizing is a process of surface hardening that uses a liauid 
bath to convey tte, necessary beat and active nitrogS di^rect o 
the metal Any type of steel, malleable or cast iron, may be smfaro 
hardened by this method. Any depth of case from 0,002 to o w 
inch can be secured. Lower temperatures can be used than in 
A ^”^1, required than by some carburizinff 

“a.E LoVea” gi-es a^o.030-inch ca^lf 

Colors in Case Hardening 

_ Wrenches and Other work of low-carbon steel may be ca^^e 

f-™,® attractive coloring or 

^mottling by exercismg a little care in the process. The work 
clean and free from grease, and should be nicely 
pohshed. Unless this is done, bright colors cannot be secure/ 

^^st be thoroughly charred 
^ covering it tightly in iron boxes and placing 

it wifi ^eat is going down. If too hof 

it will burn instead of charring. ' 

The work should be even more carefully packed than for case 
hardening without rolor, leaving more space between the wort; 
ttf» ^® The degree of heat and 

but depend on the size of the work 

but, generally speaking, a cherry red is correct. The main thine’ 

i^monllwf 7®^ ^®^*- “ is t°o |?eat it fs 

impossible to receive a good color or any color. 

^ ne work must be dumped without exposing it to the air Tt 

beneath^he sfrfLe of 

m pieces as they are dumped. The water 

^ould be soft for best results and should be kept in motion 

Moueh trill’ wlu'ne, or the water should change often 
quickly. A stream of air blowing through 
^alTtitc ^ Iieips to agitate it and to secure good coloriim. 
Small lots, of course, do not require so large an amount of water.^ 
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The dumping of the work must be carefully done. The box 
should be held close to the water and dumped quickly. Should the 
: air strike the work before it is quenched, it is almost sure to turn 

black or blue-black and be streaky. 

After cooling, the work is taken out, separated from the bone, and 
boiled in clean water. It is then dried in sawdust and oiled slightly, 
which brings out the colors and prevents tarnish. 

Further coloring may be done by tumbling the work in a barrel 
until the work is thoroughly polished. It is then placed over a gas 
flame or other source of heat and drawn to the desired color, much 
as we draw the temper on hardened steel. The articles are then 
plunged in cold water, dried in sawdust, and oiled. Combustion of 
the fire used must be good, as any gas given off affects the color. 

Use of Bone and Charcoal 

Case hardening with granulated raw bone is a common practice 
in many large manufacturing plants. Bone which is hard and 
flinty, such as that which comes from the skin bones of animals, is 
considered better than soft, pithy, and greasy bone, p there is no 
waste. Good bone can be used over and over again by adding 
fresh stock to it in about the proportion of i : 2 or 1:3, In other 
words, use two or three parts of old bone to one part of new raw 
bone.' ' 

Raw bone is usually white and burns black when first used. As 
it loses its carbon, it becomes lighter, and when it burns white, it is 
of no further value for case hardening. Some raw bone, on the 
other hand, is quite dark, and only experience with the various 
materials wiir make a person familiar with the best mixtures to 
use for different purposes. ■ 

Some case hardeners secure good results and economize on the 
use of bone by mixing one part of raw bone with three parts of 
pulverized charcoal. The mixing should be thorough with a little 
charcoal dust sprinkled over the top. 

Where the tendency of case hardened work to scale is objection- 
able, a thin layer of charred leather next to the work will help, to 
check the scaling. 

1 Carburizing Large Flat Work 

The larger the piece, the more bone should be used in packing it 
I for carburizing. With a disc approximately 4 inches thick and 24 
inches in diameter, the lower layer of bone should be from 4 to 5 
inches thick and the same distance allowed all around the disc. 
The side to be hardened should be placed down and the top covered 
to about the same depth as the bottom, the cover then luted in 
place. 

‘ A piece of this size will probably require S or 10 hours’ soaking 

, at a bright cherry red; it should not be heated above this tempera- 
ture on account of the increased tendency to warp. This tendency 
can also be overcome by dipping edgewise into a large body of cold, 
running water so as to remove the heat quickly. Salt water is also 
advised in dipping heavy work, as it conducts the heat away more 
rapidly than fresh water. 
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Sometimes a mixture of half charcoal and half used bone h 
with low-carbon steel. This will not recarburize much more tlinn 
5 per cpit, or about enough to maintain the original amount nf 
carbon in the steel. m 

Small or thin iron castings can be annealed by packing in a racf 
iron pot or box with a mixture of bright cast-iron turnings or 
filmgs and pulverized charcoal. Use about half charcoal and half 
turnings or filings. Put a layer of the mixture between the castin^cj 

P^^vent warping and to allow them to heat more evenly ■ 

Heat to a cherry red and hold this heat for from 2 to hourci 

The castings must be left in the pots to cool off . 

Sizes of Granulated Bone 

^ The Rogers and Hubbard Company give the following list of 
sizes of granulated raw bone: ^ ^ 

^ No, I. Will not pass through smaller than J inch square mesh 
m screen. Best for heavy work. 

No. 2. Mesh I inch square. 

No. 3. Mesh J inch square. 

Nos. 2 and 3. Best for bicycle, fire arms, sewing machine, and 
general machine work. ’ 

No, 4. Mesh xV inch square. Good for small work, such as 
small screws, etc. ^ 

woS^* ^ inch. Used only for the very finest 

NITRIDING STEEL 

The nitriding process consists in the subjection of special allov 
steels to the action of ammonia gas at a suitable temperature 
producing a hard, wear-resistant surface, similar to that produced 
in case hardening, but more easily obtained and of greater hardness 
The surface produced is free of scale, of attractive appearance, and 
requires no after treatment. Hardening of certain sections only 
is ^sily accomplished by any one of several methods. 

The steels best suited to case hardening by ammonia are those 
containing 0.75 to 1.25 per cent aluminum and i.oo to 1.50 per 
cent chromium, with 0.20 per cent molybdenum added to give* 
greaterToughness to the case and core. These steels are manu- 
factured under the name **Nitralloy” in carbon contents ranging 
from 0,20 to 0.40 per cent. 

Parts to be case-bardened are first machined slightly oversize. 
Ihey are then heat-treated and afterward machined or ground to 
the hmsh size m order to remove the skin of decarburized material 
and provide a clean surface. They are then placed in a suitable 
turnace m an atoosphere of ammonia and heated to a temperature 
of 900 to rooo F., 975 F. being the most common. They are held 
in the furnace from 2 to 90 hours, depending on the depth of case 
desired, and are then cooled in the furnace, the ammonia atmos- 
phere being maintained. Upon removal from the furnace, they are 
hard pd may be put m service without further treatment. 

H IS necessary to remove all decarburized material from the 
surface before mtndmg. Strains should be removed from all 
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parts to be nitrided by drawing at temperatures equal to or higher 
than the nitriding temperature. A slight growth, amounting to 
0.001 inch or less, takes place on nitriding. The hardness, equiva- 
lent to 1000 to 1100 Brinell, is greater than that obtainable by any 
other treatment. The low temperature used gives low-fuel con- 
sumption and easy control, as well as long furnace life. The low 
temperature also eliminates distortion if the parts are properly 
drawn before nitriding. Besides great hardness, the nitride case 
shows remarkable resistance to corrosion, 

CASE-HARBENING CAST IRON 

A bath recommended for hardening cast iron for various reasons, 
such as gaging or locating points, is made up of 16 ounces of sul- 
phuric acid, I ounce of nitric acid, and ij gallons of water. The 
piece is heated to a bright red and quenched in the mixture. 

SELECTING THE PROPER TEMPERATURE FOR 
QUENCHING 

A hardening process that will produce a steel that is as homo- 
geneous as possible is always sought for in practice. ^ This is easily 
obtained in a high-carbon steel, and especially if it contains 85 
points carbon, by passing the recalescent point before quenching. 
The desired homogeneity is not so easily obtained, however, in the 
low-carbon steels, as they have several points of transformation. If 
[ these are quenched at a point a little above the lowest point of trans- 
! formation, the carbon will pass into solution, but the solution is not 
I homogeneous. To obtain this result it is necessary that the quench- 
! ing be done from a little above the highest point of transformation. 
This is higher in the low- than in the high-carbon steels. In prac- 
tice, this calls for a quenching of the low-carbon steels at about 
i6so°F., while a high-carbon steel should be quenched at about 

I45o°F. 

Testing Pyrometers 

Pyrometers can be tested by placing some common salt in an 
iron box and heating until it melts. Put the pyrometer in the 
molten salt, and, if correct, it will register 1441 °F. 

, A very convenient table of Fahrenheit and centigrade thermome- 
ter scales is given on pages 1023 and 1024. 

I AUTOMOTIVE STEELS 

The engineers of the automobile industry have developed a 
number of steels and heat- treatments that are equally useful in 
many other lines of work. These steels are designated by numbers 
with S.A.E. before them, meaning the steels have been approved 
and recommended by the Society of Automotive Engineers. The 
most commonly used steels are given herewith. The uses and heat- 
treatments follow. 

The S.A.E. Numbering System 

I The S.A.E. Standard System, was developed by the Society of 
i Automotive Engineers, Inc., to provide a simple means of indicating 
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the chemicd composition of the various steel grades in more 
mon use. The system is based on the use of nWbers composS^f 
four or five digits, and certain letters used as prefixes 
digit of the sMndard number indicates th? ^ 

particular steel belongs. Thus i indicates a carbon steel , 
nickel steel, 3 nickel-chromium steel, 4 a molybdenum steel’ pIp* 
In lie case of the alloy steels, the second digit, and sometime’s the 
tod, usually mdicates the approximate percentage of the princinal 
aUoy; m to case of simple aUoys, the alloy from which the stSl i! 
named. The final two (sometimes three) digits indicate to 
^rbon contot in “pomts,” or one-hundredths of 1 per S 
l.hus, 2320 mdicates a nickel steel of approximately 3 per cent 
mckel content (3.25 to 3.7s per cent) and 0.20 per cent aveuee 
carbon 0.15 to 0.25 per cent); 32100 indicates a chromium stetof 
more than i per cent average chromium content (1.20 to i co 
cent, as compared with 0.60 to 0.90 per cent or 0.80 to 1. 10 per emit 
for the 5100 senes) and i.oo per cent carbon (0.95 to i.io per centV 
while 71360 mdicates a tungsten steel of 13 per cent tungsten content 
(12 to 15 per «nt) and 0.60 per cent carbon (0.50 to 0.70 per cent) 
several instances to indicate ^riations 
m the range of sulphur, manganese, and chromium, and the prefix 

1 IS used with manganese steels to indicate a higher ranse of 

msmganese than that found in steels of the X1300 series. ^ 
Basic numerals of the system are: 

Carbon steels — fi^rst digit — i : 

Plain carbon. 

Free cutting (screw stock) .. . ... !..!!. . * * U ’ ' 

Free cutting (manganese). .. . ............ . . . Xi? ' 

High manganese Tit ’ 

Alloy steels — ^Nickel-first digit--T2 : *•“' 0 

0.50 per cent nickel. 20 

1.50 per cent nickel. . ' * ' * ' ’ * ’ ^ ’ 23. " 

3.50 per cent nickel, ' ’ 

5.00 per cent nickel ^ ! It 

Nickel-chromium — first digit— 3 : • • • ■ . 3 

1.25 per cent nickel, 0,60 per cent chromium 31 

1.75 per cent nickel, i.oo per cent chromium * 32 ' ‘ 

3.50 per cent nickel, 1.50 per cent chromium. . . ' ' 33 ' ‘ 

3.00 per cent nickel, 0,80 per cent chromium. . . 34 

Corrosion and heat resisting (stainless). . . . ’ 

Molybdenum— first digit— 4: - •••••3 

Chromium-molybdenum. . . . . , . ...... . . .... . , 

Chromium-nickel-molybdenum. . . . ’ , . 42 

Nickel-molybdenum. . . ' . ’ * ' ’ ^5 

and 48 

Chromium — first digit— 5: ^ ^ - 

Low chromium (up to i.io per cent) 31 

Medium chromium. . . , . . . i . . . . ... ■ ' ^2 

Corrosion and heat-resisting (stainless) 51 ! ! 

(o. 80 to I . I o per cent chromium) 61 . . 

Q.,. and 7? ;; 

buico-manganese ' 


w 
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Stmnnary of S.A.E. Steels and Their Uses 

S A,E. steels loio, lois, XioiS, 1020, and X1020 are carburizing steels for 
which ’various heat-treatments are used. A typical treatment is: Carburize 
at 1650 to itoo^F.; quench direct; temper to 250 or 32S*P. 

No. 1020,— Used for piston pins, cam shafts, drag links, clutch fingers, etc. 
No. 1030. — Machines well and is used for seamless tubing, key stock, 

' shift and brake levers, shift forks, etc. It is quenched in water from IS75 
to i6so°F. and tempered to required hardness. 

No. 1035. — Largely used for wire and rods for upsetting cold. 

No. 1040. — Is also used for tubing and crankshafts, connecting rods, axles, 
spring clips, brake levers, studs, and similar parts. 

" No. 1045. — Crankshafts, starter ring gears, axle and spline shafts. 

No. 1050. — A medium-carbon steel for larger sections than No. 1045. 

No. io5S*“”A hard-drawn, oil-tempered wire for general coil spring work. 
No. XioS5*-™-Snap rings, cushion springs, lock washers, etc. 

No, 1060. — Snap rings, valve springs, cushion springs, clutch springs. 

Nos. io6s and Xio6s. — For hard-drawn spring wire. 

No. 1070. — Cold-rolled or planished for clutch discs and plow beams. 

No. 1075. — Agricultural industry for cultivator discs and plows. 

' No. 1080. — Also agricultural machinery. 

No. 1085. — Bumper bars, clutch discs, leaf springs, and mower knives. 
Nos. 1090 and 1095. — Carbon steel balls, bumpers, keys, coil springs. 

Free-Cutting Steels 

No. 1 1 12. — Screw stock; studs, screws and automatic products. 

Nos. ms and 1120. — Open hearth screw stock. Does not machine so 
well as No. 1112, but stronger and better for carburized parts. No. 1120 
likely to be discarded soon. 

Nos. X1314 and 1315* — Good general purpose for carburized parts, 
f Nos. X1330, X1335, and Xi 3 40.— -Free-cutting, hardening steels for many 

I purposes. 

Manganese Steels 

Nos. T1330, T1335, T1340, T134S, and T1350.— ^Used in same way as 
other medium-alloy steels with same carbon. Primarily oil-hardening steels 
and care must be taken in using water. 

Nickel Steels 

No. 2015. — Used as substitute for carburizing carbon steels. 

I No. 2115. — Carburizing grade of 1 1 per cent nickel steel. 

No. 2313* — When used for accurate gears, it should be normalized before 
carburizing to reduce distortion. 

INfo. 2320.— -Machines better than No. 2315. 

Nos. 2330 and 2333. — Used for strength and toughness, such as keys, 
heat-treated bolts, studs, and similar parts. 

Nos. 2340 and 2345. — Propeller shafts, spline shafts, axles, etc. 

No. 2350. — ^Used primarily for oil-hardened gears. 

Nickel- Chromium Steels 

f Nos. 3115 and 3120.— -Ring gears, pinions, transmission gears, piston pins. 

I Nos. 3125 and 3130!.-— Steering arms, cylinder studs, rod bolts, etc. 

Nos. 3135 and 3140.— Crankshafts, axles, spline shafts, etc. 

Nos. 3215 to 3250* — -For harder service than the No, sioo's. 

Nos. 3312 to 3340. — For still harder service than the No. 3200’s. 

Nos. 3315, 343$, and 3430. — Rear axles and gearing for heavy bus and 
work truck. 

I Molybdenum Steels 

Nos. 4130 to 4820,— Used by some for truck and bus work. 


Chrome-Vanadium Steels 

Nos. 61 1 5 to 6i9S-"-^Used with various heat-treatments for same parts as 
other alloy steels with similar carbon content. 

Nos. 9255 and 9260. — Silicon-manganese steels mainly for leaf springs. 
Nos. 30905 and 30913. — An 18-8 stainless steel, tough and stringy. 

Nos. 512x0 to S1710. — Stainless steels for various purposes. 




. jo.ps to i.os 0.20 to 0.301 0.40 to 0.50 |. .|o.20 to 0.3010.03 max|o.o4 maxi Ball bearing steel 

, j 0.95 to 1.05 0.20 to 0.30 0.90 to 1. 10 0.20 to 0.30 0.03 maxio.04 max Ball bearing steel 

. p. 95 to 1.05 0.30 to 0.40 1.25 to 1.50 0.20 to 0.30 0.03 maxjo.04 max Ball bearing steel 

. 0.09 to 0.13 0.70 to 0.90 .... .... o.09too.i3p.o8too.i5 Screw macmne wo 
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METALS AND OTHER MATERIALS 


Tough Steels for Truck Service 

The Autocar Company uses the following nickel-alloy steels in 
their trucks, in the parts shown: 


Table II. — Truck Steels 



Transmission., 


Springing. 


Pa£t 

Connecting rods 
Connecting rod bolts 
Inlet valve 
Cylinder head studs, 
crankcase (main- 
bearing) studs 
Transmission gears 

Transmission main- 
shaft 

Clutch collar 
Clutch hub 
Transmission shifter 
rods 

Rear axle driving axle 
shaft 

Rear axle ring gear 
Rear axle bevel gears 
and jackshaft 
Rear axle differential 
gears 

Rear axle differential 
bolts 

Rear axle hub studs 
Rear axle wheel studs 
Front axle centers 
Front axle spindles 
Front axle steering arm 
Steering ball bolt 
Spring clips 
Spring tube and bolt 
Spring cross shaft 
Frame bracket bolts 


Steel Used 
S.A.E. 2340 
S.A.E. 313s 
S.A.E. 3140 


S.A.E. 2330 
S.A.E. 4620-1; 
4820 and 3312 

S.A.E. 4340 
S.A.E. 4620-1 
S.A.E. 4340 


Treatment 

Heat-treatedT”" 

Heat-treated 

Heat-treated 

Heat-treated 

Case hardened 

Heat-treated 
Case hardened 
Heat-treated 


S.A.E. 3120 Heat-treated 


S.A.E. 4340 
S.A.E. 2520 

S.A.E. 3312 

S.A.E. 2315 


Heat-treated 
Case hardened 

Case hardened 

Case hardened 

Heat-treated 

Heat-treated 

Heat-treated 

Heat-treated 

Heat-treated 

Heat-treated 

Case hardened 

Heat-treated 

Case hardened 

Heat-treated 

Heat-treated 


MACHINE-TOOL STEELS 

Steels used in turret lathe and similar construction by the Warner 
and Swasey Company: 


Gears 

Pinions, highly stressed. ........... 

Pinion shafts, highly stressed. . . . . . . 

Heavy-duty clutches. ... ....... 

Highly stressed studs, bolts, screws . . 
Sleeves and spline shafts. ......... . 

Lock bolts and bushings. . . . . . .... . . 

Intricate parts requiring machining 
in heat-treated condition. ... . . . . . 

Rolls, ball bearings. . . ..... . . . . . . . . 

Roller bearings , , y . .... . . . . ........ 


S.A.E. 1 

i Type 

No. 

3150 

Low Cr-Ni 

No. 

3250 

Med.Cr-Ni 

No.. 

3250 

Med. Cr-Ni 

No. 

2512 

S per cent nickel 

No. 

3x3s 

Low Gr-Ni 

No. 

2313 

3 1 per cent nickel 

No. 

2313 

3i per cent nickel 

No. 

4140 

Cr-Mo 

No. 

52100 

HighCr-G 

No. 

4615 

Cr-Mo-Ni 
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COLOR CODE FOR MARKING STEEL BARS 

Simplified Practice Recommendation R166-37 was issued on 
h Bureau of Standards, United States Depart- 

ment of Coi^erce, concermng a color code for marking steel bSs 
The work^of preparing the recommendation was undfrt^en ini- 
tially at the request of the National Committee on Iron Steel 
of the _National Association of Purchasing Agents. A recom- 
mendation was referred to_ all interests for cokdiration in aS 
I93S, and a^m resubmitted to industry in September? wfi’ 

aSe^ted the code.''' concerned hl"ve 

The color markings provided in the code may be applied bv 
painting the end or ends of bars having a diameter of i inch or 
larger. For bars less than i inch in diameter, in bundles that are 
to be marked with one or two colors, the colors may be arolfed 
either by painting across the end or ends of the bundle, or Sld 
on tags attached to the bundles. Where two colors are nrnviHAH 
the colors are applied side by side. provided, 

Table 12.— Carbon Steels 

- ^Whlt^°" 

No. X1020 


No. X1025, 
No. 1030. . . 
No. 1035... 
No. 1040. . . 
No. X1040. 
No. 1045. • * 
No. X1045. 
No. 1050. . . 
No. 1095. . . 


... Brown 
. . Brown 
.. Red 
..Red 
. . Blue 
. . Blue 
. . Green 
. . Green 
- . Orange 
. . Orange 
. . Bronze 
. . Aluminum 


Q 1 u 13 — Free-Cutting Steels 

YelfoT 

■ Yellow 

N? XtTt. Yellow and brown 

S^S3I4......... ..Yellow and blue 

5^315. Yellow and red 

YeUow and black 
Yellow and black 

The code gives color data for: 

•i' steels fin greatest demand. The revised code nro- 

SeSiSl 
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■ 2. Solid colors are reserved for carbon steels. 

3. Striping is eliminated, 

4. So far as possible, one color in combination with other colow 
is used for each series. For example, Table 13 shows that the kev 
color for free-cutting steels is yellow, and that additional color! 
are added, such as brown, blue, red and black, to differentiate 
between different grades of free-cutting steels. 

Table 14. — Manganese Steels 

Code Color 

No. T1330 Orange and green 

No. T1335 Orange and green 

No. T1340. . Orange and green 

No. T1345. Orange and red 

No. T1350 Orange and red 

Table i5.~Nickel Steels 
S,A.E. Code Color 

No. 2015. . Red and brown 

No. 2115.... Red and bronze 

No. 2315. Red and blue 

No. 2320 Red and blue 

No. 2330 Red and white 

No. 2335. . Red and white 

No. 2340. Red and green 

No. 2345, Red and green 

No. 2350. Red and aluminum 

No. 2515. Red and black 

Table i6.' — Nickel-Cheomixim Steels 

S.A.E. Code Color 

No. 3115 Blue and black 

No. 3120. Blue and black 

No. 3125. Pink 

No. 3130. Blue and green 

No. 3135. .... Blue and green 

No. 3140. Blue and white 

No. X3140 Blue and white 

No. 3145 Blue and white 

No. 3150. Blue and brown 

No. 3215 Blue and purple 

No, 3220 Blue and purple 

No. 3230 Blue and purple 

No. 3240 Blue and aluminum 

No. 3245 Blue and aluminum 

No. 3250 Blue and bronze 

No* 3312 Orange and black 

No. 3325 Orange and black 

No. 3335 Blue and orange 

No. 3340 Blue and orange 

No. 3415 Blue and pink 

No. 3435 Orange and aluminum 

No. 3450 Black and bronze 
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Table 17. — Molybdenum Steels 
S.A.E. Code Color 

No. 4130. Green and white 

No. X4130. Green and bronze 

No. 413S .... . . . : Green and yellow 

No. 4140 ^ Green and brown 

No. 4150. Green and brown 

No. 4345 Green and aluminum 

No. 4350 Green and aluminum 

No. 4615 Green and black 

No. 4620. Green and black 

No. 4640 ■ - Green and pink 

No. 4815 Green and purple 

No. 4820 Green and purple 

Table 18. — Chbomium Steels 
S.A.E. Code Color 

No. 5120 Black 

No. 5140. Black and white 

No. 5150. Black and white 

No. 52100 Black and brown 

Table 19. — Chromium- Vanadium Steels 
S.A.E. Code Color 

No. 6115. ................. . White and brown 

No. 6120. White and brown 

No. 6125. White and aluminum 

No. 6130. White and yellow 

No. 613s White and yellow 

No. 6140. .......... ....... White and bronze 

No, 6145 White and orange 

No. 6150 White and orange 

No. 6195 White and purple 

Table 20. — Tungsten Steels 
S.A.E. Code Color 

No. 71360. ...... Brown and orange 

No. 71660. ................. Brown and bronze 

No. 7260. . Brown and aluminum 

Table 21, — Silicon-Manganese Steels 
S.A.E. Code Color 

No. 9255. ......... ... ...... Bronze and aluminum 

No. 9260 Bronze and aluminum 


THE SPARK METHOD OF DETEEMmiNG GRADES OF 
, IRON AND STEEL 

The method of determining the kind of ferrous material illus- 
trated herewith was devised by John F. Keller, instructor of forg- 
ing at Purdue University, Lafayette, Ind., and has proved very 
1 successful as a practical shop test. See the illustration on page 
^ 1054. The material should touch the wheel Hghtly, and the spark 

I should be carefully watched. 

■ ■' ^ ^ 

I 
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TESTS OF HARDNESS 

The hpdness of metals, particularly of steels which are hpat 
treated, is now tested with either the Shore Scleroscope, or bv thp 
Brmell or Rockwell method, as described on page 1017. ^ 


Wrought Mild 
Iron Sieel 

i e 


Tool High-Carbon High-Speed Manganese Mushett Magnef 
Steel Steel Sieel Iron or Steel Steel Steel 
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LightSW Light Straws White White Chrome-Yellow White OarkRed Orange 
Spark Test for Grades of Steel 

The Brinell Test 

Bnnell method of testing consists of forcing a hardened steel 

tested under 

pressure. The diameter of the impression made is read with a 

hardness found by consulting a 

n a^^meter. If, with a pressure of 3,000 kilograms as 

machine, the diameter of the depression is 3 milli- 
^ with a standLd ball or 4^8 with 

RoISfpIl Comparative test values are given for 

Rockwell, monotron and other methods of testing. ^ 

Cloudburst Hardness Testing 

T*c devised by Edward G. Herbert of England the work 

s subjected to a shower of hard steel balls fallinf from a given 


■ 

I MAGNAFLUX TEST FOR CRACKS 1055 

hcigiit. Some of the smaller machines use 3-inillimeter or J-inch 
balls falling from a height of 2 to 4 meters at the rate of about 
750,000 per minute. These balls normally make no visible depres- 
i sion, but they so affect the surface that hard and soft spots are 
clearly shown. Balls of 5 millimeters in diameter are also used. 

In testing manufactured parts by this process^ a block of the 
desired hardness is placed in the machine and the distance the balls 
fall adjusted so that they just fail to mark the surface. Then 
work pieces which are not marked are at least as hard as the stand- 
ard. Soft spots will be marked by the balls. ^ 

I File Hardness Tests2 

I Files are still used to test hardness. Standard files for this 
purpose can be obtained from reputable file makers. One maker 
[ recommends a lo-inch mill, bastard file. Others suggest 6- or 8- 

‘ inch pillar or three-square files. One maker states that special 

files which will not cut straight carbon steel immediately after 
quenching to Rockwell C64-66 will cut it after tempering to 3 75®F. 
though the Rockwell hardness remains the same. 

Monotron Hardness Test^ 

This testing machine registers on a dial the load required to 
produce a definite penetration. Two dials are used, one measuring 
pressure, and the other, the depth of penetration. The depth 
indicator shows the extent of elastic recovery of the specimen and of 
permanent deformation. The diamond ball used is | millimetei: 
in diameter and penetrates to a depth of inches. A scale 
known as M-i reads directly in Brinell numbers. 

Vickers Diamond Pyramid Hardness Test ^ 

This is similar to the Brinell method but uses a diamond, cut rod 
polished to the shape of a square-based pyramid. This gives a 
square impression which is easily read across the corners. The 
impression appears as a dark square on a light ground. The hard- 
ness numbers compare with Brinell up to about 300. At higher 
values the Brinell falls progressively lower,and is not reliable above 
about 600 Brinell. The irregularity is caused by the flattening of 
the balls under heavy loads. 

Magnafiux Method of Detecting Cracks 

As cracks of all kinds, whether in the original bar of steel, or 
due to heat, or fatigue stresses afterwards, precede failure, it is 
important to detect them before failure occurs. The Magnafiux 
method, by which the piece is magnetized and forms north and 
south magnetic poles each side of the crack, has become standard 
practice on all airplane engine parts and in other places where 
failure would be disastrous. 

"','■1 R.'.G. 'Brumfield. ' ' 

2 H. T. Morton. 

3 O. W. Boston. 

<S. L. Goodole and B. B. Rosenbaum, 
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Two methods are used, known as the “wet” and “dry” methnri= 
In toth, the parts to be inspected are magnetized by suitable mean!' 
In the wet method the magnetized part is then dipped in a taut it 
which a very fine powder of magnetic oxide is suspended in a lionW 
resembling kerosene. If there is a crack, the powder gather af 
that point, even where the crack is so small as to be invisible wifi, 
100 times magnification. wiin 

^ In the dry method the magnetic powder is sifted over the 
to^be tested and forms along the line of any crack that may exist 
Ine pYts can be magnetized in any convenient way. A common 
method is to put a magnetic coil over a part at each end of the 
to be tested. 

Comparison of Hardness Numerals 

Table 22 is a very complete comparison of different methods of 
testing materials. It was prepared by the Chapman Valve Mann 
facturing Company. ■" 

SHOP RECIPES 
XT. S, Armory Browning Solution 

^ First, make tincture of steel,” by putting 3 pounds of carbonate 
T if i pouring over this 3 quarts of muriatic acid 

Let this staM, stirrmg it occasionally, until the acid '"cuts’" or 
takes up^all of the iron that it will. After the muriatic acid becomes 
saturated with the carbonate of iron, pour it into a glass demijohn 
being careM that none of the remaining sediment goes with it! 
Seel^^^ ^ <iuarts of grain alcohol, completing the tincture of 

proper, take 6 ounces of the 
tincture of steel, 6 ounces of sweet spirits of niter, i ounce of nitric 
fnd ®"JPl>ate of copper, i ounce of corrosive sublimate, 

evap^Sn^ water, usmg a glass stopped bottle to prevent 

TTiis should stand for 24 hours, if possible, although it can be 

results. W solution 

is applied with a sponge. 

IT. S. Armory Etching Acid 

are sometimes pieces that are riveted in place after being 
the nvetmg must be smoothed down, thereby remov- 
a special etching acid is used for coloring the 
p^hed portions to ^tch the browning previously put on. ^The 
compnsed of i ounce of tincture of steel, previously 

aaa. home of the etclung acid is put m a shallow glass dish, and the 

& add'^K T ‘o fheck the workS 

in a dIS? -mmediately dipped in hot water, and then 

m a dish of ammonia at full strength, and finally covered with oil. 


SHOP RECIPES 
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Table 22. —Haedness Strength OE Steel 
The following table (prepared by Sir Robert Hadfield of the 
Research Laboratory, Hadfields, Ltd., ShejQ&eld, England) repre- 
sents the average of a large number of tests on all types of steel, and 
is intended as an approximate guide. Individual results vary con- 
siderably from the average. It also gives a comparison of Brinell 
bail and Scleroscope hardness numbers with their relation to the 
compression strength, also yield point and tenacity, of steel. 


< 

$ 

1 

a 

1 

1S3 

Approx. Scleroscope Hardnessj 
Humber 

Brinell Ball Haidness 

Number 

Tensile Strength 

Compression on Speci- 
mens .564'' Diam. and 
.70" in Height 

yield Point 

Maximum 

Stress 

Elastic Limit 
and 25 % 
Compression 

Compression, Per 
Cent. (100 Tons per 
Sq. In.i (160 Kilo- 
grams) per Sq. M/M 

Tons per 
Sq. In. 

Kilograms 
per Sq. 
M/M 

Tons per 
Sq. In. 

Kilograms 
per Sq. 

M/M 

84 

«« 

1 o’ 

Kilograms 
per Sq. 
M/M 



ISO 

20 

31 

36 

57 

17 

27 

49.0 

F 


175 

26 

41 

41 

6S 

19 

30 

40.0 


34 • 

200 

32 

SO 

46 

72 

21 

32 

35.0 


38 

22S 

38 

60 

51 

80 

23 

36 

31.0 


42 

250 

44 

69 

S6 

88 

26 

41 

27.9 

E 

46 

275 

SO 

79 

61 

96 

30 

47 

23 . 0 


50 

300 

S6 

88 

66 

104 

34 

54 

19.0 


54 

325 

6r 

96 

71 

112 

38 

60 

15.2 


S7 

350 

67 

los 

76 

120 

43 

68 

11.3 

D j 

61 

375 

73 

IIS 

81 

128 

49 

77 

8.0 


64 

400 

79 

124 

86 

135 

55 

87 

5.6 

1 

68 

425 

84 

132 

91 

143 

61 

96 

3.8 


71 

450 

90 

142 

96 

ISI 

67 

los 

2.4 

C 

75 

475 

96 

ISI 

lOl 

159 

74 

116 

1.3 


78 

Soo 

102 

I6I 

106 

167 

Sr 

127 

0,6 


80 

S2S 

107 

169 

III 

175 

87 

137 

0,23 


h 

550 

I13 

178 

116 

183 

94 

148 

0.21 

B 

86 

575 



1 21 

190 

lor 

159 

0 .20* 


89 

600 



126 

198 

108 

170 

0.18 


92 

625 * 

V 




I IIS'- ■ 

18 1 

0.16 


95 

650 

1 Not 

131 

206 

122 

192 

0.14 

A 

99 

675 

1 determined 

136 

214 

129 

203 

0.13 


lOI 

700 

J 


141 

222 

136 

214 

0.12 


** Glass scratching hardness commences here. 


Hardening Cast Iron 

According to a British authority cast iron can be hardened by 
heating to i5So°F., and by heating to 1650*^ and quenching in oil. 
This increases hardness from 259 to 474 Brinell but reduces the 
breaking strength nearly one-half. Reheating to 5 7o®F is said 
practically to restore the strength and only reduces the Brinell 
to 425. Heating the iron to 7oo°F. makes the iron stronger than 
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originally but reduces the BrineU to sgo. Heatina still 
the strength and gives a BrineU^ofl^ia. 
bome cast irons can bo bardened by subicctine' tbf^m . 

gas at to ro.s;F. for a long perio^df one^ S Ve W f 
hv L?;®" surface.^ Cast iron is soShnL wfc 

by heatmg to bright red in cyanide and quenchine Osc?. ^ 
have been hardened in this way for temAry or iffreSit usf ' 

How to mter-Blue Steel 

the chemically clean components in a mixture of lo nn 
of niter (saltpeter) to i part of black oxide of manganesf fMnm 
by weight, heated to 800 to 8so°F. The mixture should 
tamed in a cast-iron pot, heated by any suitable Ll 

wire basket TW are contained in a 

Wire oasKet. iney are allowed to remain in the ^ 

^ nri? ‘^^•rker the bite ^ ^ 

^ Upon withdrawing the components, quench them in water 

to i 50“F, and When dr^SverThem w th 
raw linseed oil and allow them to drain. ^ with 

_ Springs are generally drawn back at from 450 to 6oo°F denpn^ 
mg upon the analysis of the steel. Higher cw A intent reo^u^; 

Quenching or Cooling steel 

arranged according to their intensity on 0.8c; per cent ofr>Ai 

mcreases as the temperature of the bath lowers. ^Snerm 

2?o°F°a*ft ^'Pt®i“peratures between 22 and 

250 F., act about the same as distilled water at 160 degSs 

Arsenal “Hot-Dip” Process for Tinning 

weidiV ^®ad to 20 parts of tin by 

40 ^arts 


SHOP RECIPES 
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pickling; the metal is washed in clean water to remove all traces 
of the pickling acid. The work is then dipped in a flux which is 
made by dissolving zinc in hydrochloric acid until it is saturated. 
After dipping in the flux, the pieces are dipped in the melted metal 
(So per cent lead, 20 per cent tin) until thoroughly coated and are 
then shaken ofl and thrown in a pile to cool. 

A Method of Tinning Brass Parts 

Brass parts are placed in layers in a screened basket with tin 
plates between each layer. They are then placed in a copper tank 
tilled with water supplied with steam coil and brought to a boiling 
point. Sufficient amount of cream of tartar is added until the 
parts are properly plated. Four hours are required to properly 
tin these parts. 

Small parts are placed in a cheesecloth bag in a solution of one 
pint of phosphoric acid (U.S.P. 50 per cent) to four gallons of water. 
Heat to a boiling point until parts begin to turn white, requiring 
about 2 hours. Remove and place in linseed oil. They are then 
rolled on straw boards to remove the surplus oil. 

Etching Fluid 

An etching fluid for etching steel by the use of rubber stamps is 
made as follows: 


Nitric acid. ....... 75 parts 

Nitrate of silver . 2 parts 

Water. 23 parts 


To use, a piece of blotting paper or thin asbestos is laid on a sheet 
of glass and saturated with the fluid which takes the place of the 
ink generally used with rubber stamps. . The stamp is pressed on 
the saturated pad and then on the steel which is etched lightly with 
the desired design. 

After using, the saturated paper should be destroyed as it tends 
to rust any ferrous material near it. 

Rust Remover 

For rust remover mix the following ingredients: 

Petrolatum. .............. 3 ounces 

P 907 oil. ... . ..... ... . . .... . 2 ounces 

Tripoli 6 ounces 

P 907 oil is made by the Vacuum Oil Company. A similar oil 
is made by the Texas Oil Company known as “Spindle oil 
Either can be used. 

Steam the two oils together until very warm, and then add the 
Tripoli. Spread the mixture on the rusted part. Rub ofl with a 
cloth after a few moments and the rust should come off with it. 

Marking on Steel 

For marking steel a china-marking pencil may be used. This 
will mark just as readily and distinctly on almost any polished 
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surface, such, as steel, brass or nichp] T<- i 

IS distinct; it does not injure the surface and th^ Hue that 
come off too easily, suriace, and the mark does not 

THE PICKLING OP lEON AND ITS ALLOYS i 

toS;f sSle1?rst.'lcils of f ^“lutions 

usualty iron oxides classifiable in three groups^*^^ 
andsd&fjSVcStgicif’’ H.O)-oidinary brown rust 

formed aLefS'^of watef ^RilThp™^^ *° rust but 

scale ’’and is somewhat soluble if JickEngS””^^ 

thin layer of metal only enters ifo ^ A 

penetrates the scale, but the^formina rf hvdmi°“ 

it feUs to the bottom^of fte nff 

compounT‘f4K“\ i'^Wcating 

Cleaning of the ^teXf before Sf u 

effect on pickling results f c. *• ^ markedly beneficial 

of the acid othewise reauiref fav one-half 

for grease, etc., Serpickling"'^ ’^^®^® P^^Per cleaning 


unfortunate disadvantage of such h of Kp ^^l®u P'^kling. An 

c^isagreeable, but irmoder^rfants 

eliminated much of the trouble ^ utilation systems have 

temperature can hrmStoed t fe w/® ®,?"® "^Pi'i lower 

acid is generally prohibited on acSum- ofefe’-*^® “®® ““riatic 

with sulphuric aad. its high cost as compared 


Acid Strength and Temperature 


for bothfeictorsTffecfeh“mtefe?feck^^^^ ““|i<i®fe'i together, 
speeded up by increasing the acid contpDt niay be 

actual acid. Beyond this noint '‘i’ about 20 per cent 

pickling. In actual practice the arid^®t®^®,? -^®/‘^ ‘i°™ 

15 per W practice the acid strength is between 2 and 

» Weaver Brothers, Ointon, Mich. 
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Changes in temperature have a greater influence on rate of 
pickling than do variations in acid strength. An increase of 20°F. 
will double the rate of pickling. The temperature range for most 
pickling operations is between 140 and 1 8o°F. 

Acid content and temperature are largely dependent upon 
individual plant conditions and tank capacities. Acid strength 
of 5 per cent and temperatures between 140 and i8o°F. are advis- 
able in most cases, giving as they do a minimum of fumes and the 
best working conditions. Stronger solutions and higher tempera- 
tures will increase production, but the added tonnage will be 
attended by greatly increased volume of fumes, together with the 
danger of overpickling, pitting, and acid brittleness. 

Use a gopd inhibitor. 

Since no matter what the class of work may be, the conditions 
for good pickling hinge upon each other, they can be determined 
and fixed for control for the foreman with the aid of simple tools. 
All he needs is a thermometer, a burette, a clock, and a hydrometer, 
and he can pickle metals accurately and well, 

COPPER ALLOYS 

Strictly, a brass is a copper-zinc alloy containing one-third zinc 
and two-thirds copper; whereas a bronze is a copper- tin alloy con- 
taining approximately 10 per cent tin and 90 per cent copper. 
The old-style gun metal contained from 90 to 92 per cent copper 
and from 8 to 10 per cent tin. Lead is frequently added to both 
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Composition of Bronzes (Navy Department) 
White Metal: 

Tin... 

Copper 

Zinc. 

Antimony 

Lead . . 

Hard Bronze for Piston Rings: 

Tin 

Copper 

Bearings — Wearing Surfaces, etc.: 

Copper. 

Tin,. 

Zinc 

Naval Brass: 

Copper . 

Tin... 

Zinc. 

Brazing Metal: 

Copper. 

Zinc. ...... 

Antifriction Metal: 

Copper (best refined) 

Banca tin. 

Regulus of antimony 

Well fluxed with borax and rosin in mixing. 
Bearing Metal (Pennsylvania Railroad): 

Copper . ................................................ 

■ ' ,Tin.,..,.. 

Lead. 


Parts 


7.6 

2.3 


83.3 


3.8 


3.0 


22.0 

78.0 


6 

I 

i 

62.0 
1 .0 

37.0 


85.0 

15.0 


3-7 


88.8 


7.5 


77.0 
8.0 

15.0 


Admiralty bronze, for condenser tubes; copper 70, zinc 29, tin i. 
Phosphor bronze: copper 85-90, zinc 3. tin 6-10, traces of iron, lead and 
phosphorus. 
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Note FOR Table 24 

These alloys are usually furnished in the following tempers and anneals: 

Reduction, 

Tempers B. &. S. Gage 

g uarter Hard 1 

alf Hard....... 2 

Hard 4 

Extra Hard. 6 

Spring. 8 

Anneals 
Light 
Drawing 
Soft Drawing 


these classes of alloy to make them machine more easily, and both 
tin and zinc are commonly used in the same alloy, so that today we 
have a series of copper-tin-zinc alloys of almost infinite variety. In 
all cases in the useful alloys of this class, however, there is present 
more than so per cent copper. 

In most of the modern alloys tin is depended upon to give strength 
and zinc to cheapen the mixture. Some of the old-style gun metals 
contained as much as 16 per cent tin and 84 per cent copper, but 
such metals were brittle and hard. The common yellow brass 
employed by plumbers in making ordinary valves and fittings may 
be considered as composed of approximately 16 pounds of copper, 8 
pounds of zinc, and | pound of lead. It will be noticed that this 
consists of approximately one-third zinc and two-thirds copper, 
with a little lead added to improve the machining qualities. For 
the making of high-grade castings, ingots or new metal should be 
used in all cases. In making a brass the copper should be melted 
first and the zinc added, care being taken not to let the tempera- 
ture rise too high, for if it does, the zinc will ignite and burn. The 
lead is added last and the metal thoroughly stirred. 


Navy Department Specifications for Journal Bronze 
(Composition H) 

The chemical properties shall be as follows: 


Copper, 
Per Cent 

Tin, 

Per Cent 

Zinc, 

Per Cent 

1 Iron 
(Maxi- 
mum), 
Per Cent 

Lead 
(Maxi- 
mum), 
Per Cent 

Normal 

82-84 

12.5-14.5 

2. 5-4.5 

O.IO 

I.O 

83 -i 3 f- 3 i 


Brass Terminology 

Admiralty Metal. — Contains 70 per cent of copper, 29 per cent of zinc, 
and I per cent of tin. Care must be taken not to confuse admiralty metal 
with admiralty gun metal or admiralty bronze, names frequently applied 
to a sand-cast alloy containing 88 per cent of copper, 10 per cent of tin, and 
2 per cent of zinc. Admiralty metal is one of the best loiown alloys for 
condenser and heat-exchanger tubes. 
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Altiininuiii Broiize.---Has 1.2s to ii per cent aluminum. 

Brass Forging Rod.- — Is an alloy containing 60 per cent of copper, 38 per 
cent of zinc, and 2 per cent of lead. It is extensively used in tne manufac- 
ture of parts by hot-forging and hot-pressing operations. 

Brass Rod.- — Specifically designates a free-cutting alloy of 61.5 per cent 
of copper, 35.S per cent of zinc, and 3 per cent of lead. It is extensively 
used in automatic screw machine work, where ease and speed of cutting are 
important factors. 

Cartridge Brass. — Designates an alloy of about 7o_per cent of cwperand 
30 per cent of zinc. The term implies an alloy low in impurities. Cartridge 
brass possesses a high degree of mechanical strength combined with good 
ductility. 

High Brass. — Is a general term applied to alloys containing about 2 parts 
of copper to I part of zinc. The A.S.T.M. recognizes two grades. No. i 
grade is frequently known as spinning brass, eyelet brass, or drawing brass. 
No. 2 grade is generally known as “common high brass.” It has less copper 
than No. i. 

Low Brass. — Contains 80 per cent of copper and 20 per cent of zinc. 
Another grade, known as “rich low brass” contains 85 per cent of copper and 
IS per cent of zinc. 

Manganese Bronze. — The 18. s per cent manganese gives a white-colored 
alloy. Adding 1. 2S per cent aluminum tends to prevent oxidation. 

Muntz Metal. — Is an alloy of 60 per cent of copper and 40 per cent of 
zinc. It is used for condenser tube applications, and gives good service in 
the circulation of clean, fresh water. It is not recommended for use with, 
salt water or polluted fresh water. 

Naval Brass.— -Is 60 per cent of copper, 39-25 per cent of zinc, and 0.75 
per cent of tin. 

Red Brass.- — Has 85 or more per cent of copper. Tin gives it an orange 
color. 

High-Silicon Bronzes 

Duronze is a Mgh-silicon bronze alloy of the Bridgeport Brass 
Company. It is made in four grades for different uses. It weighs 
less than copper and melts at a lower point. Both weight and 
melting point depend on the grade. 

Machining practice for this is about the same as for steel. Tools 
should not be set much above the center, and no land is permissible. 
Tools recommended are shown. Speeds and feeds for drilling and 
turning are shown in the tables. 

Drills with a short helix are best. Undercutting the edges to 
increase rake angle is suggested for long drills. Drills with narrow, 
polished margins are best. Drills should cut constantly to avoid 
glazing and work hardening of the metal. Use plenty of lubricant. 
Oil hole drills advisable in large or deep holes. 

Taps should have back taper and narrow lands, with flutes of 
10 to 15 degrees lip. Chamfer should cover two threads, and 
tapping speeds should be about 20 feet per minute with plenty of 
sulphurized oil. Tap drills larger than standard and oversize 
taps are recommended. 

Thread chasers in dies should have 10 to 15 degrees lip or hook 
and a narrow land. Speed 15 to 20 feet per minute. 

Reamers should have narrow lands and well polished flutes. 

Milling cutters with coarse teeth are recommended to permit 
chip removal. A cutting rake of 10 to 15 degrees, with 10 degrees 
back rake, is suggested. Use plenty of good lubricant. Form 
cutters should have top and side rake and no lands. Ample chip 
clearance is essential. Speeds of 45 to 55 feet per minute and 
feeds of 0.003 to 0.008 inch are suggested. Cuts deeper than i 
inch may give trouble. 
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Uses of S.A.E. Brass and Bronze Alloys 

Descriptions op Brass and Bronze Alloys 

A survey of motor vehicle and parts manufacturers in 1932--33 indi- 
cated that S.A.E. brass and bronze specifications are used in parts and types 
of service such as those listed below: 

No. 40. Red Brass. — Water-pump impellers, fittings for gasoline and oil 
lines, small bushings, small miscellaneous castings. 

No. 41. Yellow Brass. — Radiator parts, fittings for water-cooling systems, 
battery terminals, miscellaneous castings. 

No, 43. White Nickel Brass. — Control brackets, levers to match nickel- 
silver trimmings and fittings on motorboats. 

No. 43. Manganese Bronze. — Gear-shifter forks, counters, spiders, 
brackets and similar fittings, parts for starting motors, landing-gear and 
tail-skid castings for airplanes. 

No. 44. Brass to Be Brazed. — Fittings for water pipes which are brazed. 

No. 45. Brazing Solder. — For brazing. 

No. 02. Hard Bronze. — Gears, bearings, bushings for severe service, valve 
guides, valve-tappet guides, camshaft bearings, fuel pump, timer and dis- 
tributor parts, connecting-rod bushings, piston pins, rocker lever, steering- 
sector and hinge bushings, starting-motor parts. 

No. 63. Leaded Gun Metal. — ’Bushings and bearings, fittings for moder- 
ately high water or oil pressures. 

No. 04. Phosphor Bronze. — Wrist pins, piston pins, valve rocker-arm 
bushings, fuel and water-pump bushings, steering-knuclde bushings, aircraft 
control bushings, resistance to wear and scuffing. 

No. 640. Nickel Phosphor Bronze.-— Cones of synchronizer gears. 

No. ds. Phosphor Gear Bronze. — Not regularly used. 

No. 66. Bronze Backing for Lined Bearings. — Main bearings, connecting- 
rod bearings. 

No. 67. Semi-Plastic Bronze. — Water-pump bearings. 

No. 08. Aluminum Bronze.— -Valve seats, worm wheels, gears, valve 
guides and forgings. 

No. 70* Commercial Brass Sheets.— General purposes, gasoline tanks, oil 
tanks; radiator shells, trim rods, pipe, rivets, water-jacket plates, flat 
springs, dew drawings and stampings. 

No. 71. Copper Sheets.— Minor i)arts such as connectors and terminals, 
cover plates, radiators, fittings on wing beams and struts. 

No. 72. Free-Cutting Brass Rods. — Small screw-machine parts, pins, 
nuts, plugs, screws, valve disks, valve caps. 

No. 73- Naval Brass or Tobin Bronze Rods. — Forgings, water-pump 
shafts, gears, gear bearings, propeller shafts, studs and nuts, bushings, 
turnbuckle barrels, adjusting strut ends, valve-stem bushings, screw-machine 
parts. 

No. 74. Annealed Seamless Brass Tubing. — Brass water pipe, ignition 
tubes, foot-rest bars, radiator attachments and spacers, heaters, lighting 
plants. 

No. 7. Copper Tubing.— Oil and fuel lines, oil-gage tube in lighting plants. 

No. 76. Naval Brass or Tobin Bronze Tubing.— Bushings and bearings 
for starting motors and lighting plants. 

No. 77. Phosphor Bronze Strips. — Grade A — ^friction plates in clutches, 
thrust washers, small springs, contact springs. Grade B — contact supports 
and springs, starting-switch springs. 

No. 79 - R^d Brass Sheets.— Radiators; lamp shells, special drawing 
purposes. 

No. 80. Brass Wire. — General purposes for springs, also for wrapping 
turnbuckles and locking wire. 

No. 81. Phosphor Bronze Wire.— Minor springs. 

No. 82. Brass Wire. — Safety wire for fastening nuts and bolts, (See 
also S.A.E. No. 80.) 

No. 83. Soft or Annealed Copper Wire. — -Electrical purposes, wire, and 
cable.,,., . . , 

No, 88. Brass Rods.^ — ^Forgings, screws, and studs. 

^‘‘Supplement to S.A.E, Handbook,'* issued August, 1934 by the Society of 
Automotive Engineers, New York. 
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Tempers of Sheet Brass 

Brass finished by annealing is designated as follows: 

Light anneal or blued. 

Drawing anneal or blued soft. 

Soft drawing anneal or soft. 

A tot-named terms have been adopted by the S.A.E. and 
A.S.T.M. and are to be preferred. ^ 

Brass finished by rolling is designated according to the amount 
the thickness of the sheet is reduced from the original thickness 
When the thickness is reduced one number by the Brown and 
Sharpe gage, the sheet is known as hard.” The sheet tempers 


Reduction in 

B. & S. Gage 
Numbers 

I . 

2. . 

*!!!!!’!!* 

4 --- 

6 

8 .......... 

lO 

Brass rods are usually drawa to what is ....... 

It IS produced by reducing the diameter from s to lo per cMit 
Rods are also drawn ‘‘hard” by reducing the diameter from 12 to 
20 per cent. 

Tolerances allowed by the Chase Metal Works are: Sheets— 
0.0002s to 0.006 inch for Brown and Sharpe gages Nos. 38 to oooo 
respectively; wire _and rods— 0.00025 inch for o.b25-inch rods to 
0.010 inch for 3.5-mch rods; tubes — o.oor inch for i-inch tubes of 
No. 26 gage to 0.031 inch for tubes ro inches or over, of No. 0000 
Stubs’ gage. ’ 


Designation 
OF Temper 
i hard 
J hard 
ihard 
Hard 


Extra hard 



Tolerances on Brass and Copper 

Tolerances on sheet brass and copper depend on the width of 
the sheet as well as the thickness. On thicknesses from 0.460 to 
0.324 inch (Nos. 0000 to o) the tolerance is 0.005 inch on sheets up 
to o inches m width; 0.0055 toh on 8 to ii inches in width: and 
0.000 on width of II to 14 inches. The tolerances decrease to 
0.000025, 0.0005 and 0.00075 inch respectively on sheets 0.00 <6 to 
0.0040 inch thick (Nos. 35 to 38). These are Brown and Sharpe 
gage. ^ 

WaU thickness of seamless tubing is measured by Stubs gage. 
Tolerances vary both with wall thickness and with tube diameter. 
On tubes under 2 mches diameter with walls 0.454 inch thick, the 
tolerance is 0.019 inch. Tubes over 10 inches, with the same wall, 
are 0.03 1 mch. Tubes with a wall thickness of 0.083 inch have toler- 
ances of 0.0045 inch for 2 inches and of 0.016 inch for 10 inches in 
mameter. Intermediate sizes and thicknesses vary in proportion, 
inese tolerances are plus or minus (Chase Metal Works). 



Common Uses and Tempers op Wrought-Copper Axloys 


Straight Brasses 


Approxi- 

mate 

Common Com- porm Tvtjical Use«? jpsual 

Mill Name position lypicai uses Temper 

Cu I Zn 


Copper. 

100 


Sheet 

Radiator cores 

Soft 




Electrical 

i hard and 






soft 




Wire 

Electrical purposes 

Soft 




Tube 

Heater coils 

Soft 





Gasoline supply ^ 
Marine work 

Soft 

Blued or 






half hard 

Gilding. ........... 

9 S 

S 

Sheet 

Screw shells 

Blued 




Inexpensive jewelry 

Blued 

Commercial bronze . 

90 

10 

Sheet 

Radiator cores 

Soft 




Screw shells 

Blued 





Kick plates 

i hard 




Wire 

Screws 

Screw 





Rivets 

Rivet 

Rich low brass. .... 

8s 

IS 

Sheet 

Hardware 

Blued 

Low brass. 

80 

20 

Sheet 

Ornamental work 

Blued 





Clock dials i 

i hard 

Cartridge brass.. . . . 

70 

30 

Sheet 

Cartridges 

Blued soft 




Musical instru- 

Blued soft 





ments 

Brazed tubes 

Soft 




Tube I 

Spinning 

Springs 

Soft 

Spring 


(usually 

brazed) Bedsteads Half bard 

Plumbers’ bends Blued soft 
High brass........ . 67 33 Sheet Deep drawing Blued or 

blued soft 

Spinning Soft 

Eyelet Blued soft 

Radiator cores Blued 

Tube Pump liners Half hard 

Miscellaneous Blued or 

half hard 

Common high brass 65 35 Sheet Drawing Blued and 

blued soft 

Blanking | hard 

Stamping Soft 

Spring Spring 

Wire Screws Screw 

Rivets Rivet 

Safety pins Spring 

Pin metal..., 62 38 Wire Pins Extra hard 

Soft wire Soft 

Brazing Soft 

Condensers Condenser 

Miscellaneous Blued or 

half hard 



Muntz metal. 


60 40 


Tube 
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liCaded Brasses 


Common 
Mill Name 


Approximate 

.Composition 


Cu 

Zn j 

66 

33 

66 

33-S 

64 

35.2s ' 

64 

34 

61 

36 

60 

38 


Typical Uses 


Hinges 

Matrices 

Wire Screw eyes 
Sheet Clock and watch 
backs, gears, etc. 
Rod Most sere w-ma- 
. chine work 

Rod Hot forgings 


Half hard 
Hitied 01 
^half hard 
Half hard 
i hard 
Hard 
Rivet 
Hard 


Tinned Brasses 


Commercial bronze 
rod 


Cu 

Zn 

1 Pb 

1 Sn 1 

86 

I2i 

I 

h Rod 

Hardware 

70 

29 


I Tube 

Condenser tubes 

60 

39 


1 Rod 

Bolts and nuts 





Marine use 




Tube 

Marine use 


Nickel Silvers 



1 Cu 

Zn 

Ni 


S per cent nickel. . . 

10 per cent nickel. . . 

64 

64 

31 

26 

5 

10 

Sheet 

Wire 

Sheet 

Trimmings 
Inexpensive jewelry 
Inexpensive jewelry 
Inexpensive table- 

Blued 

Blued 

Blued 

Soft 

18 per cent nickel. . . 

64 

^ 18 

18 

Sheet 

. 

ware 

Tableware 

Drawing 

Spinning 

Base for most silver- 
plated ware 

Soft 
Soft 
^ Soft 
Soft 


Low Melting Alloys 

Low melting alloys are used extensively for securing punch and 
f ^hormg machine parts, short mn forming liS^sSppeL 
plates, and similar work. For this work a metal known as Cerro- 
mc^tXj melting at 250 degrees F., is largely used 
for proof castings in forging dies molds, gun chambers, etc 
Cerrosafe, melting at 190 degrees F., is used. ’ 

An even lower melting metal, Cerrobend, melting at i ?8 degrees 
F., IS used to fill thin walled tubes to prevent crushing when bend- 
ing, and for some of the above mentioned uses. 
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com 


Silver coin 


Bismuth Lead 


Tin Cadmium Melting 
romt 


Newton’s alloys 
Rose’s “ 

Darcet’s “ 


vffm 


Lipowitzs 


Alloys 


Alloys for Coinage 


Gold 

Copper 

Silver 

Other 
Gonstitu- 
1 ', ants 

91.66 

90.0 

1.33 

8,33 

10,0 

82.73 

1S.93 

111 

- 1 

40.3s 

o,x 

19.63 

7.1 

40.02 

92.0s 

Lead 0,2 

— 

7-5 

92.S 

— 


British standard. 

‘ ‘ Latin Union ” and American, 
Roman, Septimus Severus, 
26s A.D. 

Early British B.C. so. 

Roman B.C, 31, almost same 
as British silver coin. 
British standard. 
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Bismuth Alloys (Fusible Metals) 



Copper 

Babbitt 

8. 

Bell metal .... 

76-s 


74.8 

Brass 

63-72 

wire 

70.29 

Britannia . . . . . 

1.46 

Bronze. ...... . 

95 


80-00 

German silver . . 

60 

Gun metal . . . . 

91 

Mannheim gold 

80-88 

Muntz metal . . 

60-62 

Packfong 

43-S 

Shot metal 


Speculum 

70.24 

Type metal 

2.0 

White metal . . 

6. 


Tin Lead 

Zinc Nickel 

92. 


23-5 


25.2 



27-34 

0.17 

29.26 

90.62 


4. 

I. 

12-18 

7- 


20. 20 

9- 



20-12 


38-40 


40.6 

99.6 

15.6 

29.11 

trace 

10. 70 


3.2 82 


82. 



Anti- 

mony 


Westminster. 
Typical brass. 

7.81 Birmingham 
sheet. 

British coinage. 
Heavy bearings 
Nickel varies. 
Gannons. 

Ship sheathing. 
Chinese alloy. 
Trace of arsenic. 
Telescope mir- 
ror. 

18. 

14. Stereotyping. 
12. For bearings. 
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* Cubic feet of water at 4“C, = 62.3565 pounds; weight per cubic inch = 0.036086 pound. 


1074 


METALS AND OTHER MATERIALS 


SHJEaNKAGE OF CaSTIJTGS 

Aluminum- — ^pure.. ... ... . . . . . .... .2031 in /ft 

“ Nickel AUoy...... . ,1875 “ 

Special Alloy .1718 “ 

Iron, Small Cylinders .0625 “ 

“ Pipes. .125 “ 

Girders and Beams 100 “ 

“ Large Cylinders, Contraction of Diam. at Top . . , 0625 “ 

“ LargeCylinderSjContractionof Diam. at Bottom .083 “ 

Large Cylinders, Contraction of Length. ...... .094 “ 

Brass — Thin ... .167 

Thick. .150 “ 

Copper •1875 “ 

Bismuth. 1563 “ 

Lead .3125 “ 

Zinc. -3125 “ 

Magnesium 1875 “ 


.28125 “ 

METALS USED m DIE CASTING 

The metals used in die castings are limited by certain require- 
ments peculiar to the process. Either they must not be subject 
to excessive shrinkage at high temperatures, or else they must be 
sufficiently strong to withstand the shrinkage. Unless one of these 
two conditions is met, the castings will crack before they can be 
removed from the die. For example, an alloy of aluminum and 
zinc, while common in sand casting, is not suited to die casting, 
although an alloy of aluminum and copper can be die-cast suc- 
cessfully. The metals used must not be such as will attack the 
surface of the die. It has been found that an alloy of copper and 
aluminum can be cast in permanent molds, while an alloy of 
copper and zinc, fusing at no higher temperature, will seriously 
injure the surface of the mold. The metals must fuse at a tem- 
perature low enough to avoid destroying the section of the casting 
machine in which the molten metal is contained, at least for a 
reasonable length of time. This condition has so far been one of 
the chief handicaps to the use of aluminum bronze in the produc- 
tion of die castings. 

Die-casting alloys, in general, may be divided into four groups: 

I . Zinc-Base Alloys. — These were early ' used in die casting, 
and are still employed to a large extent in the production of 



Per Cent 

Per Cent 

Tin 

6 

None 

Copper 

si 

3 

Aluminum 

ij 

5 

Zinc. 

891 

*92 


* Horsehead spelter or its equivalent should be used in this alloy, or, in fact, 
any zinc alloy where the aluminum content is higher than per cent. 
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I many types of parts on account of their adaptability in taking 

i accurate shapes when forced into the die under pressure. The 

I two mixtures shown in the table at the bottom of page 1074 are rep- 

! resentative of the alloys of this class now in use. 

2 . Tin-Base Alloys.~These are more generally known as babbitt 
metals. They have become of special use in the production of 
" automobile bearings and have also become commonly used in 

•; connection with various parts requiring acid-resistant or non- 

• corrosive properties. The following mixtures are representative 

of this class: 



Per Cent 

Per Cent 

Per Cent' 

Per Cent 

Tin 

00 

84 

9 

7 

8ii 

13! 

4i 

ySi 

I3i 

4i 

4 

Antimonv . 




3. Lead-Base Alloys.— These are alloys containing a high per- 
centage of both tin and lead. They are also used for bearings, but 
only where the speed is slower and the heat conditions are less 
severe, for example, in stationary engines. The following alloys 
may be considered representative: 


Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Lead. . ...... 

25 

6 ii 

io| 

3 

00 

67§ 

17 

oof 

75 

15 

to 

00 

84i 

5 

10 

ooj 

Tin. 

Antimony — 
Copper 



4. Aluminum-Base Alloys.— They may be divided into various 
groups: aluminum copper, aluminum silicon, aluminum copper 
silicon. Other elements, such as magnesium, manganese, and 
nickel, are sometimes introduced to give special color, toughness, 
or wearing qualities. 

In considering the various alloys used in die casting, the limits 
of weight, accuracy, and other properties possible in each are of 
interest. They may be classified approximately as follows: 

Limits,* Maximum Weights for Castings 


Pounds 

Aluminum-base . . .................. . . , . ...... 3 

Tin-base. 8 

Lead-base ... ... ....... 10 

Zinc-base. 6 


* These limits may sometimes be exceeded where the nature of the part is 
favorable to die casting. 
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Limits, Minimum Wall Thickness 

Lead-base......,...;./.. 

Tin-base. 1. ' . . *•••••- J 

Zinc-base. . — .......... j (on small castings) X 

luminum-base | (on small castings) J 

Possible Vaeiaiions eeom Drawing Dimensions pe! 

OF Diameter or Length ’ 


PER ii^ca 


Lead-base. . . 

Tin-base...... 

Zinc-base ‘ ■■■• 

Aluminum-base * * ° 

Where the distance involved is several inches 
sometimes be reduced. s, tJiese limits : 

Maximum Number of Threads 

Zinc-base, external. ,1 

Tin-base, external L Lr ceS 

Aluminum-base, external. 20 p« Fnch 


aluminum, where close fit is required the 
should be cast oversize and chased. Where SScalinifr^ 
threads may be cast in parts made from zint ^fn^or lelrfl 
alloys, but this is seldom possible in parts made’of alu^um. 

LColes 

o. SS-SSiS”., SSi:L“?,3 “'■'r™ 

can usually be spotted to facilitft^S Ji^ 

Draft 

Lead-base and tin-base. Cores 0.000c inch ner inch nf l.„ .u 
and diameter. Side walls o.oi inch per lich ^ ^®“Sth 

Side“w^iro:oo?iSx°p:r°S''^^^^^^ 

Brass Die Castings 
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ALLOYS FOR SPECIAL PURPOSES 
Alcunaite 

Alcumite is a non-ferrous alloy with a golden appearance. It 
melts at approximately i9oo®F. and remains strong and ductile 
up to about 1600 degrees. Ultimate tensile strength is about 
75,000 pounds, cast elongation, about 25 per cent. In rolled form 
the tensile is 100,000 to 110,000 pounds per square inch, and the 
elongation, 30 to 40 per cent. It resists sulphuric and most other 
corrosive acids and gases. 

Alcumite is an aluminum bronze alloy with a copper base and 
some iron, manganese and nickel. It is malleable, can be machined 
at 80 feet per minute, and welded. It can be cast and forged. 
Specific gravity 8.3; weight per cubic inch is 0.299 pound; it melts 
at i 900°F.; shrinkage is per foot. Brinell hardness is 130 for 
castings, 19s for hot-rolled sheets. Tensile strength is 75,000 
pounds for castings, 110,000 pounds for hot-rolled sheets. 

Aluminum 

Can be melted in ordinary plumbago crucibles, like brass, and 
will not absorb silicon or carbon to injure it unless overheated. 
Melts at i 2I7®F. or 625^0. Becomes granular and easily broken 
at about iooo®r. From 0.5 to 2 per cent. 

Shrinkage of pure aluminum. . . 0.2031 inch per foot 
Nickel-aluminum casting alloy. 0.1875 inch per foot 
Special casting alloy .... 0.1718 inch per foot 

■ The most used alloys have a strength of about 20,000 pounds to 
the square inch at a weight of one-third that of brass. 

Iron or sand molds can be used and the metal should be poured 
as cool as it will run to avoid blowholes. 

Burnishing .-— a bloodstone or steel burnisher, with mixture 
of melted vaseline and kerosene oil or two tablespoonfuls of ground 
borax, dissolved in a quart of hot water and a few drops of ammonia 
added. 

Frosting.— ‘Chzji with benzine. Dip in strong solution of caustic 
soda or potash, then in solution of undiluted nitric acid. Wash 
thoroughly in water and dry in hot sawdust. 

Polishing.— kny good metal polish that will not scratch will clean 
aluminum. One that is recommended is made of r part of stearic 
acid, I part of Fuller’s earth, and 6 parts of rotten-stone; grind fine 
and mix very well. 

Castings are cleaned with a brass scratch brush run at a high 
speed. Sand blasting is also used both alone and before scratch 
brushing. 

Spinning . — A high speed, about 4,000 feet per minute, is best for 
spinning. This means that for work 5 to 8 inches in diameter, 
2,800 to 2,600 revolutions per minute is good, while for smaller work 
of 4 inches this would go up to 3,200 r.p.m. 
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— Use a tool witE shearing edge similar tn a 
cutting tool, as they clear themselves better.^ Useleroseup 
as a lubricant, or if a bright cut is waTitpr^ 
drawing on a press use vasefine. ’ For 

Ascoloy 

_ Ascoloy is a chromium-steel alloy sometimes calle,! 
iron. It can be machined in about the same wav ae k* ^ 
steel and can be welded by either oxyacetylene Z arc akf 
former is preferred. Tensile strength aSnealef is sA onn "S'" 
Feat-treated it has shown soo.ooo poundT 
Brinell up to 364; good for use in mines. ^as a 

Bakelite 

Bakelite is a synthetic product formed from formaldeb,.^.. .. 
phenol or carbohc acid, which form a resin lite mat • i 

hardens with h^t. It k molded Into 40 ^^ aTd 
natmg sheets of paper or cloth with the resin and bS 
pressure, a very strong sheet is produced. Geare are 
sheets made up of strong cotton duck and b^elite 
service and long life. Specific gravity is i a? TetSwf 
p„duc« i 


from salts. t)y gnnding. It also resists corrosion 

Physical Properties 

Melting point. . . , 

Softening point * • ^777 degrees Fahr. 

Working temperature ■■■■'•• • 2500 degrees Tahr. 

Specific gravity 2200 to 2370 degrees Fahr. 

Weight per cubic inch. ... .’ * * * 7-03 

Tensile strength. ... ’ ••••■• v 25 lb. 

Brinen hardness, annealed ’ ' ’ ^ ^ square inch 

Scleroscope. . . * ■ • • • 286 

‘ ‘ ” V' . . ^ 

Buralumm 

ap?ro3mr4“4S44^^^^^^ 

per cubic ineh Tf /'an to 0.103 pound 
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Composition 

The composition of the finished alloy can be stated as follows: 


Copper 

Manganese. 

Magnesium 

Silicon 

Iron — ... 
Aluminum. 


Per Cent 
. . 3 * 5 ~ 4'0 

. . 0.5-0.75 
. . o . 5-1 . 00 
Under o . 60 
Under o . 60 
Balance 


Silicon and iron are generally impurities. The form in which 
the raw material is used is important and can be stated as follows: 


Ingot aluminum 

Copper-aluminum alloy. 

Aluminum-magnesium. . 

Aluminum-manganese. . 


. over 99 per cent purity 
/ Copper 50 per cent 
t Aluminum 50 per cent 
/Aluminum, 90 per cent 
I Magnesium, 10 per cent 
f Aluminum, 90 per cent 
t Manganese, 10 per cent 


Annealing 


Temperatures to which duralumin is subjected must be carefully 
watched and checked by the use of accurate pyrometers. The 
secret of good Duralumin lies entirely with the accurate tempera- 
tures used in alloying and in heat- treatments. Annealing should be 
done between the temperatures of 660 and 7i5°F., and cooled in 
air. At this temperature the metal becomes plastic and can be 
worked and formed into various shapes. The purpose of annealing 
is to increase the softness and ductility, so that it may be more 
easily formed into various shapes, such as stampings, also that it 
may withstand the strains to which it is to be subjected. 


Heat-Treatment 

I The tempering of Duralumin consists of immersing the metal 
parts in a salts bath, heated to a temperature of 895 to 95o°F., 
dien quenching in boiling water. The salts employed are potassium 
nitrate and sodium nitrate in equal parts. An important point is 
j the period of time necessary for the material to remain in the bath. 
I For annealing plates from 0.04 to 0.08 inch thick, 10 to 20 minutes 
I at 66o°F. are required, and for tempering, the time is from 7 to 
16 minutes at 93o°F. The methods of heating are by electricity, 
gas, or oil. Charcoal or coke should never be used, because the 
! gases given off, if they should combine with the nitrates used in the 
I bath, would result in a highly combustible and explosive compound. 


Machining 

Duralumin can be turned and machined at practically the same 
speed and feed as brass. It does not seize or drag the tools as do 
some aluminum alloys. Kerosene forms a good tool lubricant in 


i 


4 i' 


1080 METALS AND OTHER MATERIALS 

^reacEng or finishing parts, leaving a clean-cut surface A „• 
ture of lard oil and kerosene, in equal parts, will be found useM?" 
average work, men buffed. Duralumin takes a fine polisS f 
to silver, except that the surface lasts longer, as it does not w ^ 
in the presence of sulphureted hydrogen and similar gasel 

Everdur Metal No. 50 

Everdur is an alloy of copper, silicon, and manganese and 
pares physicdly with medium carbon steels, but fesists corrosh™' 
Specific gravity, cast, is 8.15, weight per cubic inch is o.aorS' 
Tensile strength, castings, is 50,000; smaU. hard-dr^vn^ -S' 
157,000 pounds. Melting point is ipas'E. It machines simS 
to high-grade bronze, and can be welded by either process! ^ 

Genelite 

Genelite is a_sponp bronze with about 40 per cent, by volume 
of graphite uniformly distributed in it. Its spongy nature S 
mts it to absorb about 3 per cent in weight or 20 per cent in volume 
of oil. It IS a teanng metal for piston-pin bushings and similar 
places. It IS diffi^t to cut as it dulls tools rapidly but can. be 
easily pound with the proper wheels. It should be compWelv 
supported because it springs easily. 'pwteiy 

Monel Metal and Incoael 

Monel metal is a trade name of a metal which is now made in 
three grades Monel is two-thirds nickel and one-third copper 
it IS a general-purpose metal that is rustproof, corrosion-resistenf 
and has a yield strength of from 25,000 to 115,000 pounds “K’’ 
Monel is 66 per cent nickel 29 per cent copper, and 2.75 aluminum 
It 3s non^gnetic and can be heat treated to 145,000 pounds yield 
Monel IS 67 per cent nickel, 30 per cent copper, and 
P5 cent sulphur It is free-machining and h^s a yield 
point abou^t 10,000 below Monel. Inconel, which is produced by 
he same firm, is 79 per cent nickel, 13 per cent chromium, and 
6 per cent iron. It is both heat- and corrosion-resistant, with yield 
points up to 140,000 pounds. ' 

Monel metal shrinks i inch to the foot in castings; should be 
poured at 2800 F* Cores should be made of washed silica sand and 
raw linseed oil, m the proportion of about 25: i for large cores and 
00; I for small cores. » 

, Pickling 

For heavily scaled Monel soak in 10 per cent (by weight) hydro- 
T inmutes at i8o°F., then dip in a sodium dichro- 
mate solution for 5 to 10 minutes at room temperature. This 
solution IS made by dissolving o.i gallon of sulphuric (66^B6,) and 
^ dichromate in i gallon of water. For unsealed 
solution IS I gallon of water, 1.5 gallons sulphuric acid 

sodium cMori^°“ 
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Welding 

Monel metal welds readily by gas or electric method. Monel 
rods should be used. Welding tip should be one size larger than 
for steel. An electric welding flux has been specially developed. 
Monel metal rods make a machinable weld on cast iron. Monel 
metal is easily soldered and brazed; clear surfaces are necessary. 

j Drawing and Punching 

, Reduction of diameter and depth of draw about as for steel, 
i but corners of dies should have larger radius to prevent tearing. 

I Metal is sticky” and tends to adhere to soft dies. Diameter of 
first cup is usually about two-thirds that of blank- Reduction of 
30 per cent in gage may be had in one draw with slight reduction 
■ in diameter. Clearances are usually greater than for steel; runs 
0.010 to 0.015 inch on metal from 0.1021 to 0.078 inch. Greater 
' power required than with steel. Proper adjustment of pressure 

^ plate and blank holder prevents wrinkling. Anneal at 1400 degrees 

^ between draws. Punches are designed about 75 per cent stronger 
> than for steel, with same clearance angles, 

I • . .. ■ 

i Spinning 

I Owing to toughness, Monel metal is harder to spin than copper, 
brass^ steel, or silver and requires more frequent annealing. Spin- 
ning tools should be brass, bronze, wood, or tool steel, not soft steel. 
Lubricate with tallow. No change necessary from ordinary speed 
of lathe. 

Bakelite 

Bakelite is made under a variety of names such as ‘^Dilecto,” 

! “Formica,” “Insurok,” “Lamicoid,” “Micarta,” ^‘Panelyte,” 

; “Phenolite,” “Spauldite,” and “Synthane.” Sheet stock weighs 

0.78 ounce per cubic inch, or 20.5 cubic inches weighs i pound. 
Specific gravity is 1.32 to 1.40. Suggestions as to machining are: 
Use saws just soft enough to file; band saws should have sJ teeth 
per inch and run 4,000 feet per minute; circular saws can run 6,000 
feet per minute. 

i Gear Shaping. — Use 100 to 130 strokes per minute roughing with 
, fairly fine feed; for finishing, use 500 strokes per minute with 0.0 10- 
I inch stock left for finish. 

« Milling. — Use high speed and coarse feed. Give tools 3 to $ 

j degrees more rake than for metal. Where possible, remove all 

; material at one cut. No cut should be less than i inch, 

j Drilling. — Use high-carbon ■ steel drills. Holes will normally 

be about 0.003 inch under size. To get a larger hole, grind the 
f drill off center. Use highest speed without burning and withdraw 
froni work quickly. Holes and smaller are drilled dry; use 
i lubricant with larger holes. Special drills can be had for this work. 

Threading. — Taps and dies used on metal are suitable if used with 
; lubricant. 
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Pundiing.-^Plaiii punches and dies suitable up to | inch diameter. 
Keep sharp, and use minimum clearance. Material should be 
heated to about 28o°F. on steam table. Sheets 1 to | inch should 
be blanked out and then shaved. Work should be heated and oiled. 
Shaving cutters should have 45 degrees rake. Heavier stock should 
be sawed out and machined in lathe or milling machine. , 

Shearing. — Heat to 120 to 3oo°F. to prevent chipping of edge. 

Dull Finish. — Rub with pumice; then with oil. For a dull matt 
use No. o emery cloth, finish with No. 00. For electrical work use 
sandpaper. 

Tapping Laminated Plastics 

Taps wear rapidly in laminated plastics as holes contract and 
bind in backing out. Carbon steel taps may tap 300 to 400 holes 
and high-speed taps double that number. Ground thread, high- 
speed taps when properly chromium plated will tap 1,000 to 1,200 
holes and can be sharpened and replated from nine to twelve times. 
Thread relief should be greater than for metals. Compressed air 
jets are the best ‘Tubricant.” Recommended tapping speeds for 
laminated plastics are given in the table below. 


Tapping Speeds pop Laminated Plastics 


Diameter of Tap, in Inches 

Revolutions per 
Minute 

Surface Speed Peet 
per Minute 

0.0590 

3.500 

54 

0.0787 

2.575 

S3 

O.09S4 

2,020 

52 

O.I181 

1,650 

SI 

0.1378 

1,390 i 

SO 

O.IS 7 S 

1,165 i 

48 

0.1772 ! 

993 

46 

0.1968 

855 

44 

0.2165 

742 

42 

0.2362 

647 

40 


SOME USES OF LEAD 

Sheet lead can be molded and united by soldering, welding, or 
burning. It is used for such work ^ roofing, flashing, valleys, 
water caps, etc. It is also used for lining tanks and acid containers 
where the corrosive effects of acids must be resisted. 

Lead burning, or autogenous soldering, is the process of joining 
two edges of the metal by fusion or melting without the use of any 
other metallic alloy. The union is accomplished by directing an 
oxyhydrogen flame upon the two surfaces or edges to be joined. By 
this process the possibility of cracking or breaking apart is practi- 
cally eliniinated, and the pliability of the lead is maintained. Lead 
burning is advantageous in chemical works for joining the edges 


r .":k 



m 1083 

of sheet lead for sulphuric chambers, tanks, vats, and concentrating 
pans, where solder containing tin would corrode. 

Lead wire and rods are used by engineers for testing bearings and 
filling inequalities in surfaces. It runs from 22 Birmingham gage 
to 1% inch. Lead washers are used extensively for gas, water, and 
electrical work and for similar work where it is desirable that the 
washer conform closely to the uneven surface. These are usually 
flat on both sides. For building and roofing purposes they are 
concave and are useful for preventing leaks in steel roofs and side 
walls. 

Antinionial lead, sometimes called “hard lead,’’ consists of pure 
lead with addition of antimony to provide stiffness. If the per- 
centage of antimony is not too high, there is no change in the 
desirable properties of the lead. Excessive use of antimony in 
lead adds to the possibility of cracking, and the lead thus brittleized 
is difficult to handle and work. The hardness of antimonial lead 
! is a desirable feature when made up into sheets and makes it 
especially desirable for lining deep tanks. Its hardness prevents 
it from being injured in contact with materials or equipment. 
Approximate tensile strength is double that of pure lead, and 
lighter weight sheets can therefore be used. American Smelting 
and Refining Company supplies sheets with percentages of anti- 
mony up to 7, but recommends 3 to 4 per cent antimony. 

I INDUCTION HEATING 

j Heating metals by high frequency current dates back to 1916, 
j but has only recently come into use in production. Among its 

1 advantages are that heat can be localized and that the heating 

i period is so short that both distortion and oxidization are mini- 
I mized. Properly designed fixtures make it possible to secure uni- 
form and highly satisfactory results with a minimum of training. 

I SALT BATHS FOR ALUMINUM* 

Sodium nitrate— or this plus potassium nitrate, equal parts— 
melts below annealing temperature. For rivets, avoid contact with 
salts. The rivet containers may be put in metal tubes with caps 
and handles made 2 to 2| inches in diameter to hold them. The top 
of the tube should be at least 4 inches below the salt bath. Quench 
in water 85 to ioo°F. 

; * Army-Navy practice, adopted July 2$, 1942. 
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SECTION XXII 
MACHINE FORGINGS 
STEAM HAMMERS 

While it is impossible accurately to rate the caDaritv nf 
hammers with respect to the size of work they shmilrl 
account of ^e greatly varying condSs a few Zi w 
experience of the Niles-Bement-Pond Company will be of ser^ir^ ^ 
For malang an occasional forging of a given size a 
mer may be used than if we are mlnufacturinglhis 
large qu^titira. If we have a 6-inch piece to forge such a? a •*"' 
ion or a short shaft, a hammer of about 1 loo nounds ca ^ 

a^wer very nicely. But should the general work bfas fa 
this, it would be very much better to a t 

work, although it wiU be understood that it is necessanr v 
these to suit conditions, as has already been indicatS.^ ‘ 

3i Inches Diameter of Stock Size of Hammer 

4, Inches. , 250 to 350 pounds 

4i Inches.. 350 to 600 pounds 

5 Inches. | 600 to 800 pounds 

6 Inches ^.000 pounds 

^*^00 to I, soo pounds 

s?r4f “ 

operated at pressures varying from 

by comprised lui .1 “i “POMed 

~.ny £?e? S if 
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I practically safe to say that all of the hammers are never in use at 
I the same time. In a shop with a single hammer, on the o.ther hand, 
i and especially where hard service is expected, it is necessary to allow 
; the larger boiler capacity since there is no reserve to be drawn on, 

! owing to part of the hammer’s being idle, as in the other case. 

I DROP FORGINGS 

Draft in Drop-Forging Dies 

In sinking dies for drop forging, it is important that the draft at 
the sides of the impression should be made as small as possible to 
avoid heavy cuts in the machining operations. It is equally impor- 
tant that the draft be sufScient to allow the forging to be easily 
withdrawn from the die, else production under the hammer will be 
hampered. The standard draft (or draw) for most dies is 7 degrees 
from the perpendicular, but other angles are used in special cases 
and sometimes two or three different angles of draft are used in the 
same die at different parts of the impression. 



f Figure i shows the plan and side elevation of a lower die where 
, three angles of draft are advisable. The shoulders .4 and J 5 are 
places where the metal is likely to hug on account of the contraction 
= of the hot metal along the part marked C, which is of comparatively 
small cross section and will cool rapidly. These shoulders are given 
an angle of 9 degrees. The inserted tool-steel plug D is another 
place where metal is likely to hug badly. It is usual to give such 
plugs 12 and even 15 degrees of draft on each side. Moreover, the 
tendency of plugs to get “ jumped up,” hammered over, and badly 
heat-checked is much reduced if they are given a big draft. The 
part marked E is semicircular and will draw easily. The end of E 
i at F is a part of a sphere. All other sides of the impression are 

I given 7 degrees draft. If the die is smooth and regular the forging 

j will draw easily. 

f All impressions are laid out to i inch to the foot shrink rule. 

This allows for a shrinkage of about o.oio inch to the inch. The 
I same shrinkage is allowed in the thickness of forgings. For 

j example : A forging is to be 2 inches thick with half the thickness in 

i each die. The depth of impressions will be i .010 inch in each die. 

1 In laying out the impression on the face of the die, allowance has 

j been made for shrinkage in length , thickness, and breadth of forging, 

[ and, in addition, for the draft on the sides. In complex dies where 

;! there are many different depths and offsets on the face of the die, the 
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die_ sinker has to keep all these points constantly in mind mi, -t 
laying out or run the risk of spohing the whole jo^ ““<1 while 


Draft Dimensions 

The allowance for 7-degree draft is easy to rememhpr k • 
almost eactly ^ inch at the face of the die for each i in“h of dpS 
Table _i has been calculated to give the allowance In thoSil ' 
of an inch on actual depth, as measured with an ordinary denrt 
pge. It IS not usual m marking out to work closer than^ iS? 
but the arrangement of the table in thousandths allows the nearest 

in Thousandths op an Inch at Face nc 
Die for Standard Angles op Draft and Various d4™= 
OF Impression ^ 




inch to be taken The best plan is to take the allowance for the 
angle at i inch depth as a constant and figure out the allowance for 
the particular depth wanted from the expression 

Draft allowance = 

' ^ ■ 

where C = a constant and D = the depth in inches. 

, MAKING' Types ' 

shown in Fig 2, is generally used as a guide for chipping 
and scraping out the spherical end of the semicircular Dart It if 
not usual to make the curve on the end conform to any particSar 
mean angle of drMt. Most diesinkers merely turn the e^d of the 
type to a curve ttat looks right to the eye. However uniformitv 

feXn ^ ^ - given as fhelpto^ 

direction. _ It gives the values of the_mean angle of draft with 

of the diameter of the type. It will 
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Table 2 . — Mean Draft of Spherical End of Cylindrical 
■ . Type 


When Radius of End of Type is Mean Angle of Draft in Degrees is 


2-1 X Diameter of Type 
2|X “ 

2 X “ “ 

i|X “ “ 

liX “ 


be noted that if the radius f is made twice the diameter of the type, 
the mean angle of draft is 7i degrees. This rule is easy to remember 
and a good one to adopt as standard. A good and easy way to get a 
close approximation to the required curve is as follows: Turn a 
cylinder of tool steel to the required diameter. Face the end square, 
scratch off the distance GE equal to the allowance for draft obtained 
from Table i, remembering that the depth is half the diameter of 
the type. Turn the end to a curve which is uniform to the eye from 



Mean Angle 
of Draft 

Fig. 2. — ^‘Type” for Die Draft 



Fig. 3.— -Diesinking 
Cutter at Work 


the center to the scratched line H, After the type is hardened it is 
ready for use. 

Semicircular impressions are finished with ball cutters of the cor- 
rect diameter. When a ball cutter of the correct diameter is not at 
hand and the job will not warrant making one, the following 
method may be used. The center line of the impression is pro- 
jected to the end of the die. A semicircle is scribed on the vertical 
surface of the end. After the impression is roughed out, a smaller 
ball cutter is placed in the chuck of a diesinking machine and the 
knee and slides manipulated until the cutter is in proper relation 
to the semicircle as shown in Fig. 3. A square is used to indicate 
when the curves of cutter and semicircle are coincident, as at L 
The micrometer dials are now set, the lateral slide locked, the knee 
lowered, the longitudinal slide operated until the cutter is in posi- 
tion over the impression and the ball tool sunk into the die until the 
micrometer comes to the position set at the semicircle on the end. 
A longitudinal cut is taken with this setting. The cutter is then 
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placed in another lateral position and the operation of setting 
cutting repeated. It may be necessary to perform this ODeriti^S 
several times, and even then the result wiU be a series of 
and ridges instead of a uniform, semicircular depression. Thi<; 
be readily corrected with the scraper and riffler. , 

An aid in testing the accuracy of semicircular impressions k 
shown in Fig. 4. If the semicircle is true, the corners of the square 
will touch in all positions when the sides are 
resting on the edges of the impression If 
the square rocks on the corner in any posh 
tion, that spot is high and must be scraped 
down. This test must be made before the 
' flash is milled in the die. 

Swaging 



Fig. 4 Swaging is also called “swedging” in some 

„ , localities and is a forging process which is 

usually done cold, by a large number of repeated blows acting on a 
revolving die which shapes the work. While swaging is usually con- 
fined to comparatively small sizes, some automobile axle ends are 
shaped by this method. These are swaged hot and are held within 
very close limits. This process saves the metal that would be wasted 
in chips. The capacity of a machine is usually about half as much 
on solid work as on tubing of the same size. The power required 
varies from i horse-power on machines for f-inch tubing to 7 1 horse- 
power for 2-inch tubing. 


Forging Hammers 

Improved alignment and quick return in modern forging ham- 
mers, has, according to R. E. W. Harrison, made possible the reduc- 
tion of draft in dies from 7 to 3 degrees in many cases. This 
materially reduces the amount of metal to be removed in machining. 
Factors which govern the selection of the correct size and capacity 
of forging hammers are: 


1. Required die-face area (governing ram and cap face areas). 

2. lotal cubic inches displacement of metal to be effected (governs the 
power required in the tool). 

3. Amount of preliminary drawing, fullering, and bending (governing 
type of tool— steam, air, or board). 

4 * Thin-section forgings which naturally cool rapidly can generally be 
made more economically on board hammers because of lower maintenance 
cost occasioned by relative ability of the board-type hammer to adapt itself 
to tne load. (Board hammers are available up to s. 000 pounds capacity.) 

5. eight of die to be manipulated (has bearing on amount of power 
required), 

6. Possible multiplicity of impressions in the dies (has bearing on size of 

ram). ^ ■; : ■ 

1.^7. ^Availability of different sources of power (air, steam, electricity, or 

8. Ec^oimc balance between size capacity of tool and anticipated work 
load. (Continuous production usually justifies a heavier tool.) 

9. On lugh-production forging work it has been shown to be economically 
agitable to keep the ratio of falling weight to anvil assembly at not less 
than 2 S;i. 
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Drop-Forging Data^ 

With lever such as shown in Fig. 5, the designer decides on a 
parting line {PL) which establishes all the formation above the 
parting line as being sunk or formed in the face of one die block 
and the balance in the companion die block. Although many 
pieces can be sunk with flat faces because the PL is straight, in the 
case of the lever shown, the PL must change from one level to 
another to part through the centers of the -5^ inch diameter and the 
^ inch radius and. to clear properly. This creates a locked die, 
meaning that the die faces which carry the impression are of irregu^ 
lar topography. 



It is also necessary to decide on a forging plane which is an 
imaginary plane at right angles to the die reciprocation and is 
important since all clearance or draft must be measured therefrom. 

; Frequently, pieces may be tipped in the die to produce natural 
^ draft at important points. 

Drop forgings are subject to a variation in thickness dimensions 
(all dimensions perpendicular to the forging plane) aniounting to 
i 0.015 inch on very small forgings to ^ inch on very large forgings. 
The variation on the average small forging is ^ inch which may be 
regaTded as^ plus ^ inch minus o or plus br minus inch, or plus 
o minus ft inch. Lengths of forgings may vary as much as plus or 
minus 0.003 inch per inch of length. Maximum permissible 
tolerances should be indicated wherever possible. Surfaces of 
parts to be machined or ground should show or specify allowances 
for finish, usually ft to ft inch on a surface, but as little as ft inch 
I on very small pieces and as much as J inch on very large forgings, 

i If the surface also carries draft, the draft is considered additional 

? ^ J. H. Williams Company. 
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J 




! ri 

< |i 




■ 


I 

I 




<" Draff equivct/enf 


^rafA-A '^i'Angr/eofcfrcrff 


Depth in Inches 



S Degrees 

7 Degrees 

0.0027 

0 . 0038 

o.ooss 

0.0077 

0.0082 

O.OII5 

0.0109 

0.0153 

0.0137 

0.0192 

0.0164 

0.0230 

0.0192 

0.0269 

0.0219 

0 . 0307 

0.0246 

0.0345 

0.0273 

0.0384 

0.0301 

0.0422 

0,0328 

0.0460 

0-03SS 

0 . 0499 

0.0383 

0-0537 

0.0410 

0.0576 

0.0438 

0.0614 

0.0492 

0.0691 

0.0547 

0.0767 

0.9601 

0.0844 

0.0656 

0.0921 

0 . 071 I 

0.0998 

0 . 0766 

0.1074 

0.087s 

0,1228 


Table 3. — Die-Draet 
Equivalents 


IQ Degrees 
~ °-OOS~ 

O.QIIO 

0.0165 
0.0220 
0.0276 
0.0331 
0.0386 
o . 0441 
o . 0496 
0.0551 
0.0606 
0.0661 
0.0716 
0.0771 
0.0827 
0.0882 
0.0992 

O. 1102 
O.I2I2 

o. 1322 
0.1433 

0.1543 

0.1763 
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thereto. Phantom lines are shown at the points marked A on the 
accompanying lever to indicate the machined surfaces. 

The standard draft angle is 7 degrees around all exterior surfaces. 
Interior draft, such as holes in the forgings, which form frustums 
of cones in dies, as at B, should have 10 degrees draft. Lesser 
exterior draft, such as 3 and 5 degrees is frequently permissible, but 
always at some increased cost of forgings through more rapid 
failure of dies. See Table 3, Die-Draft Equivalents. 

Ends of round sections are generally milled in the dies to create 
a spherical end crown known as “radial draft.” Such 7-degree 
draft is depicted on drawings by swinging a radius equaling twice 
the barrel diameter, that is, a | inch radius for ^^-inch diameter 
barrel; but it is never dimensioned, however, as at C. The same 
applies to half-rounds. 

Fillets on forging drawing should be as large as possible, as at D, 
to assist the flow of hot metal and promote economical manu- 
facture. Similarly projecting corners or edges should be nicely 
rounded since very sharp corners tend to propagate die checks or 
cracks and premature die failure. The usual broken corner on 
forgings is A" A radius. Draft angles are subject to increase 
as the dies wear. For this reason it is best to make new dies with 
as little draft as good practice permits. 

Very narrow and deep depressions in the forging itself are weak 
male protrusions in the dies, which do not stand up under heat and 
pressure of hot metal during forging. They must be moderated in 
depth and carry 10 degrees draft as a minimum and good fillets. 
The depth of a depression or forged hole in either half-die should not 
exceed two-thirds of the least width of the depression. 

Very thin ribs or webs on forgings should be avoided whenever 
possible, particularly on alloy-steel forgings. Thicknesses of ^ to 
J inch or greater are preferable for best production and lowest cost. 

Accurately placed drill spots of 105 to 120 degrees included angle 
can be provided in the forging, as at E, on any surfaces approxi- 
mately parallel to the forging plane to aid in drilling. 

The forging operation produces a flash or surplus of thin waste all 
around the outline at the parting line, which is sheared or trimmed 
off close to the body by a hot or cold operation. A trimming 
flat, as at K, is left from ^ to i inch in width, depending on the size 
of the piece and the newness of the die. Unavoidable variations 
in trimming may cause a very slight bulge of flash to remain. 
Whenever portions of the trimmed outline must be held very close, 
the drawing should so specify. 

Tolerances for Forgings 

Standard tolerances for drop and upset forgings were adopted 
by the Drop Forging Association on Feb. ii, 1937. They are in 
two classes: regular and special. Regular tolerances are of two 
classes : commercial standard and close standard, the latter being 
used only where specified. 

Regular tolerances apply to thickness; width, which includes 
shrinkage and die wear, mismatching, and trimmed size; draft 
angle; quantity; fillets, and corners. Thickness tolerance applies 
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•Shrinkage and Die Wear 


Net Weights 

Commercial 

Close 

Pounds 

“ 4- 

- 


0.2 

0.008 0.024 

0 . 004 

0.012 

0.4 

0.009 0.027 

0 . 005 

0.015 

0,6 

o.oio 0.030 

0.005 

0.015 

0.8 

O.OII 0.033 

0 . 006 

0.018 

1 .0 

0.012 0.036 

0 . 006 

0.018 

2.0 

0.015 0.045 

0 . 008 

0 

0* 

3-0 

0.017 0.051 

0 . 009 

0.027 

4.0 

0.018 0.054 

0.009 

0.027 

5-0 

0.019 0*057 

O.OIO i 

0.030 

10. 0 

0.022 0.066 

O.OII 

0.033 

20.0 

0.026 0.078 

0.013 : 

0.039 

30-0 

0.030 0.090 

0.015 

0.045 

40.0 

0.034 0. 102 

0,017 

0.051 

50.0 

0.038 0.114 

0.019 

0.057 

60.0 

0.042 0.126 

0.021 

0.063 

70.0 

0.046 0.138 

0.023 

0 . 069 

80.0 

0,050 0.150 

0.025 

0.075 

90.0 

0.054 0.162 

0.027 

0.081 

100 . 0 

0.058 0.174 

0.029 

0.087 



Shrinkage, Inches 

I 

Pie Wear 

in Pounds 

Widths Up 
to 

Commer- 

cial 

4- or — 

Close 

4- or — 

Net Weight 
Up to 

Commer- 

cial 

4. or — 

Close 

4 * or 

I 

0.003 

0.002 

I 

0.032 

0.016 

2 

0.006 

0.003 

3 

0 - 03 S 

0.018 

3 

0.009 

0.005 

5 

0.038 

0.019 

4 

0.012 

0.006 

7 

0.041 

0.021 

5 

0.015 

0 . 008 

9 

0.044 

0.022 

6 

Each ad- 
ditional 

0.018 

0.009 

II 

Each ad- 
ditional 
2 pounds 

0.047 : 

■ 

0.024 

inch add 
For exampL 

0.003 

b: ■ „ ■ 

0.0015 

add ..... 
For examp’ 

0.003 

,e: 

0.0015 

12 

0.036 

0.018 

21 

.0.062 ", ■ 

0.031 

18 

0.054 

0.027 

31 

0.077 

, 0.039 

24 

0.072 

0.036 

41 

0.092 

, 0 . 046 

36 

0.108 

0.054 

$1 

0.107 

0.054 

48 

0.144 

0.072 

71 

: C>.I 37 

0.069 

60 

-• I 

0.180 

0.090 

1 

91 

0.167 

0.084 
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to over-all thickness, and in the case of drop forgings this is counted 
perpendicular to the parting plane of the die. On upset forgings 
they apply to the direction of ram travel, but only to such dimen- 
sions enclosed and formed by the die. Table 4 shows tolerances 
for thickness. 


Table 6. —Mismatching Tolerance 
(In Inches) 


Net Weight in Pounds 
up to 

Commercial 

Close 

' I ' 

o.ois 

O.OIO 

7 

0.018 

0.012 

13 

0.021 

0.014 

19 

0.024 

0.016 

Each additional 



6 pounds add 

0.003 

0.002 

For example: 



37 

0.033 

0.022 

55 

0.042 

0.028 

79 

0.054 

0 . 036 

97 

0.063 

0.042 


Width and length tolerance are alike, their application being the 
same as for thickness, in both drop and upset forgings. Tables 5 
and 6 show the tolerances for shrinkage and die wear and for mis- 
matching. Shrinkage and die wear apply only to the part formed 
by a single die block. They are the sum of shrinkage and die- 
wear tolerances and are not used separately. 


Table 7.— Draft- Angle Tolerances for Drof-Hammer 
Forgings 
(In Degrees) 



Nominal 

Angle 

Commer- 

cial 

Limits 

Close 

Limits 

Outside.. 

7 

0 to 10 

0 to 8 

Inside holes and depressions. 

10 

0 to 13 


7 

1 0 to 8 





Mismatching applies to the errors due to misalignment of the 
dies. It does not include displacement caused by variations in the 
thickness of the forging. Mismatching tolerances are independent 
of, and in addition to, any other tolerance. 


L 
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Trimmed-size tolerance must not be greater or less than the 
limiting sizes at the parting plane, imposed by the sum of the draft- 
angle tolerances and the shrinkage, and the die-wear tolerance. 

Draft-angle tolerances are the permissible variations from the 
standard angle of draft. These are shown in Tables 7 and 8. 


Table 8. — Deaet-Angle Tolerances eor Upset Forgings 
(In Degrees) 



Nominal 

Angle 

Commer- 

cial 

Limits 

! , 

. Close' 
Limits 

Outside 

3 

0 to 5 

0 to 8 

0 to 4 

0 to 7 

Inside holes and depressions 

5 




Quantity tolerances are the permissible over- or underrun for 
each release or part shipment. Any shipment within these limits 
completes the order. This applies to both commercial and close 
tolerances. These tolerances are shown in Table 9. 


Table 9.— Quantity Tolerances 


Number of Pieces 
on Order 

Overrun 

Underrun 



Pieces 

Pieces 

I to 

2 

I 

0 

3 to 

s 

2 

I 

6 to 

19 

3 

1 , ■ . I 

20 to 

29 

4 

2 

30 to 

39 

S 

2 

40 to 

49 

6 

3 

50 to 

59 

7 

3 

60 to 

69 

8 

4 

70 to 

79 

9 

4 

80 to 

99 

10 

5 



Per cent 

Per cent 

100 to 

199 

10 

5.0 

200 to 

299 ; 

9 

4-5 

300 to 

599 1 

8 

4.0 

600 to 

1,249 

7 

3.5 

1,250 to 

2,999 

6 

3-0 

3,000 to 

9 i 999 

S 

2.S 

10,000 to 

39 j 999 

4 

, ,';2.0 ■■ ■ ' 

40,000 to 299,999 

3 

;■ .T.'S 

300,000 up 


2 

'I,. O' 
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Fillet and corner tolerances apply to all meeting surfaces, even 
though drawings indicate sharp corners. If the drawings or models 
show larger fillets or corner dimensions than those shown in the 
table, these dimensions shall be followed and considered as special 
tolerances. 

Fillet tolerances apply to inside corners and edges in which sur- 
faces meet at an angle less than i8o degrees. Corner tolerances 
apply to outside corners and edges where the surfaces meet at an 
angle greater th^LTi i8o degrees. Where a comer tolerance applies 
on the meeting of two drafted surfaces, the tolerances apply to the 
narrow end of this meeting and the radius will increase toward the 
wide end. The total increase in the radius will equal the length of 
the drafted . surface in inches, multiplied by the tangent of the 
nominal draft angle. 

The radii of fillets and corners may be any value not greater than 
those given in Table 10. 


Table io.— Fillet and Cobner Tolerances 
(Radii in Inches) 


Net Weight in Pounds 
up to 

Commercial 

Close 

0-3 

& 

■is . 

1 .0 

. : i ■ ■■ . 

' A ■ 

3.0 

' ' ' ^ 

A „ 

10. 0 

^ ■ A' , ■ 

A 

30,0 

A. ' . 


100. 0 

i ■ 

i ■ 


Drop-Forging Insert Bies^ 

To decrease costs, Westinghouse uses insert dies for such sym- 
metrical forgings as lend themselves to this treatment, such as the 



PiQ, d.—Forging Made with ‘‘Insert’* Dies 

(. pieces shown in Fig. 6. Inserts, as in Fig. 7, are used instead of 
I making solid forging dies. Several sizes are made at once and kept 

I in stock. The inserts are of chrome-vanadium steel with 45-55 

point carbon. They are hardened to 42-47 Scleroscope before 
' machining with carbide tools. Special tapered keys hold the 


1 T. H. Skerka. 
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inserts by the V groove around the insert. Two countf^rKA j 
screw holes permit the use of eye bolts in removing the ilZt 

% A -> l^k 



A 

B 

c 

8 

7'5l6 

4 

\0% 

10 'Ae 

4M 

13 

12 '^6 


18 

17 '^6 

A-% 


Fig. 7.— How Die Inserts Are Made. 


sizes are shown in Fig 7 

Savings up to 60 per cent have been made by using inserts. 
Forging Heats 

W. E. Jominy of the General Motors Research TflKrti-QfA • 

i.“srs“fE“;us'r“' “ 

S.A.E. Degrees 

1015. ; Fahrenheit 

1030 .......... * ’ 

1050. 2350 

1090 ... * ^300 

* ........ 2150 

Forging Machine Dies* 




1 

Gt>fpp/ng ^/e 


paSrsJu 4 nt^T 3 ? = "f lif-ttention need be 

* Courtesy National M^ltifery Co ^ 
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near the middle of the unsupported length. These prinGiples hold 
irrespective of whether the stock overhangs the face of the gripping 
dies, or whether any portion is gathered in either gripping dies, 
heading tool or both. 

Rule 11 .— Lengths of stock more than can be gathered or upset 
in one blow provided the upset is contained in either the gripping 
die or a straight or slightly tapered hole in the heading tool, and 
the diameter of the upset made in that blow is not more &an i|d. 

Note A: Multiple buckling will be checked by contact with sides 
of the die, and friction therewith will cause a fin to form around end 
of upset. Such long upsets cannot be made half in one die and 
half in the other, for central buckle will receive no side support. 

Note B: A safer maximum is 1.3d, and if Rule I is also applied, 
the upset will be free from end fins. 


J^dmax. 

< — — — ->j 

LJ 


r"] 


1 1 

! ^ A 

i 

'aper 


Heading 

Tool 

Gripping Die 


Fig. 9. 


Note C: For very long upsets, it is helpful to have the end of the 
bar at a lower temperature, and to have a minimum diameter upset 
for the outer half of the die, the inner half tapering 4 degrees to 
wider diameter at the base. 

Note D: In upsetting tubing, wall thickness cannot be increased 
externally more than 25 per cent at one blow; internal upsets are 
almost unlimited because arch effect prevents internal buckling. 
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beyond the face of tbe die must not exceed id (operation i, at 
right). ■ 

Note A: Unsupported stock can amount to i^d if diameter of 
upset is reduced to i\d. 

Rule IV.— Large amounts of stock can be gathered by multiple 
application of Rule II and III, and by using square or tapered 
impressions. 

Note A: In making the wide flange in sketch at left, below, the 
first and second impressions are within the i^d limit, but the third, 
being a short upset under Rule I, is unlimited in diameter. 

Note F: The side of the square may be i^d of the original bar, 
and the diameter of the next round may be i| times the diagonal of 
the square. 

Note C: Tapered holes are proportioned as to their diameters at 
midlength of unsupported stock. 

Rule V. — Sliding dies, for upsetting stock at some distance from 
the end of a bar, are governed by all the above rules. 


Fig. II. 

Note A: Friction along the sides of the sliding die will favor 
upsetting near its front end, so multiple impressions should be 
alternately jn front and rear half, or alternately in sliding die and 
die, as shown in lower part of sketch. 
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KNOTS AND SLINGS 

KNOTS AND SLINGS FOR HANDLING WORK 

Tlie knots described have been useful in work in out-of-the-way 
places; No. i indicates the meaning of the terms employed. 

No. 2. Simple or Overhand Knot. — ^The simplest of all knots to 
tie, and may be used as a stop on a rope. A free end is necessary to 
make it. If strained, it injures the fiber of the rope more than a 
figure-8 knot, and it is difficult to unmake and liable to jam. 

No. 3- Double Overhand Knot. — Used for the end of a rope when 
it is required to prevent its going through an eye, as in a pulley block 
or for the end of a halter rope. Also useful for shortening a rope and 
may be made with any number of turns: A in the illustration shows 
the first position; By the knot finished with two turns; and C, one 
with four full turns of rope. 

No. 4. Figure~8 Knot (Flemish). — May be employed as a stop on 
a rope; is less injurious to the fiber of the rope, and more easily 
undone than either the single or double overhand knot. If made 
with the rope doubled and the bight left long, it becomes a figure-8 
hoop knot. 

No. 5 . Stevedore Knot— End of the rope is wrapped twice 
around the standing and then passed through the eye. Useful as a 
stop on a rope to prevent the end going through an eye, as in a 
pulley block (see double overhand knot). Also employed instead 
of sewing the rope end with twine. 

No. 6. Boat Kiot (Marlinespike Hitch) — Suitable for quickly 
making a rope ladder, or getting a temporary pull on a rope with a 
marlinespike. No free ends required to form this knot. Point 
marked A must always be at the back of the spike or rung of the 
ladder, away from the direction of the weight or pull. 

No. 7 . Slip Knot (Simple Rtmiung Knot).— The simplest kind of 
slip knot. It may be used similarly to the packer’s knot, but is not 
so good, as it is liable to pull through and does not bind on the rope. 

No. 8 . Tomfool Knot (Double Running Knot).— When the loops 
are drawn taut and the ends tied, this makes a pair of handcuffs 
which it is almost impossible for the person so secured to undo . It 
may be used as a barrel sling, half hitches being put on the ends, and 
the hook put under the knot itself. The bight marked 3 is passed 
through the overhand loop as shown by the dotted line. 

No. 9 . Flemish Loop. — This knot makes a simple loop for light 
work and may be used in the same way as a bowline, but is not so 
quickly made; neither is it so secure nor so easily undone. The 
security depends almost entirely upon the check knot. 
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■snrt genially useful knot when a loop of anv 

end of Ae other rope taken through as if tying an ordfntf*^ 
bowhne. This knot is practically a sheft bend. ^ ® 

No. 12. jR.unrung Bowline. — As shown in the first position a t.nit 

tlif' dotted), and the end is passed trough and 
to the back of the part marked B. This is a good slip knot 

not tighten on the standing, always remaining open. ^ 

^ Bight.-— -The part .4 is Dassed » 

and then in t^ direction of the arrow to C. The bight B is then 
pulled taut The two loops of this knot may be used as a man sling 

^ double man harness, one loop under each’ 

shoulder. When tightened it will not slip. ^^aer each 

of an injured man, one of the loops can be keot shortDr 

seSrfS ““ ““ 

for small ropes. The lower, or figure-8 knot, is a better fornfanri 
may be used on ^ larger rope as it injures the fiber less than the 

require a greater length of rope than 
the bowlmes, but may be used in similar ways. 

No. IS Man-Harness Knot— This knot can be tied in a moe 
with neither end free. The bight A is pulled through Sder B and 
over C,^and the knot puOed taut. It is useful as Stefa number 
of men to get a good purchase on a rope for hauling- alsfto out^tenn^ 
“nf f other thSe fds^"‘ 

Packer s j£not.— A modification of a simple slip knot but 
has the advantage, when pulled tight, of biting on the stendiLf t 
^ particularly useful for cording 

aSded Llf Sonfctandteg^ ““ made permanent by an 

f eTsfrofe, meSB hted^bS" 

. No. i8. Modified Fisherman's Bends.— These are given as 

or S"*— ? bettor motiod thao tie gooseneck 

or larK s -uead (Fig. 20) for securing a rope to a chain or link Tt i*q 

tel°.f f ■*° ^ bail of a Udcf Laste 

ing at ^ IS necessary to prevent pulling through. As shown in fir^t 
posihon, two turns are taken over the Ink and^L efd brought 
in front and passed through the turns as shown dotted * 
rh^n' ® Head.— Useful for fastening a rope to the link of a 
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No, 21. Half quick and simple way of seeuring a rope 

to a timber when no great pull is expected. The rope end is placed 
under the pole, then back over to the right as shown. The end 



must always be placed right at the back away from the pull, as 
shown at A . The right-hand sketch shows the hitch with a slip to 
facilitate undoing. 
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-V'ZNOTSANB'SLING^^^ 

, Ko. 22. Hitch.— This is the best and simplest of a]^ t-imk 

hitches and may be used for towing or otherwise hiandlinff 
rods, pipes, etc.; also for starting lashings on scaffolding or 
kind^of pole work. For raising o? lowering 

cent^^ gLity toS^S^ 

wTitf 1 ^^P-.—This IS one of the most useful of all hitched* 
^ in either direction without slackening It fc 

used for moonng ships, heads of derricks for guy lines and ail 
of rigging work. It may be easily undone, or a bight may be nnff 

instead of one end to peas a Shi When comXcW to & 

hitch on a horizontal bar, the rule is over and back befow or th^ 
rewrse of procedure in tying a half hitch. ’ 

_ 0. 24. Rolling Hitch. This lashing is used for getting a on 

a large rope with a smaller one. Made in a chain it can be fnS* r 
to wire ropes and wiU not slip when the load has been 
It is also suitable for hauling on electric cable*; nr 
^amond driU or other rods® For securing S en/i 
brought down and be lashed to the large rope L makiii Snri 
th?n spar tvyice, then returned back as shown^at (jf 

to over behind as at (4), and up and under as at (5) 

toSto® two ropes 

sling*!’ “ eye, generally used for an adjustable 

a half_hitch is taken around each bight This knot will i- 

not sUn a b ^ 5 ^ i °w is a bowline. The bowline will 

rope, and is to cSled “ WitoVS®”'' Tte ste ^ 

necessLTobTr"' '''?;-"^- ^ is Suiarly'"Lt'’wren k 

simK^ul ^ ^ knot has all the good points of the 

No. 30.— Clove or double half hitch. 

No. 31.— Timber hitch. 

nS: 
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the weight to be moved. H A were the weight and IF the post, the 
blocks being left as shown, then it would be wrong. The advantage 
of the right way of doing it is that the leverage due to one additional 
part of rope in the tackle is gained. Thus a three-part fall, rigged in 



square or 
Ree^Knot used 
OQlyforJoInlng 
Two Ropes Together 


(27) Slinking A Plank 
,0n Edge forScciff6ldl»^ 


(26) &heep^ Shan kibr 
Taklng-up Slack 






A, Semine in A Sight 



Clove or Double 
H-itch 




(35) Studding Saif H/toh, 
U&efui In Hoi&tjng'nmhef 


Timber Hitch 


^2) Clove or Double 
Half- Hitch Adapted 
for Hauling 



(5^) Timber and Kcilf- 
Hitclt. Useful In Hoistlnq 
Shaftef or Tim be rs. To ^ 
Vertical Positions 


(J^) TheRiahtWflwioKio o T&ckle 


r» 




IIP*' 


* 
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the right way, is as good as a four-part fall rigged in the wrong way, 
and has the additional advantage that there is one less sheave with 
its friction. In lifting a heavy weight, it is sometimes desirable to 
put a tackle on the fall to gain additional leverage; the common 
practice in a case of this kind is to hitch the auxiliary tackle to a 
“dead man.’* The right way is to hitch this tackle to the piece to 
be lifted alongside the main tackle, which adds considerably to the 
leverage, being equivalent to one more part to the main fall besides 
the gain by the use of the auxiliary fall. 

SAFE LOADS FOR EYE-BOLTS AND FOR ROPES 
AND CHAINS 


Table i, — Saee Loads eor Eye-Bolts 



Threaded 

Diam. 

Inside 
Diana, 
of Eye 

Diam. 

Metal 

Around 

Eye 

Safe 

Load, Lb. 



1 

li 


X,IOO 



A 


¥ 

1,500 



i 

tih 

f 

1,800 



i 

Hi 

i 

2,800 

Drop-forged steel 


i 

1 

2* 

li 

U 

3,900 

5,100 




2/ff 

13V 

8,400 



I i 


X 1 

12,200 


1 

li 

3 ?<r 

1 1 

16,500 


i 

2 


1 1 1 

21,800 


f 

If 

3 ‘ 

1 1 

10,000 

D.B.G. iron E.L., 28,000 lb. per ^ 

1 

If 

4 

1 1 

11,000 

sq. in., welded 

1 

2 

i 

1 1 

14,000 




6 

2 

10,000 


Table 2. — Sate Loads on Ropes and Chains 
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Safe Loads in Potmds for Double-Chain Slings 
When lifting with a double sling the load varies with the angle 
as shown in the table which gives the safe load of chain at the 
various angles shown. At an angle of 120 degrees the load is 
doubled. Never tie knots in chains, take up slack with adjusters 
or wedges. 



ImwS 





KSnSBill 




ini 




ESSS 


ESSH 






IMMI 




mm 


iim 


mmm 

wmm 






Proof and Break: Test Loads 
Proof Test Loads in Pounds, for Wrought-Iron Crane Chain, 
Recommended by the Association of American Railroads 

Proof Test Loads, in 


Nominal Size of 
Chain Bar, in Inches 


Tf 




Pounds, Crane Chain 
Wrought Iron 


L345 

2,100 


t 

T 

li 

If 

23 

2 « 

3- 

4i 

5 ^ 

6 : 

7< 

8 c 


SECTION XXIV 

GENERAL REFERENCE TABLES 

Common Weights and Measures 

Linear or Measure oe Length 
12 inches = i foot. 3 feet = i yard, 
si yards i rod. 40 rods = furlong. 

8 furlongs = i mile. 

Equivalent Measures 

Inches Feet Yards Rods Furlongs Mile 
36 = 3 == I 

198 == 16. 5 =5.5=1 

7,920 = 660 = 220 = 40 = I 

63,360 = 5,280 =1,760 = 320 = 8 = 1 

Square Measure 
144 square inches = I square foot 
9 square feet = i square yard 
3oi square yards = i square rod 
160 square rods = i acre 

640 acres =1 square mile 

I acre = 43)S6o square feet = 208.7 feet on side 
10 acres = a square 660 feet on each side. 

Equivalent Measure 

Sq. Mi. A. Sq. Rd. Sq. Yd. Sq. Ft. Sq. In. 

I -640 = 102,400=3,097,600=27,878,400=4,014,489,600 

I— 160— 4840= 43>S6 o= 6,272,640 

Cubic Measure 

1728 cubic inches = x cubic foot. 128 cubic feet = i cord 

27 cubic feet = i cubic yard. 24I cubic feet = i perch. 

I cu. yd. = 27 cu. ft. = 46,656 cu. in. 

Weigho^— Avoirdupois 

437*5 grains = i ounce. 100 pounds = i hundredweight. 

16 ounces = i pound. 2000 pounds == i ton. 

2240 pounds = I long ton. 

I ton ~ 20 cwt. = 2000 lbs. = 32,000 oz. = 14,000,000 gr 
Weight == Troy 

24 grains = i pennyweight. 20 dwt. = i ounce. 

12 ounces = i pound. 

I lb. — 12 oz. =5 240 dwt. “ 5760 gr. 

, X104 
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Dry Meastjre 

2 pints = I quart. 8 quarts = i peck, 

4 pecks ~ I bushel 
I bu. = 4 ph. = 32 qt. = 64 pt. 

U. S. bushel == 2150.42 cu. in. British = 2218.19 cu. in. 


Liquid Measure 

4 gills = I pint. 4 quarts = i gallon. 

2 pints — I quart. 31^ gallons = i barrel. 

2 barrels or 63 gals. = I hogshead. 

I hhd. = 2 bbl. == 63 gals. = 252 qt. ~ 504 pt. = 2016 gi. 

The U. S. gallon contains 231 cu. in. = .134 cu. ft. 

One cubic foot = 7.481 gallons. 

One cubic foot weighs 62.425 lbs. at 39.2 deg. Fahr. 

One gallon weighs 8.345 lbs. British Imperial gallon weighs lo lb. 
For rough calculations i cu. ft. is called 7i gallons and i gallon 
HS 8| lbs. 

Angles or Arcs 

60 seconds ~ i minute. 90 degrees = i rt. angle or quadrant. 
60 minutes = i degree. 360 degrees = i circle. 

I circle = 360® ~ 21,600' — 1,296,000". 

I minute of arc on the earth’s surface is i nautical mile =» 1.15 
times a land mile or 6080 feet. 


Weight oe a Cubic Foot oe Substances 
Names of Substances 

Anthracite, broken, loose 

Ash, American white, dry . 

Brick, best pressed. 

common hard 

Brickwork, pressed brick. 

ordinary.... 

Cement, hydraulic, ground, loose, American, Rosendale. . . 

“ English, Portland 

Cherry, dry. 

Chestnut, dry . 

Coal, bituminous broken, loose 

Coke, loose, of good coal 

Ebony, dry. 

Elm, dry . . , . . , , ..... 


Average 

Weight, 

Lbs. 

54 

38 

150 

125 

140 

112 

94 

90 

42 

41 

49 

27 

76 

35 
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Weight OP A Cubic Foot OP Si]BSTANCES~Ci?«/m«g^^ 

Names of Substances 

PI 

Wass, common window J-bs. 

Granite. ^ ^ ^ 157 

Gravel, about the same as sand 

LLemlock, dry 

Hickory, dry. ’ ‘ 25 

Ice 1 S3 

Lignum Vitae, dry ' ^ *!!!.! * " * ‘58*7 

Lime, quick, ground, loose, or in small lumos * 

Limestones and Marbles ^ ips, . 

Mahogany, Spanish, dry * ^^8 

Maple, dry ....!!!! ••••••... 53 

Marbles, see Limestones. 49 

Masonry, of grange or limestone, well dressed. 

Mpcury, at 32° Fahrenheit ... ' * 1^5 

Mica.. 849 

Oak, white, dry. .......... . . * •••••■ • 

other kinds ’I* 

Petroleum _ 32 to 45 

Pine, white, dry...*.. 55 

yellow, Northern ‘ ‘ 

Southern.. ......... 84 

Rosin. 45 

Salt, coarse, Syracuse^ N.’ Y * ; * ^9 

Sand, of pure quartz, dry, loose.. H 

Sandstones, fit for buildine 

Slate........... 151 

Spruce, dry. .....* i . ^75 

Sulphur ! . ' • * “ 25 

Sycamore, dry. * ; ^^5 

Walnut, black, dry. * 37 

rain or distilled’ kt6o° Fahrenheit.'.’. 62.48 

Wax, bees. ... . 5^ 

• ‘ 60.5 

^^reen timbers usually weigh from one-fifth to one-half more than 
For weight of metals see page 1073. 
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THE METRIC SYSTEM 

The metric system is based on the meter which was designed to be one 
ten-millionth (1/10,000,000) part of the earth's meridian quadrant, through 
Dunidrk and Formentera. Later investigations, however, have shown that 
the Meter exceeds one ten-millionth part by almost one part in 6,400. The 
value of the meter, as authorized by the United States Government, is 39*37 
inches. The metric system was legalized by the United States Government 
in 1866. 

The three principal units are the meter, the unit of length, the liter, the 
unit of capacity, and the gram, the unit of weight. Multiples of these are 
obtained by. prefixing the Greek words: deka (lo), hekto (100), and kilo 
(1,000). Divisions are obtained by prefixing the Latin words: deci (•^), 
centi (ik). and milli (1/1,000). ^ Abbreviations of the multiples begin with a 
capital letter, and of the divisions with a small letter, as in the following 
tables: 


Measures of Length 

1 centimeter cm. 

= 1 decimeter .dm. 

I meter .m. 

= I dekameter ................... . Dm. 

...= I hektometer .Hm. 

— 1 kilometer Km. 


10 millimeters (mm) 

10 centimeters 

10 decimeters ...... 

JO meters — 

10 dekameters 

10 hektometers . . . . , 


Measures of Surface (not Land) 

100 square millimeters (nim^) ..... = 1 square centimeter cmj. 

100 square centimeters = i square decimeter .dm^. 

100 square decimeters ==» i square meter m?. 


Measures OF Volume 

1000 cubic millimeters (mm^) « i cubic centimeter • • - 5 ”^^ 

1000 cubic centimeters == 1 cubic decimeter dmA 

jooo cubic decimeters ~ i cubic meter ,m®* 

Measores of Capacity 




. , .d. 


= I deciliter 


10 deciliters 

== I dekaliter 

. .Dl. 

10 dekaliters i hektoiiter 

i 10 hektoliters. ** i kiloliter 

1 Note. — The liter is equal to the volume occupied by i cubic decimeter. 

..HI. 

..Kl, 


Measures of Weight 


JO milligraras (mg) ... 
\ 10 centigrams 


..eg. 

..dg. 



. .Dg. 

\ 10 dekagrams ....... . 

s 10 hektograms ....... . 

■ 1000 kilograms ...... . 


■ 3 : 


Note.— -T he gram is the weight of i cubic centimeter of pure distilled 
water at a temperature of 39.2®F., the kilogram is the weight of 1 liter of 
water; the ton is the weight of I cubic meter of water. 
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Metric and English Conversion Table 

Measures oe Length 


f 39.37 inches, 

I meter s= -j 3,28083 feet. 

[ 1,0936 yds. 

I centimeter .3937 inch. 

{ •03937 inch, or 
£. 

25 inch nearly. 
I kilometer ^ 0.62137 mile. 


I foot » .3048 meter. 

I inch == 1 2-54 centimeters. 
( 25.4 millimeters. 


Measures of Surface 

t square meter = { square feet. i square prd « .836 square meter. 

. square cen.im J ^ “< XVaTcaS’, 

1 square millimeter - .0015s sq. b. ' “ \ 64s 2 s j SmeS’ 


1 cubic meter > 


Measures of Volume and Capacity 

f 35-314 cubic feet. 

Y 1.308 cubic yards. 

[ 264.2 gallons (231 

cubic inch), i cubic yard « .7645 cul 


cuuiu iucu; 

I cubic decimeter « cubic in. 

, . . < .0353 cubic ft. 

I cubic centimeter =i .061 cubic inch. 

I cubic decimeter. 

61.023 cubic inches. 

I liter -^SSS cubic foot. 

1.0567 quarts (U. S.) 

.2642 gallons (U. S.) 

, 2.202 lbs. of water at 62° F. 


I cubic yard « .7645 cubic meter. 

I ( .02832 cubic meter, 

I I cubic ft. »=5 j 28.317 cubic decimeters. 

. i 28.317 liters. 

I cubic inch « 16.387 cubic centimeters. 
I ga on (British) « 4.543 liters. 

I gallon CU. S.) « 3.78s Hters. 


Measures of Weight 


I gram « 15.432 grains. 

I kilogram « 2.2046 pounds. 

1 .9842 ton of 2240 lbs. 
I metric ton =» < 19.68 cwts. 

L 2204.6 lbs. 


I gram « .0648 grams. 

I ounce avoirdupois 28.35 grams. 

I ix)und == .4536 kilograms. 

I ton of 2240 lbs. - i 

t 1016 kilograms. 


Miscellaneous Conversion Factors 

J meter = .6720 pound per foot. 

I square millimeter « 1.422 pounds per souare inch 

I kilogram per square meter =» 0.2048 pound per sauare fnni- 
1 kilogram per cubic meter = .0624 poSnd pe? ouffimt 

i Sow Mogramt per mefe? ^ 

1 pouii| per squ^ foot = 4.882 kilograms per square meter. 

I cubic meter 

Calorie (Prraoli Thermal Yaj^oo^fgot ^ou^'/- 

I Horse-power = v* 33 ;OOo foot-pounds per minute. 

. ^ 1740 Watts. 

I Watt (Unit of Electrical Power) — { *00134 I^orse-power. 

f 1000 Watts. ( 44*24 foot-pounds per minute 

1 Kilowatt = 1 1.34 Horse-power. 

I 44240 foot-pounds per minute. 
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Incites and Millimeters 

The following tables are calculated on the newly adopted relation 
of 25.4 millimeters to the American inch. This replaces the old 
ratio of 25.40005:1, a difference of two parts in a million. This 
ratio was approved at a meeting of American Standards Association 
on October 21, 1932. 

The adoption of the new ratio simplifies calculations and elimi- 
nates errors caused by various interpretations of the decimal to be 
used. The following tables are from the Bureau of Standards. 


Inches to Millimeters 

Basis: i Inch — 25.4 Millimeters 


Inches 

Milli- 

meters 

Inches 

Milli- 

meters 

Inches 

Milli- 

meters 

Inches 

MilU- 

meters 

I 

25.4 

26 

660 . 4 

51 

1295.4 

76 

1930.4 

2 

50.8 

27 

685.8 

52 

1320.8 

77 

1955.8 

3 

76.2 

28 

711 . 2 

S 3 

! 1346.2 

78 

1981.2 

4 

101,6 

29 

736.6 

54 

1 1371.6 

79 

2006.6 

S 

127.0 

30 

762.0 

55 

1397.0 

80 

2032.0 

6 

152.4 

31 

787.4 

S6 

1422.4 

81 

2057.4 

7 

177.8 

32 

812 . 8 

57 

1447.8 

82 

! 2082.8 

8 

203.2 

33 

838.2 

58 

1473.2 

83 

2108.2 

9 

228.6 

34 

863.6 

59 

1498.6 

84 

i 2133.6 

10 

254.0 

35 

889.0 

60 

1524.0 

85 

2159.0 

11 

279.4 

36 

914.4 

61 

1549.4 

86 

2184.4 

12 

304.8 

37 

939.8 

62 

1574.8 

87 

2209.8 

13 

330.2 

38 

965.2 

63 

1600.2 

88 

2235.2 

14 

355.6 

39 

990.6 

64 

1625.6 

89 

, 2260.6 

IS 

381.0 

40 

1016. 0 

65 

;i6si.o 

90 

2286.0 

16 

406.4 

41 

1041 .4 

66 

1676.4 

91 

2311.4 

17 

431.8 

42 

1066.8 

67 

1701.8 

92 

2336.8 

18 

457.2 

43 

1092.2 

68 

1727.2 

93 

2362.2 

19 

482.6 

44 

1117-6 

69 

1752.6 

94 

2387.6 

20 

S08.0 

45 

1143.0 

70 

1778.0 

95 

2413.0 

21 

533 . 4 

46 

1168.4 

71 

1803.4 

96 

2438.4 

22 

558.8 

47 

1193.8 

72 

1828.8 

97 

2463.8 

23 

584.2 

48 

1219. 2 

73 

1854.2 

98 

2489. 2 

24 

609.6 

49 

1244.6 

74 

1879.6 

99 

2514.6 

25 

635.0 

SO 

1270.0 

75 

1905.0 

100 

2540.0 


Note. — T he above table is exact. 
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Millimeters to Inches 

Basis: i Inch = 25.4 Millimeters 


Milli- 

meters 

Inches 

Milli- 

meters 

Inches 

Milli- 

meters 

Inches 

Milli- 

meters 

Inches 

I 

0.039370 

26 

1.023622 

51 

2 . 007874 

76 

2.992126 

' 2 

0.078740 

27 

1.062992 

52 

2.047244 

77 

3.031496 

3 

0. 118110 

28 

1.102362 

S3 

2.086614 

78 

3 . 070866 

4 

0. 157480 

29 

I. 141732 

54 

2.125984 

79 

3.110236 

S 

0.196850 

30 

I. 181102 

55 

2.165354 

80 

3.149606 

6 

0.236220 

31 

1 . 220472 

56 

2 . 204724 

81 

3.188976 

7 

0.275S9I 

32 

1.259843 

57 

2.244094 

82 

3.228346 

8 

0.3I49<5 i 

33 

I. 299213 

58 

2.283465 

83 

3.267717 

9 

0.3S433I 

34 

1.338583 

59 

2.32283s 

84 

3.307087 

10 

0.393701 

35 

I. 377953 

60 

2.36220s 

ss 

3.346457 

II 

0.433071 

36 

1.417323 

61 

2.401575 

86 

3.385827 

12 

0.472441 

37 

I . 456693 

62 

2.44094s 

87 

3.425197 

13 

0.S11811 

38 

I . 496063 

63 

2.4S031S 

88 

3.464567 

14 

o.SSliSi 

39 

1.535433 

64 

2.519685 

89 

3.503937 

IS 

0.590551 

40 

I . 574803 

65 : 

2.559055 

90 

3 •543307 

16 

0.629921 

41 

1.614173 

66 

2. 598425 

91 

3.582677 

17 

0.669291 

42 i 

1.653543 

67 

2.63779s 

92 

3.622047 

18 

0.708661 

43 

1.692913 

68 

2.677165 

93 

3.661417 

19 

0.748031 

44 

1.732283 

69 

2.71653s 

94 

3 . 700787 

20 

0.787402 

45 

1.771654 

70 

2.755906 

95 

3.740157 

21 

0.826772 

46 

1.811024 

71 

2.795276 

96 

3.779528 

22 

0 . 866142 

47 

1.850394 

72 

2 . 834646 

97 

3.8x8898 

23 

0.90SS12 

48 

1.889764 

73 

2.874016 

98 

3.858268 

24 

0.944882 

49 

1.929134 

74 

2.913386 

99 

3 . 897638 

25 

0.984252 

SO 

1.968504 

75 

2.952756 

100 

3.937008 


Note.-— T he above table is approximate: 1/25.4 = 0.039370078740 + . 
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nil 




Common Fractions or an Inch to Millimeters 

Basis: i Incli = 25.4 Millimeters 


Seconds 

Fourths 

Eighths 

Six- Thirty- 
teenths seconds 

Sixty- 

fourths 

Decimal 

Inch 

Milli- 

meters 





I 

0.015625 

0,39687s 




I 


0.031250 

0 . 7937 S 0 





3 

0.04687s 

1.190625 




I 


0.062500 

1.587500 





S 

0.07812s 

1.98437s 




3 


0.093750 

2.381250 





7 

0.109375 

2.77812s 



I 



0. 125000 

3.175000 





9 

0.140625 

3.571875 




S 


0.156250 

3.968750 





II 

0.17187s 

4.365625 




3 


0. 187500 

4.762500 





13 

0.203125 

S.IS 937 S 




7 


0.218750 

5.556250 





IS 

0.234375 

5.953125 ,j 


I 




0.250000 

6.350000 





17 

0.265625 ; 

6.746875 , 




9 


0.281250 ! 

7.143750 





19 

0.29687s 

7.540625 




S 


0.312500 

7.937500 





21 

0.32812s 

8.334375 






0.343750 

8.731250 





23 

0.359375 

9.12812s 



3 



0.375000 

9.525000 





25 . 

0.39062s 

9.921875 




13 


0.406250 

10.318750 





27 

0.421875 

10.71562s 




7 


0.437500 

II. 112500 





29 

0.453125 

11.509375 




15 


0.468750 

11.906250 





31 

0.48437s 

12.303125 






0.500000 

12.700000 





33 

0. 515625 

13.096875 




17 


0.531250 

13.493750 





35 

0.546875 

13.890625 




9 


0.562500 

14.287500 





37 

0.578125 

14 - 684375 




19 


0.593750 

15.081250 





39 

0.60937s 

15.478125 



' ^ ' 



0.625000 

15.875000 





41 

0,64062s 

16.271875 




21 


0.656250 

16.668750 





43 

0.67187s 

17.065625 




II 


0.687500 

17.462500 





45 

0. 703125 

17.859375 




23 


0.718750 

18.256250 





47 

0.734375 

18.65312s 






0.750000 

19.050000 





49 

0.765625 

19.44687s J 




2S 


0.781250 

19.843750 
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GENERAL REFERENCE TABLES 


Common Fractions OF an Inch to Millimeters.— 


Seconds 

Fourths 

•p- Six- Thirty- Sixty- 

Eighths teenths seconds fourths 

Decimal 

Inch 

Milli- 

meters 



51 

0.79687s 

20.240625 



13 

0.812500 

20.637500 



S3 

0, 828125 

2 X. 03437s 



27 

0.843750 

21.431250 



55 

0.859375 

21.82812s 



7 

0.875000 

22. 225000 



37 

0.89062s 

22.621875 



29 

0.906250 

23 .018750 



59 

0.92187s 

23.415623 



IS 

0.937500 

23.812500 



6i 

0.953125 

24.209376 



3 X 

0,968750 

24,606250 



63 

0.984375 

25.003125 

2 

4 

8 16 32 64 

I . 000000 

25.400000 


Note. — The above table is exact; all figures beyond the six places given 
are zeros. 


Equivalents of Compound Units 


Symbols 

Metric Units 

American Equivalents 

gr./cm. 

kg./m. 

kg./km. 

Gram per centimeter 
Kilogram per meter 
Kilogram per kilometer 

0.0055 pound per inch 
0.055 pound inch 

3.54 pounds per mile 

kg./qcm. 

kg./ha. 

! Kilogram per square 
centimeter 

Kilogram per hectar 
Metric ton per square 
meter 

14.22 pounds per square 
inch 

0.89 pound per acre 
0,102 short ton per 
square foot 

kg./m.2 

kg./W. 

^/m.® 

Kilogram per cubic 
meter 

Kilogram per hectoliter 
Metric ton per cubic 
meter 

0.062 pound per cubic 
foot 

0.083 pounds per gallon 
62.4 pounds per cubic 
foot 

kg./h.-p. 

kg./t. 

Kilogram per Continen- 
tal horsepower 
Kilogram per metric ton 

2.23 pounds per Amer- 
ican h.-p. 

2 pounds per short ton 

kgm./kg. 

kgm./qcm. 

Kilogram-meter per 
Mogram 

Kilogram-meter per 
square centimeter 

3.28 foot-pounds per 
pound 

46.58 foot-pounds per 
square inch 

t./km. 

t.~km. 

Metric ton per kilometer 
Metric ton-kilometer 

1.77 short tons per mile 
0.6849 short ton-mile 


MILLIMETERS TO INCHES 
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Decimal Equivalents OF Fractions of Millimeters. 
(Advancing BY xfff mm.) 


Inches mm. Inches 


i inr ' 


jhs = -OOOSQ 
rlj = .00079 
jIts = vjoiiS 
iIj = .00157 
jiff = .00197 
jiff = .00236 
jiff = .00276 
Iff = .00315 
.00354 
.00394 

■= •00433 

^ =. .00472 
#ff = .00512 
•00551 
•00591 
^ = .00630 
= .00669 

iVo = -00709 

^ = .00748 
^ “ .00787 
J^ff = .00827 
— .00866 
= *00906 
1% = -00945 
i^ff = .00984 


Inches 


■ 


■ 


Air ’ 
*V ' 


A^ff * 


?A = 


= .01024 
' .01063 
' .01102 
' .01142 
.01181 
,01220 
.01260 
.01299 

•01339 

.01378 

.01417 

.01457 

.01496 

•OIS35 

•OIS75 

.01614 

.01654 

.01693 

.01732 

.01772 

.01811 

,01850 

.01890 

,01929 

.01969 


AV ~ .02008 

A « .02047 

tA =* .02087 
.02126 
lA == .02165 
Afe .02205 
AA =* .02244 
AA = .02283 

AA == .02323 

Aoir .02362 
AA *=> .02402 

AA .02441 

xA =“* .02480 
xA « .02520 
xA .02559 
AA .02598 
AV * .02638 
A^ir ^ .02677 
A^ .02717 
Ay *= .02756 
AA -02795 

AA =" .02835 

AA « .02874 
Air =* .02913 
AA =“ .02953 


mm. Inches 


.02992 
=* .03032 
- .03071 
xVgr «« .03110 
AA ** .03150 
Afff « .03189 

AA “=* .03228 
AA ==* .03268 
AAs- “ .03307 
AA 03346 
AA =* .03386 
AA 03425 
AA “=* .03465 
AA “* .03504 
AAy =* .03543 

# “ 

yA .03622 

■fA = •03<56 i 

= -03701 
m = -03740 
= -03780 
fff'ff = .03819 
TOft = -03858 
^ = .03898 

I = -03937 


Metric Equivalents 

1. To find the metric equivalent of any number of thousandths 
of an inch: 

Multiply 0.0254 by the number of thousandths. 

2. To find the metric equivalent of any number of ten thou- 
sandths of an inch: 

Multiply 0.00254 by the number of thousandths. 

The answer is in millimeters. 

The metric equivalent of 0.045 inch would, be 0.0254 X 0.045 OJ* 
0.0011430 millimeters. 
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Common FRAeTiONS or an Inch to Millimeters.— 


Seconds 

Fourths Eighths sSs fourths 

Decimal 

Inch 

Milli- 

meters 


SI 

0.79687s 

20 . 24062s 


13 

0.812500 

20.637500 


S 3 

0,828125 

21.03437s 


27 

0.843750 

21.43x250 


55 

0.859375 

21.828125 


7 

0.875000 

22.225000 


57 

0.89062s 

22.62187s 


29 

0.906250 

23.018750 


SO 

0.921875 

23.415625 


IS 

0.937500 

23.812500 


61 

0.95312s 

24.209376 


31 

0.968750 

24.606250 


63 

0.98437s 

25.003x25 

2 

4 8 16 32 64 

1,000000 

25 .400000 


Note. — T he above table is exact; all figures beyond the six places given 
are zeros. 


Equivalents or Compound Units 


Metric Units American Equivalents 


Symbols 


Gram per centimeter 
Kilogram per meter 
Kilogram per kilometer 

Kilogram per square 
centimeter 
Kilogram per hectar 
Metric ton per square 
meter 

Kilogram per cubic 
meter 

Kilo^am per hectoliter 
Metric ton per cubic 
meter 

Kilogram per Continen- 
tal horsepower 
Kilogram per metric ton 

Kilogram-meter per 
kilogram 

Kilogram-meter per 
square centimeter 

Metric ton per kilometer 
Metric ton-kilometer 


0.005s pound per inch 

0.055 pound per inch 

3.54 pounds per mile 

14.22 pounds per square 
inch 

0.89 pound per acre 

0.102 short ton per 
square foot 

0.062 pound per cubic 
foot 

0.083 pounds per gallon 

62.4 pounds per cubic 
foot 

2.23 pounds per Amer- 
ican h.-p. 

2 pounds per short ton 

3.28 foot-pounds per 
pound 

46.58 foot-pounds per 
square inch 

1.77 short tons per mile 

0.6849 short ton-mile 


gr./cm. 

kg./m. 

kg./km. 

kg./qcm. 

kg./ha. 

t./m.2 


kg.A*-P- 

kg./t. 

kgm./kg. 

kgm./qcm. 
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Decimal Equivalents OF Fractions of Millimeters. 
(Advancing by m:m.) 


Inches mm. Inches 


mm. Inches 


mm. Inches 


.00433 
: .00472 
■ .00512 
‘ .00551 
: .00591 
t ,00630 
» ,00669 
s .00709 
s .00748 
=« .00787 
= .00827 
= .00866 
= .00906 
= .00945 
s ,00984 


S saa .02992 
« ,03032 
03071 
-03110 
^ = .03150 
^ =. ,03189 
= -03228 
■Mu “ -03268 

Mu = -03307 
Mu “ -03346 
Mu “ -03386 
fA “ -03423 

=■ .03465 

Mu “ -03304 
Mu “ •03343 
Mu “ -03383 
■Mu =■ -03622 
Mu = -03661 
“ -03701 
Mu ■= -03740 
Mu “ -03780 
I Wiy “ -03819 
•iA — -03858 
Mu — -03898 
1 = -03937 


Metric Equivalents 

1. To find the metric equivalent of any number of thousandths 
of an inch; 

Multiply 0.0254 by the number of thousandths. 

2. To find the metric equivalent of any number of ten thou- 
sandths of an inch: 

Multiply 0.00254 by the number of thousandths. 

’ The answer is in millimeters. ^ ^ ^ v- c nr 

The metric equivalent of 0.045 inch would.be 0.0254 X 0.045 or 

0.091 1430 millimeters. 
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Decimal Equivalents oe Millimeters and Fractions oe Milli- 
meters. (Advancing by mm. and i mm.) 

mm. Inches nun. Inches mm. Inches nun. Inches 


== .00079 
A = ■°°^ S7 

A = 

TiT = -ooais 

A = •o° 394 - 
^ = .00472 
A = .00551 
A = .00630 
A = .00709 

W = .00787 
S= .00866 
if - .00945 
|4 = .01024 
— .01102 

H = .01181 
= .01260 
W = .01339 
if = .01417 
if = .01496 

If ■=■ .01575 
if = .01654 

if = .01732 
if = .oiSix 
if = .01890 

if = .01969 

if = J 32047 

if = .02126 
If = .02205 
if = .02283 

if = .02362 
if = .02441 
if = .02520 
If = . 02 598 
if = .02677 

if = .02756 
if = .02835 
if = .02913 
if = .02992 

if = .03071 


.03150 31 = 

.03228 32 = 

.03307 33 = 

.03386 34 = 

.03465 35 = 

.03543 36 “ 

.03622 37 = 

.03701 38 = 

.03780 39 *= 

.03858 40 « 

.03937 41 = 

,07874 42 = 

.1181 1 43 = 

.15748 44 

.19685 45 = 

.23622 46 = 

.27559 47 = 

.31496 48 = 

.35433 49 = 

.39370 50 = 

.43307 51 = 

,47244 • 52 = 

.51181 53 = 

.55118 54 = 

*59055 55 = 

.62992 56 « 

.66929 57 

.70866 58 

.74803 59 

.78740 60 

.82677 61 ’ 

.86614 62 = 

.90551 63 = 

.94488 64 > 

.98425 65 = 

1.02362 66 

1.06299 67 

1.10236 68 

1.14173 69 

1.18110 70 


1.22047 
1.25984 
1. 2992 1 

1.33858 
1*37795 
1. 41732 
1.45669 
1.49606 
’ 1*53543 
= 1.57480 

= 1.61417 
= 1.65354 

= 1.69291 
= 1.73228 

= 1.7716s 

- 1.81102 
= 1.85039 
= 1.88976 

» 1.92913 

S 1.96850 

* 2.00787 
s 2.04724 
S 2.08661 
= 2.12598 

= 2.16535 

* 2.20472 
=S 2.24409 
s 2.28346 

* 2.32283 
a 2.36220 

=2.40157 

« 2.44094 

= 248031 
= 2.51968 
= 2.55905 

= 2.59842 
= 2.63779 
= 2.67716 
= 2.71653 

* 2.75590 


71 = 2.79527 

72 —-2.83464 

73 2.87401 

74 =» 2.91338 

75 = 2.95275 

76 = 2.99212 

77 *= 3*03149 

78 = 3.07086 

79 3*14:023 

80 ~ 3.14960 

81 = 3'I8897 

82 = 3.22834 

83 = 3.26771 

84 = 3.30708 

85 = 3.34645 

86 = 3.38582 

87 = 3.42519 

88 = 3.46456 

89 = 3*50393 

90 = 3*54330 

91 = 3.58267 

92 = 3.62204 

93 = 3.66141 

94 - 3.70078 

9 5 = 3-74015 

96 = 3.77952 

97 = 3.81889 

98 = 3.85826 

99 = 3.89763 
100 = 3.93700 


to 1>- 
ON ^ w 

Q CO On 
O <5 "fO On 


i§-i a 


.. ' 


INCHES AND MILLIMETERS 1 1 i g 

1 Tractions, Decimals and Millimeters 

1 This will be found useful in comparing the milHineter with 

both the decimal and common fractions of an inch. 

1 Fractions and Decimals op Inch with: Millimeter 

[ Equivalent 

■f, 

1 , ■ Fraction: 

Decimal 

Milli- 

Fraction 

Decimal 

Mini- 

1 of Inch 

of Inch 

meters 

of Inch 

of Inch 

meters 

! H 4 

0.015625 

0.3968 


! 0.515625 

13 . 0966 

‘ ih 

0.03125 

0.7937 

^ ys 2 

O.S 3 I 2 S 

13-4934 

1 Ha 

0 . 046875 

1 . 1906 


0.546875 

13.S903 

1 He 

0.0625 

1.5875 

Me 

0,5625 

14.2872 


0.078125 

1.9843 


0.578125 

14,6841 

! Hz 

0.09375 

2.3812 

1^2 

0.59373 

15.0809 

Ha 

0.10937s 

2.7780 

mA 

0.609375 

15-4778 

H 

0.125 

3-1749 

H 

0.625 ! 

15-8747 

Ha 

0.140625 

3-3718 

4^4 

0.640625 : 

16.2715 

Hz 

0.15625 

3.9686 

^Hz 

0.65625 

16.6684 


0.171875 

4-3853 

*Ha 

0.671875 

17-0653 


0.1875 

4.7.624 


0.6875 

17,4621 

i ^A 

0.203125 

5.1592 

mA 

0.703125 

17-8590 

■ 

0.21875 

5-5561 

Th 

0.71875 

I 8 . 2 SS 9 

^Ha 

0.234375 

3-9530 

*%A 

0.734375 

18.6527 

H 

0.25 

6.3498 

Ha 

0.7s 

19.0496 

nu 

0.265625 

6.7467 

^%A 

0.765625 

19-4465 

%2 

0.28125 ! 

7-1436 

% 

0.78125 

19-8433 


O.296S75 1 

7.5404 

^Ha 

0-796875 

20.2402 

' Me 

0.312s 

7.9373 

^He 

0.8125 i 

20.6371 

^Ha 

0.32812s 

8.3342 


0.828125 1 

21.0339 

* ^H2 

0-34375 

8.7310 

’^Hz 

0.843750 

21.4308 

i ^Ha 

0-359375 

9.1279 

<^Ha 

0.859375 

21.8277 

H 

0-375 

9.5248 1 

14 

0.875 

22.2245 

^%A 

0.39062s 

9.9216 1 

^%A 

0.890625 

22.6214 

mz 

0.4062s 

10.3185 ! 

^%z 

0.90625 

23.0183 

^%A 

0.421875 

10.7154 

^%A 

0.921875 

23.4151 

He 

0.4375 

II . 1122 

iMe 

0.9375 

23.8120 

V ^Ha 

0.453125 

11.5091 

^Ha 

0.953125 

24.2089 

^Hz 

0.4687s 

11.9060 

^Hz 

0,9687s 

24.6057 


0.484375 

12.3029 

^Ha 

0.98437s 

25.0026 

H 

0.5 

12.6997 

I 

I.O 

25.3995 
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Decimal Equivalents oe Fractions below J' 


Fractional Parts of an Incli 


Decimal 

Equivalents 


Decimal 

Equivalents 


.015625 

.03125 

•035714 

.041667 

.046875 

.0625 

.071429 

.078125 

•083333 

•OP37S 

.107143 

•109375 

.125 

.140625 

.142857 

.15625 

.166666 

.171875 

.178571 

.1875 

.203125 

.208333 

.214286 

.2187s 

.234375 

.25 

.265625 

.28125 

.285714 

.291666 

.296875 

.3125 

.321429 

.328125 

.333333 

•34373 

•357143 

•359375 

•375 

.390625 

.392857 

.40625 

.41666 

.421875 

.428571 

•4375 

.453125 

.458333 

.464286 

.46875 

.484375 


.015625 

.03125 

.035714 

.041667 

.046875 

.0625 

.071429 

.078125 

.083333 

.09375 

.107143 

.109375 

.125 

.140625 

.142857 

.15625 

.166666 

.171875 

.178571 

.1875 

.203125 

.208333 

.214286 

.21875 

.234375 

.25 

(.265625 

*28125 

.285714 

.291666 

.296875 

.3125 

.321429 

,32812s 

.333333 

•34375 

.357143 

.359375 

*375 

.390625 

.392857 

.40625 

.41666 

.421875 

.428571 

.4375 

•453125 

.458333 

.464286 

.46875 

.484375 




DECIMALS AND FRACTIONS 1x19 

Decimal Equivalents op Fractions between i" and 


Decimal 

Equivalents 

Fractional Parts of an Inch 

Decimal 

Equivalents 

6 

7 

8 

12 

i 

14 

16 

24 

28 

32 

64 

.515635 







i 



33 

.515625 

.53125 









17 

34 

.53125 

.535714 








IS 



.535714 

.541666 







1 13 




.541666 

.546875 










35 

.546875 

•5625 






9 



18 

39 

.5625 

.571429 


4 



8 



16 



•571429 

-578125 










37 

.578125 

.583333 




7 



14 




.583333 

.59375 









19 

38 

•S 937 S 

.607143 








17 



,607143 

.609375 










39 

.609375 

.625 



5 



10 

IS 


20 

40 

.625 

.640625 










41 

.640625 

.642867 





9 



18 



.642867 

.65625 









21 

42 

.65625 

.666666 

4 



8 



16 




.666666 

.671875 










43 

.671875 

.678571 








1 19 



.678571 

.6875 






II 



22 

44 

Mrs 

.703125 










45 

.703125 

.708333 







17 




.708333 

.714286 


5 



10 



j- 20 



.714286 

.71875 









23 

46 

.71875 

.734375 










47 

‘734375 

•75 



6 

9 


12 

18 

21 

24 

48 

•75 

.765625 










49 

,765625 

.78125 









25 

SO 

.78125 

.785714 





II 



22 



.785714 

.791666 







19 




,791666 

.796875 










SI 

>796875 

.8125 



■j 



■13 ! 



26 

52 

.8125 

.821429 








23 



.821429 

.828125 









^ 1 

53 

.828125 

.833333 

5 



10 



20 




.833333 

.84375 

1 








27 ! 

54 

•8437s 

.857143 


6 



12 

! 


24 



.857143 

.859375 



1 







55 

.859375 

•87s 



7 



14 

21 


28 

S6 

.875 

.890625 










57 

.890625 

.892857 








' 25 



.892857 

,90625 









29 

58 

.90625 

.916666 




11 



22 




.916666 

.921875 










59 

.921875 

.928571 





13 



26 



.928571 

.9375 ' 


i 




IS 



30 

60 

.9375 

•953125 










61 

.953125 

•958333 







23 i 




.958333 

.964286 








27 



.964286 

.96875 









31 

62 

.96875 

•984375 




j 






63 

.984375 
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GENERAL REFERENCE TABLES 
WATER CONVERSION FACTORS 


tr. S. gallons 
U. S. gallons 
XJ. S. gallons 
U. S. gallons 
U. S. gallons 

English gallons (Imperial) 
English gallons (Imperial) 
" nperial) 


English gallons (Imperial) 
English gallons (Imperial) 
English gallons (Imperial) 
Cubic inches of water (so-x**) 
Cubic inches of water (39.1®) 
Cubic indies of water (39.1®) 
Cubic inches of water (39.1®) 
Cubic feet (of water) (39.1®) 
Cubic feet (of water) (39.1®! 
Cubic feet (of water) (39.1®) 
Cubic feet (of water) (39.1®) 
Pounds of water 
Pounds of water 
Pounds of water 
Pounds of water 


X 8.33 
X 0.13368 
X 231 
X 0.83 
X 3*78 
X 10 
X 0.16 

X 277.274 
X 1.2 
X 4.537 
X 0.03612s 
X 0.004329 
X 0.003607 
X 0.576384 
X 62.42s 
X 7.48 
X 6.232 
X 0.028 
X 27.72 
X 0.01602 
X 0.12 

X O.IO 


= pounds. 

= cubic feet. 

= cubic inches. 

= English gallons 
= liters. 

= pounds. 

“ cubic feet. 

= cubic inches. 

= y. S. gallons. 

= liters. 

>unds. 

S. gallons. 
English gallons, 
ounces, 
pounds. 

U. S. gallons. 
Engli^ gallons. 
= tons. 

= cubic inches. 

* cubic feet. 

« U. S. gallons. 

» English gallons. 




CONVEIHENT MULTIPLIERS 


inches 

Inches 

Inches 

X 0.08333 

X 0.03778 

X 0.00001378 

*=» feet. 

*=» yards 
» miles. 

Sq. inches 
Sq. inches 
Cu. inches 
Cu. inches 

X 0.0069s 

X 0.0007716 
X 0.00058 

X 0.0000214 

=* Sq. feet. 

*■ Sq. yards 
Cu. feet. 

•=“ Cu. yards 

Feet 

Feet 

X 0.3334 

X 0.00019 

yards. 

«= miles. 

Sq. feet 

Sq. feet 

X 144 

X O.II12 

“ Sq. inches. 
“* Sq, yards. 

Yards 

Yards 

Yards 

X 36 

X 3 

X 0.0005681 

inches. 

feet. 

= miles. 

Cu. feet 

Cu. feet 

Sq. yards 

X 1728 

X 0.03704 

X 1296 

= Cu. inches, 
»= Cu, yards. 
Sq. inches. 

Miles 

Miles 

Miles 

X 63360 
XS280 

X 1760 

*=* inches. 
a=» feet. 

*= yards. 

Sq. yards 
Cu. yards 
Cu. yards 

X 9 

X 46656 

X 27 

*** Sq. feet. 

Cu. inches. 
**= Cu. feet. 

Avoir, oz. X 0.0625 
Avoir, oz. X 0.00003125 
Avoir, lbs. X 16 

pounds. 
s=« tons. 

*- ounces. 

Avoir, lbs. 
Avoir, tons 
Avoir, tons 

X 0.0005 

X 32000 

X 2000 

“= tons. 

ounces. 

«• pounds. 
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TABLE OF PRIME-NUMBER FRACTIONS 

The table shows decimal equivalents of common fractionshaving 
prime numbers for both numerator and denominator. As an 
example, suppose it is required to find the thread angle of a worm. 
^ , , , Number threads 

angent t re ange Diametral pitch X pitch diameter 

Find the angle of a worm 7 diametral pitch, 5 threads, 2-inch 
P. diameter: 

Tangent angle = f X i 

Then from table 

f == 0.7143 and — ^ = 0.35715 

which is the tangent for 19 degrees 39 minutes, nearly. 

Prime Number Fractions and Their Decimal Equivalents 

Denominators (Prime Numbers Only) 




— 

97 

89 

83 

79 

73 

71 

67 

61 

59 

S 3 

47 

43 


I 

.0103 

.0X12 

.0X20 

.0126 

.0137 

.0141 

.0149 

.0164 

.0169 

.0189 

.0213 

•0233 



.0300 .0337 

.0361 

.0380 

.0411 

.0423 

.0448 

.0492 

.0508 

.0566 

.0638 

.0698 


5 

.051 Sj 

.0562 

.0602 

.0633 

.0685 

.0704 

.0746 

.0820 

.0847 

.0943 

. 10(54 

.1x63 


7 

:.0722| 

.0787 

.0843 

.0886 

•0959 

.098(3 

.1045 

.1148 

.1x86 

.1321 

.1489 

.1628 


xz 

I.II34I 

.1236 

.1325 

•1.392 

.1507 

.1549 

.1642 

.1803 

.1864 

.2075 

.2340 

.2558 


13 

.1340 

.1461 

.1566 

.1646 

.1781 

.1831 

.1940 

.2131 

.2203 

•2453 

.2766 

.3023 


17 

. 1753 ! 

.1910 

.2048 

.2152 

•2329 

.2394 

.2537 

.2787 

.2881 

.3208 

.3617 

•3953 


10 

•IQSO 

.2135 

.22S9 

.2405 

.2603 

i .2676 

.2836 

.3X15 

.3220 

.3585 

.4043 

.44x9 


23 

.2371 

.2584 

.2771 

.29x1 

. 3 XSX 

•3299 

.3433 

.3770 

.3898 

.4340 

.4894 

•5349 

i 

20 

.2990 

.3258 

.3494 

.3671 

•3973 

.4085 

! .4328 

.4754 

1 .49x5 

.5472 

1 .6170 

.6744 

JZ| 

31 ! 

.3196 

•3483 

‘3735 

.3924 

.4247 

.4366 

.4027 

.5082 

.5254 

•5849 

.6596 

.7209 

4 ) 

37 

.3814 

.4x57 

.4458 

.4684 

.3068 

.52x1 

.5522 

.6066 

.6271 

.6981 

.7872 

.8605 

S 

41 

.4227 

.4607 

.4940 

.5x90 

.5616 

.5775 

.6119 

.6721 

.6949 

•7736 

•8723 

•9535 

(i) 

43 

■4433 

.4831 

.5x81 

■5443 

.5890 

.6050 

.6418 

.7049 

.7288 

.8113 

.9149 



47 

.4845 

.5281 

.5663 

•5949 

.6438 

.6620 

.7OIS 

.7705 

.7966 

.8868 



i 

S 3 

.5464 

•5955 

.6386 

.0709 

.7200 

.7465’ 


.8689 

.8983 




•1 

59 

.6082 

.(5629 

.7108 

.7468 

.8082 

.8310 

.8806 

.9672 





£3 

61 

.6289 

.6854 

7349 

.7722 

■8356 

.8592 

■9X04 






1 

67 

.6907 

.7528 

.8072 

.8481 

.9178 

•9437 







523 

71 

.7320 

7978 

.8554 

.8987 

.9726 









73 

.7326 .8202 

•879s 

•9241 










79 

.8144I.8876 

• 95 x 8 











83 

.8557 -9326 












89 

|. 9 X 7 S 

1 












Denominatons (Prime Numbers Only) 




4 X 

37 

3 X 

29 

23. 

19 

17 

13 

II 

7 

5 

3 

t> 1 

z 

.0244 

.0270 

•0323 

.0345 

.0435 

.0526 

,0588 

.0769 

.0909 

.1429 

.2000 

.3333 


3 

.0732 

.0811 

.0968 

1.1034 

.1304 

•1579 

.1765 

.2308 

.2727 

.4286 

,6000 



5 

.1220 

.1351 

.1613 

.1724 

.21741 

.2632 

.2941 

.3846 

.4545 

.7143 




7 

.1707 

.1892 

.2258 

.2414 

.3043 

.3684 

.4118 

.5385 

.6364 





11 

-2683 

.2973 

.3548 

•3793 

•4783 

•5789 

,6471 

.8462 






13 ' 

.31 71 

.35x4 

.4x94 

.4483 

.5652 

.6842 

.7647 







I 7 i 

.4146 

•4595 

.5484 

.5862 

. 7391 ! 

•8947 








I 9 | 

‘4634; 

•5x35 

.6129 

'7/ Tn 

.6552 

.8261 

Only those common fractions having prime 


23 

.5010 



vyo* 


numbers for both the numerator and denom- 


29 

.7073 

■7035 

knfiSi 

•9355 



inator are given in table. 

Others can be found 


3 X 

37 

.7561 

.9024 

•oo7p 




by simple multiplication or division. 
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Decimal Eqxtivalents OP Fractions ANB Nearest EQtnvALENT I 

64THS , , , 
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Decimal Equivalents oe Fractions and Nearest Equivalent 
64THS ^ 

Near- . , Near- Near- 
er. Decimal est Fr. Decimal est Fr. Decimal est 

64th 64th 64th 
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Decimai, Equivalents oe Fractions and Nearest Equivalent 

'..64THS ■ ' ■ 


Decimal 


Decimal 


Decimal 



0.7826 

a 

0-7857 


0.789s 

n 

0.7917 

? 


M 

0.8065 

li 



0.8095 

H 

0.8125 

0.8148 
■3^ 0.8182 

If 0.8214 

if 0.8235 

if 

0.8261 










INCHES AND FEET 1125 


Equivalents op Inches and Fractions op Inches in Decimals 
OP A Foot 


In. 

0 In. 

I In. 

2 In, 

3 In. 

4 In. 

S In. 



■0833 

.1667 

.2500 

•3333 

.4167 


.0026 

.0859 

.1693 

.2526 

•3359 

•4193 


.0052 

.0885 

.1719 

•2552 

•3385 

.4219 

it 

IT'S 

.0078 

.0911 

•1745 

.2578 

.3411 

■4245 

i 

,0104 

.0938 

.1771 

.2604 

•3438 

4271 


.0130 

.0964 

•1797 

.2630 

.3464 

4297 


.0156 

.0990 

.1823 

.2656 

.3490 

4325 

A 

.0182 

.1016 

.1849 

.2682 

•3516 

•4349 

1 

.0208 

.1042 

•1875 

.2708 

• 3 S 42 

•4375 


.0234 

.1068 

.1901 

•2734 

•3568 

4401 

T'iT 

.0260 

.1094 

.1927 

.2760 

•3594 

4427 

il 

.0286 

' 

.1120 

•1953 

.2786 

.3620 

• 44 S 3 

s 

1 -0313 

.1146 

.1979 

.2813 

.3646 

4479 

y 

*0339 

.1172 

.2005 

.2839 

.3672 

•4505 


•0365 

.1198 

.2031 

.2865 

.3698 

•4531 

if 

.0391 

.1224 

.2057 

.2891 

•3724 

4 SS 7 

1 

.0417 

•1253 

,2083 

.2917 

•3750 

•4383 

y 

.0443 

.1276 

,2091 

•2943 

•3776 

4009 

A 

.0469 

.1302 

•213s 

.2969 

.3802 

463s 

y 

•0495 

.1328 

.2161 

•2995 

.382S 

.4661 

1 

.0521 

•1354 

.2188 

.3021 

•3854 

4688 

fl 

.0547 

.1380 

.2214 

•3047 

.3880 

4714 

II 

11) 

•0573 

.1406 

,2240 

•3073 

.3906 

4740 

ir 

•0599 

.1432 

.2266 

•3099 

•3932 

4766 

i 

i 

*0625 

.1458 

.2292 

•3125 

•3958 

4792 

11 

.0651 

.1484 

.2318 

*3151 

.3984 

4818 

!i 

.0677 

.1510 

.2344 

>3177 

.4010 

.4844 

11 : 

.0703 

•153^ 

.2370 

.3203 

.4036 

4870 

i 

.0729 

•1563 

.2396 

.3229 

.4063 

4896 

if 

•0755 

.1589 

.2422 

•3255 

-4089 

4922 

a 

.0781 

.1615 

.2448 

.3281 

.4115 

4948 

14 

.0807 

.1641 

.2474 

•3307 

.4141 

4974 
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OP A Foot 
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Decimal Equivalents of Fractions of an Inch. (Advancing 
BY STHS, i6tHS, 32NDS AND 64THS.) 


Sths, and 
idths 

sands 

64ths 

64tlis 

1 = .125 

■h = -03125 

A = .015625 

11 = -515625 

I =*.250 

A == -09375 

A = .046875 

If = .546875 

1 = *375 

4 = -500 

1 « .625 

A = .15625 

A = .078125 

If = -578125 

A = -2187s 

A = .109375 

11 = .609375 

A = -28125 

A = .140625 

II = .640625 

I == -750 

ii = -34375 

A = -171875 

ll =« .671.875 

i -* -S75 

= 40625 

If = .203125 

If == -703125 

i6ths. 

i-S = .46875 

H = .234375 

i 

ll = -734375 

X « .0625 

ii = -53125 

1 II = .265625 

II = -765625 

^-.1875 

il = -59375 

If = .296875 

li = -79687s 

=“ *3125 

II = .65625 

li = .328125 

If = .828125 

=* .4375 

■ if = .71875 

If = -359375 

It = -859375 

1% « .5625 

If = .78125 

If = .390625 

II = .890625 

44 ” -^^75 

II = .84375 

ll = 421875 

if = .921875 

If « .8125 

If = .90625 

II = -453125 

it = -953125 

if *9375 

11 = .96875 

fi = 48437s 

It = -984375 


Decimal Equivalents of Fractions of an Inch. (Advancing 

BY 64THS.) 


A = -015625 

4J = .265625 

If = .515625 

II = -765625 

A = -03125 

A = -28125 

li = -53125 

If = .78125 

« .046875 

If = .296875 

It = -546875 

li = .796875 

A = -0625 

A = -3125 

A = -5625 

if “.8125 

A = .078125 

li = .328125 

II = -578125 

M := .828125 

A = -0937s 

II = -34375 

if = -59375 

If = -8437s 

A = -109375 

II = -359375 

II = -60937s 

If = -85937s 

j = -125 

f = -375 

I = -625 

1 =.875 

A = .140625 

It = .390625 

li => .640625 

li = .890625 

A = .15625 

If = .40625 

U =- .65625 

If = .90625 

li = -171875 

II = 421875 

ll = .671875 

II = -92187s 

A = -1875 

A = -4375 

ii = -6875 

il = -9375 

It = -203125 

II = -453125 

It = -703125 

li = -953125 

A = -21875 

If = .46875 

II = -7187s 

fi = -96875 

It = -23437s 

I = .25 

li = .484375 
i = - 5 ° 

1 

li = -734375 
i = -75 

II = -98437s 
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SQUARING LARGE NUMBERS NOT IN THE TABLES 

Numbers which are i,ooo greater than those in the tables, that is 
numbers from i,ooi to 2,000, are quickly squared by means of a 
method which consists of two steps as follows: 

I , To the number to be squared add a number which is smaller by 
1 ,000. To this total add three ciphers to the right of the last figure. 

2. From the tables take the figures representing the square of the 
smaller number and add them to the figures obtained in the first 
step. The sum is equal to the square of the larger number. For 
example, what is the square of 1,687? Using the method stated, we 
have: 

1. 1,687 

687 

2,374 Adding three ciphers, we get 2,374,000 

2. ^ Pages 1133 to 1142 show the square of 687 equals 471,969. 

Adding this to 2,374,000 we have 2,845,969, whiclx is the square 5 
1,687. . 

What is the square of 1,009 figured by this method? 

1. 1,009 

■ 9 ■ ■ . . 

1,018,000 

2. The square of 9 is 81 
1,018,000 

81 ■■ 

1,018,081 

1,009 squared equals 1,018,081. 

All numbers are to be treated as whole numbers in obtaining 
squares. The placing of decimals, whenever necessary, is left 
until the final result is obtained. The usual rule for placing the 
decimal is then applied. For example, if the square of 1.687 had 
been desired, the result would have been 2.845,969. 


Square of Numbers from “o” to “7|f” by 64THS — ^Number 


SQUARES 
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Decimal Equivalents, Sqitaees, Square Roots, Cubes, and 
Cube Roots oe Fractions; Circumeerences and Areas or 
Circles erom ^ to i inch 


Prac- Dec. Square 
tiou Equiv. ’ Root 


■h .015625 

A •° 3 I 25 
.046875 
is -0625 

■A .078125 
A -09375 
A -lopsrs 
i -1250 

.140625 
■A .15625 
U -171875 
fs -1875 

W -203125 

A -21875 
a -234375 

i .2500 

a -265625 
A -28125 
tl -296875 
A -3125 

« -328125 

ii -34375 

fl -359375 
I - 375 ° 

M .390625 
if -40625 
If .421875 
A -4375 

ft 453125 
P 4687s 

li 484375 

J .5000 


.000244 
.0009765 I 
,002197 
.003906 

.006104 

.008789 

.01196 

.01563 


,000003815 

.00003052 

.000103 

.0002442 

.0004768 

.0008240 

.001308 

.001953 


.008381 

,01047 

.01287 

.01562 


Cube 

Root 

Circum. 

Circle 

.2500 

.04909 

-3150 

.09818 

.3606 

•1473 

.3968 

.1963 

4275 

-2455 

•4543 

.2945 

.4782 

•3436 

.5000 

-3927 

.5200 

.4438 

-3386 

.4909 

-5560 

.5400 

-5724 

.5890 

-5878 

.6381 

.6025 

.6872 

.6166 

-7363 

.6300 

-7854 

.6428 

•8345 

•6552 

.8836 

.6671 

-9327 

.6786 

.9817 

.6897 

1-031 

.7005 

1.080 

.7110 

1. 129 

.7211 

1.178 

.7310 

1.227 

.7406 

1.276 

.7500 

1-325 

•7592 

1-374 

.7681 

1.424 

.7768 

I -473 

•7853 

1.522 

•7937 

I -571 


.004794 

.006903 

-009396 

.0122S 


I III 




•S78i2S 

•5937S 

•6°937S 

.6250 


.64062 < 
.65625 
.671875 
.6875 


4104 

•4307 

•4314 

4727 


.703125 

■71875 

•734375 


.515625 .2659 
.53125 .2822 

•546875 .2991 

.5625 .3164 


7181 

7289 

7395 

7500 


2 . Ill 

2.160 


4400 


0148 


9507 

9565 


2.700 

2.749 


2.798 

2.847 

2.896 

J3-94S 


7064 

7443 

783s 

8240 


9621 

9677 

9732 

9787 


.6230 

.6450 

.6675 

.6903 


•953125 .9084 
•9687s .9385 

•9S437S -9690 


8659 

9091 

9539 

I 


7135 

7 m 

7610 

7854 


2.994 

3*043 

3*093 

3.1416 


1132 GENERiU:. REFERENCE TABLE^^ 

Decimal Equivalents, Squares, Square Roots, Cubes, Cube 
Roots oe Fractions; Circumeerences and Areas of Cir- 
cles FROM -it TO I INCH 





SQUARES AND CUBES 


ms 


gQgAE.ES, Cubes, Squaee and Cube Roots of Numbers from 

I TO lOOO 


No. 

Square 

Cube 

Root 

Cube 

Root 

No. 

Square 

Cube 

Sq. 

Root 

Cube 

Root 


z 

I 

I.OOOO 

I.OOOO 

SI 

2601 

132651 

7.1414 

3.7084 


4 

8 

I.4I42 

I. 2 S 99 

52 

2704 

140608 

7.2111 

3*7325 


9 

27 

1.7321 

1.4422 

S 3 

2800 

148877 

7.3801 

3.7563 


16 

64 

2.0000 

1.5874 

54 

2916 

157464 

7.348s 

3.7798 


25 

12s 

2.2361 

1.7100 

55 

3025 

16637s 

7.4163 

3.8030 

6 

36 

216 

2.449s 

1.8171 

56 

«3136 

175616 

7.4S33 

3.8259 

7 

49 

343 

2.6458 

1*9129 

57 

3249 

185193 

7.5498 

3.848s 

8 

64 

512 

2.8284 

2.0000 

58 

3364 

195112 

7.6158 

3.8709 


81 

729 

3.0000 

2.0801 


3481 

205379 

7.6811 

3 . 803 O 

lO 

100 

1000 

3*1623 

2.1544 

60 

3600 

216000 

7.7460 

3.9149 

11 

I 2 I 

1331 

3.3166 

2.2240 

61 

3721 

226981 

7.8102 

3.9365 

12 

144 

1728 

3*4641 

2.2894 

62 

3844 

238328 

7.8740 

3-9579 

13 

i6q 

2197 

3.6056 

2.3513 


3969 

250047 

7.9373 

i 3-9791 

14 

196 

2744 ' 

3*7417 

2.4101 

64 

4096 

262144 

8.0000 

4.0000 

15 

225 

3375 

3.8730 

2.4662 

65 

4225 

274625 

8.0623 

4.0207 

i6 

256 

4096 

4.0000 

2.5198 

66 

4356 

287496 

8.1240 

4.OAI2 

17 

289 

4913 

4-1231 

2.5713 

67 

4489 

300763 

- 8.1854 

4.061s 

i8 

324 

5832 

4.2426 

2-6207 

68 

4624 

314432 

8.2462 

4.0817 

19 

361 

6859 

4.3589 

2.6684 

69 

4761 

328509 

8.3066 

4,1016 

ao 

400 

8000 

4.4721 

2.7144 

70 

4900 

343000 

8.3666 

4.1213 

21 

441 

9261 

4.5826 

2.7589 

1, ' 71 ^ 

5041 

35791 I 

8.4261 

4.1408 

22 

484 

10648 

4.6904 

2.8020 

72 

5184 

373248 

8.4853 

4.1002 

23 

529 

12167 

4-7958 

2.8439 

73 

5329 

389017 

8.5440 

4.1703 

24 

576 

13824 

4.8990 

2.884s 

74 

5476 

405224 

8.6023 

4.1983 

25 

62s 

15625 

5.0000 

2.9240 

75 

562s 

42187s 

8.6603 

4.2172 

26 

670 

17576 

5. 0990 

2.9625 

76 

5776 

438976 

8.7178 

4.3358 

27 

729 

19683 

5.1962 

3.0000 

77 

5929 

456533 

8.7750 

4.2543 

28 

784 

21952 

5.2915 

3*0366 

78 

6084 

474552 

8,8318 

4.2727 

29 

841 

24389 

5.3852 

3.0723 

79 

6241 

493039 

8.8882 

4.2908 

SO 

900 

27000 

5.4772 

3.1072 

80 

6400 

512000 

8.9443 

4.3089 

31 

961 

29791 

S.5678 

3.1414 

81 

6561 

531441 

9.0000 

4.3267 

32 

1024 

32768 

5.6569 

3.1748 

82 

6724 

SS1368 

9.0554 

4-3445 

33 

1089 

35037 

5.7446 

3.207s 

83 

6S89 

571787 

9.1104 

4.3621 

34 

1156 

39304 

5.8310 

3.2396 


7056 

592704 

9.1652 

4.379s 

35 

1225 

4287s 

S.9161 

3. 2711 

85 

7225 

614125 

9.219s 

4.3968 

36 

1296 

46656 

6,0000 

3.3019 

86 

7396 

636050 

9.2736 

4.4140 

37 

1369 

50653 

6.0828 

3.3332 

87 

7569 

658503 

9.3276 

4.4310 

38 

1444 

54872 

6.1644 

3.3620 

88 

7744 

681472 

9.3808 

4.4480 

39 

IS2I 

59319 

6,2450 

3.3012 

89 

7921 

704969 

Q.4340 

4.4647 

40 

1600 

64000 

6.3246 

3.4200 

90 

8100 

729000 

9.4S68 

4.4814 

41 

1681 

68921 

6.4031 

3.4482 

91 

8281 

7 S 3 S 7 I 

9.5394 

4.4979 

42 

1764 

74088 

6.4807 

3.4760 

92 

8464 

778688 

0.5917 

4.5144 

43 

1849 

79507 

6.5574 

3.5034 

93 

S040 

804357 

0.6437 

4.5307 

44 

1936 

85184 

6.6332 

3.5303 

94 

8836 

830584 

9.6954 

4.5468 

45 

202$ 

9112s 

6.7082 

3.5569 

95 

9025 

857375 

9.7468 

4.5629 

46 

2116 

97336 

6.7823 

3.5830 

96 

9216 

884736 

9.7980 

4-5789 

4 r 

2209 

103823 

6.8557 

3.6088 

97 

9409 

912673 

9.8489 

4.5947 

48 

2304 

110592 

6.92S2 

3.6342 

98 

9604 

941192 

9.8905 

4.6104 

49 

2401 

117649 

7.0000 

3.6593 

99 

9801 

970299 

9.9499 

4.6261 

50 

2SOQ 

125000 

7.0711 

3.6840 

100 

lOOOO 

1000000 

10.0000 

4.6416 


GENERAL REFERENCE TABLES 


Squares, Cubes, Square and Cube Roots of Numbers from 

I TO 1000 




SQUARES AND CUBES 


Squares, Cubes, Square and Cube Roots of Numbers from 

I to 1000 


No. Square Cube Root No. Square Cube ^^^t Root 


201 40401 

202 4 o ^®4 

203 4x200 

204 410x0 

205 4202s 

206 42430 

207 42849 

208 43264 

209 43681 

210 44X00 


211 44S2I 

212 44944 

213 45369 

214 45796 

215 4622s 

216 46656 

217 47089 

218 47524 

219 47961 

220 48400 


939393X 

9528128 

9663597 

9800344 

993837s 

10077696 

10218313 

I03602i‘2 

10503459 

I 10648000 


221 48841 

222 49284 

223 49729 

224 50X76 

225 50625 

226 5X076 

227 5X529 

228 5X984 

229 S 244 X 

230 52900 

231 *'53361 

232 53824 

233 54289 

234 54756 

235 55225 

236 55696 

237 56169 

238 56644 

239 57x21 

240 57600 

341 58081 

242 58564 

243 59049 

244 59536 

24s 6002s 
346 60516 
247 61009 

245 61504 

249 62601 ! 

250 62500 


10793861 

10941048 

; 11089567 
11239424 

11390625 

11543176 

11697083 

11852352 

12008989 

12167000 

12326391 

12487168 

12649337 

12812904 

12977875 

13144256 

13312053 

13481272 

13651919 

13824000 


X3997S21 

14172488 

14348907 

14526784 

14706125 

14886930 

15069223 

15252992 

15438249 

15625000 


No. 

Square 

251 

63001 

252 

63504 

253 

64009 

254 

64516 

255 

65025 

256 

65536 

257 

66049 

258 

66564 

259 

67081 

260 

67600 

261 

68121 

262 

68644 

263 

69169 

264 

69696 

26s 

70225 

266 

70756 

267 

71289 

268 

7x824 

269 

72361 

270 

72900 

271 

7344X 

272 

73984 

273 

74529 

274 

75076 

275 

75625 

276 

76176 

277 

76729 

278 

77284 

279 

77841 

280 

78400 

281 

78961 

282 

79524 

283 

80089 

284 

80656 

28s 

81225 

286 

81796 

287 

82369 

288 

82944 

289 

83521 

290 

84100 

291 

84681 

292 

85264 

293 

85849 

294 

86436 

295 

87025 

296 

87616 

297 

88209 

298 

88804 

299 

89401 

300 

90000 


15813251 

16003008 

16194277 

16387064 

16581375 

16777216 

X6974593 

171735x2 

17373979 

17576000 

17779581 

17984728 

18191447 

X8399744 

18609625 

18821096 

19034x63 

19248832 

19465109 

19683000 


19902511 

20123648 

20346417 

20570824 

20796875 

21024576 

2X253933 

21484952 

21717639 

21952000 


22188041 

22425768 

22665187 

22906304 

2314912s 

23393656 

23639903 

23887872 

24x37569 

24389000 

24642171 

24897088 

251.53757 

25412184 

25672375 

25934336 

26198073 

26463592 

26730899 

27000000 


iliiis 




1136 GENERAL REFERENCE TABLES 

Squares, Cubes, Square and Cube Roots of Numbers prom 

I TO 1000 


No. Square Cube ^ Square Cube 


301 go6oi 

302 91204 

303 91809 

304 92416 
30s 9302s 

306 93636 

307 94249 

308 94864 

309 95481 

310 96100 

311 96721 

312 97344 

313 97969 

314 98596 

315 9922s 

316 99856 

317 100489 

318 101124 

319 101761 

320 102400 


321 103041 
32a 103684 

323 104329 

324 104976 
32s 105625 

326 106276 

327 106929 

328 107584 

329 108241 

330 108900 

331 109561 

332 110224 

333 110889 

334 111556 

335 112225 

336 112896 

337 113569 

338 114244 

339 114921 

340 115600 


27270901 

27543608 

27818127 


28372625 

28652616 

28934443 

29218112 

29503629 

29791000 

30080231 

30371328 

30664297 

30959144 

31255875 

31554496 

31855013 

32157432 

32461759 

32768000 

33076161 

33386248 

33698267 

34012224 

3432812s 

34645976 

34965783 

35287552 

35611289 

35937000 

36264691 

36594368 

36926037 

37259704 

37595375 

37933056 

38272753 

3861^72 

38958219 

39304000 


6.7018 351 

6.7092 352 

6.7166 353 

6.7240 354 
f73X3 3SS 

6.7387 356 
6.7460 357 
6.7533 3SS 
6.7606 359 

6.7679 360 

6.7752 361 

6.7S24 362 

6.7897 363 
6.7969 364 

6.8041 365 

6.8113 366 

6.818s 367 

6.8256 368 

6.8328 369 

6.8399 370 

6.8470 371 

6.8541 372 

6.8612 373 

6.8683 374 

6.8753 375 
6.8824 376 

6.8894 377 

6.8964 378 

f 9034 379 

6.9104 380 

6.9174 381 

6.9244 382 

6.93 13 383 

6.9382 384 

6.9451 38s 

6.9521 386 

6.9580 387 

6.9658 388 

6.9727 389 

6.979s 390 


43243551 

43614208 

43980977 

44361864 

4473887s 

45118016 

45499293 

45882712 

46268279 

46656000 

47045881 

47437928 

47832147 

48228544 

4862712s 

49027896 

49430863 

49836032 

50243409 

50653000 

51064811 

51478848 

51895x17 

52313624 

52734375 

53x57376 

53582633 

54010152 

54439939 

54872000 

55306341 

55742968 

56181887 

56623104 
57066625 
575x2456 
57960603 
584x1072 
58863869 
593 19000 


341 116281 

342 116964 

343 117649 

344 118336 

345 11902s 

346 119716 

347 120409 

348 12 1104 

349 121801 

350 122500 


39651821 

40001688 

40353607 

40707584 

41063625 

41421736 

41781923 

42144192 

42508549 

42875000 


6.9864 391 

6.9932 392 

7.0000 393 

7.0068 394 

7.0136 39S 

7.0203 396 

7.0271 397 

7.0338 39S 

7.0406 399 

7.0473 400 


59776471 

60236288 

60698457 

61162984 

61629875 

62099136 

62570773 

63044792 

63521199 

64000000 



SQUARES AND CUBES 


I SQtTARES, Cubes, Square AND CtJBE Roots op Numbers prom 


No. Square 


401 160801 

402 161604 

403 162409 

404 163216 
40s 16402s 

406 164836 

407 165649 

408 166464 

409 167281 

410 168100 

411 168921 

412 169744 

413 170569 

414 171396 
413 17222s 

416 173056 

417 173889 

418 174724 

419 175561 

420 176400 

421 177241 

422 178084 

423 178929 

424 179776 
42s 180625 

426 181476 

427 182329 

425 183184 

429 184041 

430 184900 

431 185761 

432 180624 

433 187489 

434 188356 

435 189225 

436 190096 

437 190969 

438 191844 

439 192721 

440 193600 

441 194481 

442 195364 

443 196249 

444 197136 

445 198025 

446 198916 

447 199809 

448 200704 

449 201601 

450 202500 


64481201 

64964808 

65450827 

65939264 

6643012s 

66923416 

67419143 

67917312 

68417929 

68921000 

69426531 

69934528 

70444997 

70957944 

7147337s 

71991296 

72511713 

73034632 

73560059 

74088000 

74618461 

75151448 

75686967 

76225024 

76765625 

77308776 

77854483 

78402752 

78953589 

79507000 

80062991 

80621568 

81182737 

81746504 

8231287s 

82881856 

83453453 

84027672 

84604519 

85184000 

85766121 

86350888 

8693S307 

87528384 

88121125 

88716536 

89314623 

89915392 

90518849 

91125000 



I TO 

1000 

Sq. 

Root 

1 

Cube 

Root 

No. 

Square 

20.0250 

7.3742 

451 

203401 

20.0499 

7.3803 

452 

204304 

20.0749 

7.3864 

453 

205209 

20.0998 

7.392 s 

4S4 

206116 

20.1246 

7.3986 

455 

207025 

20.1494 

7.4047 

456 

207936 

20.1742 

7.4108 

457 

208849 

20.1990 

7.4169 

458 

209764 

20.2237 

7.4229 

459 

210681 

20.248s 

7.4290 

460 

211600 

20.2731 

7.4350 

461 

212521 

20.2978 

7.4410 

462 

213444 

20.3224 

7.4470 

463 

214369 

20,3470 

7.4530 

464 

215290 

20.3715 

7.4590 

46s 

216225 

20.3961 

7.4650 

466 

217156 

20.4206 

7-4710 

467 

218089 

20.4450 

7.4770 

468 

219024 

20.4695 

7.4829 

469 

219961 

20.4939 

7.4889 

470 

220900 

20.5183 

7.4948 

471 

221841 

20.5426 

7.5007 

472 

222784 

20.5670 

7.5067 

473 

223729 

20.5913 

7.5126 

474 

224676 

20.615S1 

7.5185 

475 

225625 

20.6398 

7.5244 

476 

220576 

20.6640 

7.5302 

477 

227529 

20.6882 

7.5361 

478 

228484 

20.7123 

7.5420 

479 

229441 

20.7364 

7.5478 

480 1 

230400 

20.7605 

7.5537 

481 

23x361 

20.7846 

7-5595 

482 

232324 

20.8087 

7.5654 

483 

233289 

20,8327 

7.5712 

484 

234256 

20.8567 

7.5770 

48s 

235225 

20.8806 

7,5828 

486 

236196 

20.904s 

7.5886 

487 

237169 

20.9284 

7-5944 

1 48S 

238144 

20.9523 

7.6001 

489 

239121 

20.9762 

7.6059 

490 

240100 

21.0000 

7.6117 

491 

241081 

21.0238 

7.6174 

492 

242064 

, 21.0476 

7.6232 

493 

243049 

21.0713 

7.6289 

494 

244036 

21.0950 

7-6346 1 

495 

245025 

21.1187 

7-6403 

496 

246016 

21.1424 

7.6460 

497 

247009 

21,1660 

7.6517 

498 

248004 

21.1896 

7.6574 

499 

249001 

21,2132 

7.6631 

500 

250000 


91733851 2] 

92345408 23 
92959677 23 
93576664 23 

9419637s 23 

94818816 23 
95443993 23 

96071912 23 
96702579 23 

97336000 2: 

97972181 2: 
98611128 2: 
99252847 2: 

99897344 2: 

100544625 2: 
101194696 2: 
101847563 2: 
102503232 2 
103161709 2 
103823000 2 

104487111 2 
105154048 2 
105823817 2 
106496424 2 
10717187s 2 
107850176 2 
108531333 2 
109215352 2 
109902239 2 
110592000 2 

111284641 2 
111980108 2 
112678587 2 
113379904 2 

114084125 2 
114791256 2 

115501303 2 

116214272 2 
116930169 2 
117649000 2 

118370771 2 
119095488 2 
119823157 2 

120553784 2 
12128737s 2 
122023936 2 
122763473 2 
123505992 a 
124251499 a 
125000000 a 


21.4709 7.7250 
21.4942 7.7306 
21.5174 7.7362 
21.5407 7.7418 
21.5639 7-7473 # 
21.5870 7.7529 
21.6102 7.7584 

21.6333 7.7639 
21.6564 7.7695 
21.679s 7.7750 


1138 GENERAL REFERENCE TABLES 

Squares, Cubes, Square and Cube Roots of Numbers from 

I TO 1000 

Na Square Cube No. Square Cube 


SOX 25 1001 

502 252004 

503 253009 

504 254016 

505 255025 

506 256036 

507 257049 

508 258064 

509 259081 

510 260100 


SIX 261121 

512 262144 

513 263169 

514 264106 
t 51s 265225 

516 266256 

517 267289 

518 268324 

519 269361 

520 270^100 


521 27144I 

522 272484 

523 273529 

524 274576 

525 275625 

526 276676 

527 277729 
$28 278784 

529 279841 

530 280900 

531 281961 

532 283024 

533 284089 

534 285156 

535 28622s 

536 287296 

537 288369 

538 289444 

539 290521 

540 291600 

541 292681 

542 293764 

543 294849 

544 295936 

545 297025 

546 298116 

547 299209 

548 300304 

549 301401 

550 302500 


125751501 22.3830 
126506008 22.4054 
127263527 22.4277 
128024064 22.4499 
12878762s 22.4722 
129554216 22.4044 
130323843 22.5167 
131096512 22.5389 
131872229 22.5610 
132651000 22.5832 

133432831 22.6053 
134217728 22.6274 
135005697 22.649s 
135796744 22.6716 
136590875 22.6936 
137388096 22.7156 
138188413 22.7376 
138991832 22.7596 
139798359 22.7816 
140608000 22.803 s 

141420761 22.8254 
142236648 22.8473 
143055607 22.8692 
143877824 22.8910 
14470312s 22.9129 

145531576 22.9347 

146363183 22.9565 
147197952 22,9783 
148035889 23.0000 
148877000 23.0217 


149721291 23.0434 
150568708 23.0651 
15x419437 23.0868 
152273304 23.1084 
153130375 23.1301 
153990656 23.1517 
154854153 23.1733 

155720872 23.1948 
156590819 23.2164 
157464000 23.2379 

158340421 23.2594 
15922008S 23,2809 
160103007 23.3024 
160989184 23.3238 
161878625 23.3452 
162771336 23.3666 
163667323 23.3880 
164566592 23.4094 
165469140 23.4307 
166375000 23.4521 


551 303601 

552 304704 

553 305809 

554 306916 

555 308025 

556 309136 

557 310249 

558 311364 

559 3124S1 

560 313600 

561 314721 

562 315844 

503 316969 

564 318096 

565 319225 

566 320356 

567 321489 

568 322624 

569 323761 

570 324900 

571 326041 

572 327184 

573 328329 

574 329476 

575 330625 

576 331776 

577 332929 

■ 578 334084 

579 335241 

580 336400 

581 337561 

582 338724 

583 339889 

584 341056 

^ 585 342225 

I 586 343396 

587 344569 

588 345744 

589 346921 

590 348100 

591 349281 

592 350464 

593 351649 

594 352836 

595 35402s 

596 355216 

597 356409 

598 357604 

599 358801 

600 360000 


167284151 2 
168196608 2 
169112377 2 
170031464 2 

170953875 2 
171879616 2 
172808693 2 
I 73 741 I 12 2 
174676879 2 
175616000 2 

176558481 2 
177504328 2 

178453547 2 
179406144 2 
180362125 2 
1S1321496 2 
182284263 2 
183250432 2 
184220009 2 
185193000 2 

186169411 2 
187149248 2 
188132517 2 
189119224 2 
19010937s 2 
191102970 2 
192100033 2 
193100552 2 

194104539 2 
195112000 2 

196122941 2 
197137368 2 
198155287 2 
199176704 2 
200201025 2 
201230056 2 
202262063 2 
203297472 2 
204336469 2 
205379000 2 

206425071 2 
207474688 2 
208527857 2 
209584584 2 
21064487s 2 
211708736 5 
212776173 i 

213847192 5 
2 1402 1 799 5 
216000000 i 


■ 


1139 


SQUARES AND CUBES 


SoxiARES, COTES, Square and Cote Roots oe Numbers erom 

syua , ^ lOOO 


No.S 

quare ■ 

Cube 

Sq. 

Root 

Cube j 
Root 

'To. S 

quare 

Cube 

Sq. < 
Root 

Cube 

Root 

601 

602 

603 

604 
60s . 

606 

607 

608 
6og 

610 

611 

612 

613 

6x4 

615 

616 

617 

618 

619 

620 

621 

622 

623 

624 
62s’ 

626 

627 

628 

629 

630 

<531 

632 

633 

634 
63s 
6 $t 
63^ 

63 ? 

< 53 < 

64 < 

64: 

64: 

64 

64 

64 

64 

64 

64 

6s 

361201 

362404 

363609 

364816 

36602 s 
367236 
36S449 

369664 

370881 

372100 

373321 

S 7 A 5 j 4 

375769 

376996 

37822s 

379456 

380089 

381924 

383161 

384400 

385641 

386884 

3881291 

389376 

39062s 

391876 

393129 

394384 

395641 

396900 

398161 
: 399424 
, 400685 

, 40195^ 
1 40322.' 
i 40449^ 
r 40576? 
J 40704^ 
) 40832: 
3i 40960* 

1 41088 

2 41216, 

3 41344 

4 41473 

5 41602 

6 41731 

,7 4186c 
.8 4199c 

.9 4212c 
10 422SC 

217081801 2 
218167208 2 
219256227 2 
220348864 2 

22144512s 2 

222545016 2 

223648543 2 
224755712 2 
225866529 2 

226981000 i 

228099131 

229220928 

230346397 

231475544 

23260837s 

233744896 

234885113 

236029032 

237176659 

238328000 

239483061 

240641848 

241804367 

242970624 
244140625 
245314376 
246491883 
247673152 
248858189 
1 250047000 

251239591 

. 252435968 

I 253636137 

i 25484010^ 
; 25604787' 
) 2 S 72 S 94 SC 

) 25847485; 
j. 259694072 
[ 26091 7 IK 

3 262x4400* 

I 26337472 

4 26460928 
9 26584770 
6 26708098 

5 26833612 

6 26958613 

iQ 27084002 
>4 2720977^ 
>1 2733594'! 
>0 27462SOC 

4.5153 

4 -S 357 

4.5561 

4.5764 

4.5967 

4.6171 

14.6374 

14.6577 

14.6779 

14.6982 

24.7184 

24.7386 

24.7588 

24.7790 

24.7992 

24.8193 

24.839s 

24.8596 

24.8797 

24.8998 

24.9199 

24.9399 

24.9600 

24.9800 

25.0000 

25.0200 

25.0400 

25.0599 

25.0799 

25.0998 

25.1197 
. 25.1396 
' 25.1595 

^ 25 . 179 '! 

; 25.1992 

) 2S.219C 
j 25.238c 
J 25.258! 
) 25.278. 
D 25.298: 

I 25.318' 

8 25.337 

7 25.357 

4 25-377 

5 25.396 

6 25.416 
13 25.436 

12 2 S- 4 Si 
^9 25 * 47 ' 
>0 25.49; 

8.4390 < 
8.4437 < 

8.4484 * 
8.4530 ' 

8.4577 
8.4623 
8.4670 
8.4716 

8.4763 

8.4809 

8.4856 

8.4902 

8.4948 

8.4994 

8.5040 

8.5086 

8.5132 

8.5178 

8.5224 

8.5270 

8.5316 

8.5362 

8.5408 

8.5453 

8.5499 

8.5544 

8.5590 

8.5635 

8.5681 

8.5726 

8 .S 772 

1 8.5817 

; 8,5862 

^ 8.5907 

1 8.5952 

> 8.5997 

) 8.6043 

j 8.6088 
^ 8.6132 

2 8.6177 

□ S.6222 

7 8.6267 

4 8.6312 
2 8.6357 

9 8.6401 

'5 8.6446 
»2 8.6490 

;8 8 . 6 S 3 S 
!5 8.6579 
;i 8.6624 

5 si . 

5 S 2 

653 

654 

655 

656 

657 

658 

6 5 9 

660 

661 

662 

663 

664 

665 

666 

667 

668 

669 

670 

671 

672 

673 I 

674 

675 

670 

677 

678 

679 

680 

681 

682 

683 

684 
68s 
686 

687 

688 

689 

690 

691 

692 

693 

694 

695 

69? 

69^ 

6 gl 

6q( 

7 o< 

lltlltllft Billitm tllMMia llillig ilBIIIII 

275894451 2 

277167808 2 

278445077 2 

279726264 2 

281011375 2 

282300416 2 

283593393 2 

284890312 s 

286191179 2 

287496000 : 

288804781 

290117528 

291434247 

292754944 

294079625 

295408296 

296740963 

298077632 

299418309 

300763000 

302111711 

303464448 

304821217] 

306182024 

307546875 

308915776 

310288733 

311665752 

313046839 

314432000 

315821241 
317214568 
318611987 
32001350^ 
32141912; 
) 3228288s( 
) 32424270- 
j. 325660672 
[ 327 o 8276 ( 

5 32850900* 

I 32993937 
4. 33137388: 
9 33281255 

6 33425538 

5 33570237 

6 33715353 
9 33860887 
14 34006839 
>i 34153205 
0 343 * 3 C>ooc 

5*5147 i 

5-5343 : 
S-SS 39 
5-5734 
i 5 .S 930 

15.612s 

[5.6320 

! 5 . 6 siS 

!S. 67 io 

SS. 690 S 

25.7099 

25.7294 

25.7488 

25.7682 

25.7876 

25.8070 

25.8263 

25.8457 

25.8650 

25.8844 

25.9037 

25.9230 

25.9422, 

25.9615 

25.9808! 

26.0000 

26.0192 

26.0384 

26.0576 

26.076S 

26.0960 

1 26.1151 
' 26.1343 

^ 26 . 153 '! 
; 26.1725 

) 26.I9l^ 
5 26.2107 
i 26.229? 
) 26.248? 

3 26.267c 

I 26.286* 
8 26,30s* 
7 26.324* 

4 26.343' 

5 26.362 

6 26.381 
3 26.400 
i2 26.419 
t9 26.438 

>0 26.457 

8.6668 

S.6713 

8.6757 

8.6801 

8.684s 

8.6890 

8.6934 

8.6978 

8,7022 

8.7066 

8.7110 

8.7154 

8.7198 

8.7241 

8.728s 

8.7329 

8.7373 

8.741*5 

8.7460 

8.7503 

8.7547 

8.7590 

8.7634 

8.7677 

8.7721 

8.7764 

8.7807 

8.7850 

8.7893 

8.7937 

8.7980 
8.8023 
8,8066 
. 8.8109 
; 8.8152 
) 8.8194 
' 8.8237 

5 8.8280 
i 8.8323 
} 8.8366 

9 8.8408 

9 8.8451 

9 8.8493 

9 8.8536 

9 8.8578 

8 8.8621 

8 8.8663 

7 8.8706 
,6 8.8748 
5 8.8790 
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GENERAL REFERENCE TABLES 


Squares, Cubes, Square and Cube Roots of Numbers from 

I TO lOOO 


No. I 


Square 


701 

702 

703 
704! 
70s 

706 

707 

708 

709 

7101 


711 

712 

713 

714 
710 

717 

718 

719 

720 


721 

722 

723 
7 

72s 

726 

727 

728 

729 

730 1 

731 

732! 

733’ 

784 

736| 

738| 

739 

740; 

741 

7421 

743! 

744 

746| 

747 

748 
'TAO 

750 


491401 

492804! 

494209' 

49S010 

497025 

498436 

499849, 

501264 

502681 

504100] 


Cube 


344472101 
345948408 
347428927 
34S9 13664 
35040262s 
351895816! 

353303243 

354894912 

356400829 

3579110001 


505521, 

S06944I 

508369 

509796 

511225 

512656 

5x4089 

5x5524 

5x6961 

518400 

51984X 

521284 

522,729 

524x76 

525625 

527076 

528529 

529984 

531441 

532900 

534361 

535824 

537289 

538756 

540225 

541696 

543x69 

544644 

546121 

547600 

549081 

550-564 

552049^ 

553536 

555025, 

5565x6 

558009 

559504’ 

561001! 

562500] 


359425431 

360944x28] 

362467097 

363994344 

365525875 

367061696 

368601813 

370146232 

371694959, 

373248000 

■ . ■ j 

374805361, 

376367048] 

377933067 

3795034241 

381078125 

382657176, 

384240583 

385828352 

387420489 


Sq. 

Root 


26.4764 

26.4953 

26.5141 

26.5330 

26,ssi8| 

26.5707 

26.5895 

26.0083 

26.6271 

26.6458 

26.6646 

26.6S33 

26.7021 

26.7208 

26.739s: 

26.7582 

26.7769 

26.7955 

26.8142 

26.8328 

26.8514 

26.8701 

26.8887 

26.9072 

26.9258 

26.94441 

26.96291 

26.9815 

27.0000! 


389017000 27.0185 


390617891 

392223168’ 

393832837 

395446904 

397065375 

398688256 

400315553 

401947272 

403583419 

405224000 

406869021 

408518488 

410172407 

411830784 

413493625, 

415160936] 

4168327231 

4x8508992 

420x89^7491 

42x875000 


Cube 

Root 


27.0370] 

27.0SSS 

27.07 401 
,27.0924 
27.1109] 
27.1293 

27.1477 

27.1662 

[27.1846 

27.2029 

27.2213 

27.2397 

27.2580 

27.2764] 

I27.2947 

27.3130I 

27.3313, 

27.3496 

27.3679] 

27.38611 


8,8833 

8.887s 

8.8917 

8.8959 

8.9001 

8.9043 

8.9085 

8.9127 

8.9169 

8.9211 

8.9253 

8.9295 

8.9337 

8.9378 

8.9420 

8.9462 

8.9503 

8.9545 

8.9587 

8.9628 

8.9670 
8.9711 
8.9752 
8.9794 
8.983 s 
8,9876 
8.9918 
8.9959 
9.0000 
9.0041 

0.0082 

9.0123 

9.0164 

9.020s 

9.0246 

9.0287 

9.0328 

9.0369 

9.0410 

9.0450 


9.049X 

9.0532 

9.0572 

9.0613 

9.0654 

9.0694 

9.073s 

9.077s 

9.08x6 

9.0856 


No. 


Square 


75X 

752 

753 

754 

755 

756 

757 

758 

759 

760 

761 

762 

763 

764 

76s 

766 

767 

768 

769 

770 

771 

772 

773 

774 

775 

776 

777 

778 

779 

780 

781 

782 

783 

784 

785 

786 

787 

788 

789 

790 

79X 

792 

703 

794 

795 

796 

797 

798 

799 

800 


564001 

565504 

567009 

568516 

570025 

57x536 

573049 

574564 

576081 

577600 


579x21 

580644 

582169 

583690 

585225 

586756 

588289 

589824 

591361 

592900] 


S9444X 

595984 

597529 

599076 

600625 

602176 

603729 

605284 

606841 

608400 

609961 

611524] 

613089' 

614656] 

610225 

617796] 

6x9369, 

620944] 

622521 

624100 

625681 

627264 

628849] 

630436 

632025 

633616 

635209 

636804 

638401 

640000 


Cube 


Sq. 

Root 


423564751, 

425259008’ 

426957777 

428661064 

43036887s 

432081216 

433798093 

4355x95x2 

437245479] 

438976000] 

440711081 

442450728 

444194947 

445943744 

447697x25 

449455096 

451217663 

452984832 

454756609 

456533000] 

4583x4011 

460099648 

461889917 

463684824 

46548437s 

467288576 

469097433 

470910952 

472729139 

474552000] 

47637954: , 

478211768 
480048687 
48 1 890304 1 
483736025 
485587656 
487443403 

4S9303872 

491169069 

403039000 

' i 

494913671 

496793088 

498677257 

5005661 

502450875, 

504358336] 

506261573 

508169592 

510082399 

512000000! 


27.4044 

27.4226 

27.4408 

27.4591 

27.4773 

27.4955 

27.5x36 

27.53x8 

27.5500 

27.5681 


27.5862 

27.6043 

27.622s 

27.6405 

27.6586 

27.6767, 

27.6948 

27.7128 

27.7308 

27.7489 

27.7669 

27.7849 

27.8029 

27.8209 

27.8388 

27.8568 

27.8747 

27.8927 

27.9106 

27.9285 

27.9464! 

27.9643 

27.9821 

28.0000] 

28.0179] 

28.0357 

28.0535] 

28.0713 

28.0891 

28.1069 

28.1247 

28.1425 

28.1603; 

28,1780] 

28.1957 

28.213s 
28.2312, 
28.2489 
28.2666] 
] 28. 2843 1 


Cube 

Root 


9.0896 

9.0937 

9.0977 

9.1017 

9.1057 

9.1098 

9.1138 

9.1178 

9.1218 

9.1258 

9.1298 

9.1358 

9.1378 

9.1418 

9.1458 

9.1498 

9.IS37 

9.1577 

g.1617 

9.1657 

9.1696 

9.1736 

9.177s 

9.181s 

9.1855 

9.1894 

9.1933 

9.1973 

9.2012 

9.2052 

9,2091 

9.2130 

9-2170 

9.2209 

9.2248 

9.2287 

9,2326 

9.2365 

9.2404 

9.2443 

9,2482 

9.2521 

9.2560 

9.2599 

9.2638 

9.2677 

9.2716 

9.2754 

9.2793 

9.2832 


SQUARES AND CUBES 
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I 


Squares, Cubes, Square anu Cube Roots oe Numbers from 

I TO 1000 

jgo. Square Cube No. Square Cube 


■801 641601 
803 643204 

803 644809 

804 640416 
80s 64802s 

806 649636 

807 651249 

808 652864 

809 654481 

810 656100 

811 657721 

812 659344 

813 660969 

814 662596 

815 664225 

816 665856 

817 667489 

818 669124 

819 670761 

820 672400 

821 674041 

822 675684 

823 677329 

824 678976 

825 680625 

826 682276 

827 683929 

828 685584 
839 687241 

830 688900 

831 690561 

832 692224 

833 693889 

834 695556 
83s 697225 

836 698896 

837 700569 

838 702244 

839 703921 

840 705600 

841 707281 

842 708964 

843 710649 

844 712336 
84s 714025 

846 715716 

847 717409 

848 719104 

849 720801 

850 722500 


513922401 s 
515849608 j 
517781627 2 
519718464 2 
521660125 2 
523606616 2 
525557943 5 
527514112 s 
529475129 s 

S3I44IOOO 2 


533411731 5 
535387328 2 
537367797 i 
539353144 ! 
541343375 2 

543338496 5 

545338513 2 

547343432 i 

549353259 5 

551368000 2 


553387661 28.6531 
SSS412248 2B.670S 
557441767 28.6880 
559476224 28.7054 
561515625 28.7228 
563559976 28.7402 
565609283 28.7576 
567663552 28.7750 
569722789 28.7924 
5717B7000 28.8097 

573856191 28.8271 
575930368 28.8444 
578009537 28.8617 
580093704 28.8791 
582182875 28.8964 
584277056 28.9137 
586376253 28.9310 
588480472 28.9482 

590589719 28.9655 
592704000 28.9828 

594823321 29.0000 
596047688 29.0172 
599077107 29.034s 
601211584 29.0517 
603351125 29*0689 
605495730 29.0861 
607645423 29.1033 
609800192 29.1204 
611960049 29.1370 
614125000 29.1548 


871 758641 

872 760384 

873 762129 

874 763876 
87s 765625 

876 767376 

877 769129 

878 770884 

879 772641 

880 774400 

881 776161 
8S2 777924 

883 779689 

884 781450 

885 783225 

886 784096 

887 786769 

888 788544 

889 790321 

890 792100 

891 793881 

892 795664 

893 797449 

894 799236 
89s 801025 

896 802816 

897 804609 
8g8 806404 

899 808201 

900 810000 


616295051 29.1719 
618470208 29.1890 
620650477 29.2062 
622835864 29*2233 
625026375 29.2404 
627222016 29.2575 
629422793 29.2746 
631628712 29.2916 
633839779 29.3087 
636056000 29.3258 

638277381 29.3428 
640503928 29.3598 

642735647 29.3769 
644972544 29.3939 

647214625 29.4109 
649461896 29.4279 
65x714363 29.4449 
653972032 29.4618 
656234909 29,4788 
658503000 29.4958 

660776311 29.5127 
663054848 29.5296 
665338617 29.5466 
667627624 29.5635 
66992187s 29.5804 
672221376 29.5973 
674526133 29.6142 
676836152 29.6311 

679151439 29*6479 

681472000 29.6648 

683797841 29.6816 
68612896S 29.6985 
688465387 29.7153 
690807104 29.7321 

693154125 29.7489 
695506456 29.7658 
697864103 29.7825 
700227072 29.7993 
702595369 29.8161 
704969060 29.8329 


707347971 2 
709732288 2 
712121957 2 
714516984 2 
71691737s 2 
719323136 2 

721734273 2 
724150792 2 
726572699 2 
729000000 3 
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GENERAL REFERENCE TABLES 



Squares, Cubes, Square and Cube Roots oe Numbers from 

I TO lOOO' ' 


No. Square Cube ^ No. Square Cube gAe 


901 81 1801 

902 813604 

903 815409 

904 817216 

905 819025 

906 820836 

907 822649 

908 824464 

909 826281 

910 828100 

911 82992X 

912 831744 

913 833569 
9U 835396 

915 837225 

916 839056 

917 840889 

918 842724 

gig 844561 

920 846400 

921 848241 

922 850084 

923 851929 

924 853776 

925 855625 

926 857476 

927 859329 

928 861184 

929 863041 

930 864900 

931 866761 

932 868624 

933 870489 

934 872356 

935 874225 

936 876096 

937 877969 

938 879844 

939 881721 

940 883600 

941 885481 

942 887364 

943 889249 

944 891136 

945 893025 

946 894916 

947 896809 

948 898704 

949 900601 

950 O02500 


731432701 3 
733870808 3 
736314327 3 
738763264 3 
741217625 3 
743677416 3 
746142643 3 
748613312 3 
751089429 3 

753571000 3 


756058031 30.1828 

758550528 30-1993 

761048497 30.2159 
763551944 30.2324 
76606087 s 30.2490 
768575296 30.265s 
771095213 30.2820 
773620632 30.2985 
776151559 30.3150 
778688000 30,3315 

781229961 30,3480 
783777448 30.3645 
786330467 30.3809 
788889024 30.3974 
791453125 30.4138 
794022776 30.4302 
796597983 30.4467 
799178752 30.4631 
801765089 30.4795 
804357000 30,4959 

806954491 30.5123 
809557568 30.5287 
812166237 30.5450 
814780504 30.5614 

817400375 30.5778 
820025856 30.5941 
822656953 30.6105 
825293672 30.6268 
827936019 30.6431 
830584000 30.6594 

833237621 30.6757 
835896888 30.6920 
838561807 30.70S3 
84123238430.7246 
i 84390802 s 30.7409 
846590536 30.7571 
849278123 30.7734 
851971392 30.7896 
854670349 30.8058 
857375000 30.8221 


No. 

Square 

951 

904401 

952 

906304 

953 

908209 

954 

910116 

955 

912025 

956 

913936 

957 

915849 

958 

917764 

959 

9196S1 

960 

921600 

961 

923521 

962 

925444 

963 

927369 

964 

929296 

96s 

931225 

966 

933156 

967 

935089 

968 

937024 

969 

938961 

970 

040900 

971 

942841 

972 

944784 

973 

946729 

974 

948676 

975 

950625 

976 

952576 

977 

954529 

978 

956484 

979 

958441 

980 

960400 


9,764s 981 

9.7680 982 

9.771s 983 
9.7750 984 
9.778s 985 
9.7819 986 

9,7854 987 

9.7889 988 

9.7924 989 

9*7959 990 


9.7993 091 

9.8028 992 
9.8063 993 
9.8097 994 
9.8132 995 
9.8167 996 
9.8201 997 
9.8236 998 
9.8270 990 
9.8305 rooo : 


860085351 30.8383 < 
862801408 30.8545 ( 
865523177 30.8707 J 
868250664 30,8869 ( 
87098387s 30.9031 ( 
873722S16 30.9192 ( 

876467493 30.9354 - 
87921791230.9516 ( 
881974079 30.9677 ' 
8S4736000 30.9839 

887303681 31.0000 
S90277128 31.0161 

893056347 31.0322 
89584134431.0483 

898632125 31.0644 
90142869631.0805 
904231063 31.0966 
907039232 31.1127 
909853209 31.1288 
912673000 31.1448 

915498611 31.1609 
918330048 31.1769 

921167317 31.1929 

924010424 31,2090 
926859375 31.2250 
929714176 31.2410 
932574833 31.2570 
935441352 31.2730 

938313739 31.2890 
941192000 31.3050 

944076141 31.3209 
946966168 31.3369 
949862087 31.3528 
952763904 31.3088 
955671625 31.3847 
958585250 31.4006 
961504803 31.4166 
964430272 31.4325 
967361669 31-4484 
970299000 31.4643 


973242271 3 
. 976191488 

I 979146657 

• 982107784 
; 985074875 
) 988047936 
I 991026973 
^ 994011992 
: 997002999 

) JOOOOOOOOO 
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Areas AND Circumferences of Circi.es prom i to ioo 


Dia. 

Area 

Gircum. 

Dia. 

Area 

Circura. j 

Dia. 

Area 

, 'i-ty 

Circum. 


0.00077 

0.098175 

2 

3.1416 

6.28319 


19-635 

15.7080 

s 

0.00173 

0.147262 


3 ‘ 34 io 

647933 

A 

20.129 

15.9043 

A 

0.00307 

0.196350 

i 

3-5466 

6.67588 

1 

20.629 

16.1007 

A 

0.00690 

0.294524 

A 

3.7383 

6.87223 

A 

21.135 

16.2970 


0.01227 

0.392699 

i 

3.9761 

7.06858 

i 

21.648 

16.4934 

A 

O.01917 

0.490874 

A 

4.2000 

7.26493 

A 

22.166 

16.6897 

A 

0.02761 

O.58904Q 

1 

4.4301 

7.46128 

I 

22.691 

16.8861 

A 

0.0375S 

0.687223 

1 A 

4.6664 

7-63763 

A 

23.221 

17.0824 

i 

0.04909 

0.785398 

i 

4.9087 

7-85398 

i 

23-758 

17.2788 

A 

0.06213 

0.883373 

A 

3.1372 

8.05033 

A 

24.301 

X 7 - 47 SX 


0.07670 

0.981748 


5.41x9 

8.24668 

I 

24.850 

17.6715 

il 

0.09281 

1.07992 


3.6727 

8-44303 

# 

25.406 

17.8678 

f 

0.11045 

1.17810 

f 

3.9396 

8.63938 

f 

23.967 

18.0642 

ii 

0.12962 

1,27627 


6.2126 

8-83373 

li 

26.535 

18.2605 


0.15033 

1. 37443 


6.4918 

9.03208 

1 

27.109 

18.4569 

ii 

0.17257 

1.47262 

11 

6.7771 

9.22843 

if 

27.688 

18.6532 

4 

0.19635 

1.57080 

3 

7.0686 

9-42478 

6 

28.274 

18.8496 

ii 

0.22166 

1.66897 

A 

7.3662 

9.62113 

i 

29.465 

19.2423 

A 

0.24850 

1.76713 

i 

7.6699 

9.81748 

i 

30.680 

19.6350 

41 

0.27688 

1.86532 

A 

7.9798 

10.0138 

1 

31.919 

20.0277 

t 

0.30680 

1-96350 

i 

8.2958 

10.2102 

1 

33-183 

20.4204 


0.33824 

2,06167 

A 

8.6179 

10.4065 

t 

34.472 

20.8131 

+4 

0.37122 

2,15984 

I 

8.9462 

io.(k>29 

1 

35-785 

21.2058 

Ii 

0.40574 

2.25802 

A 

9.2806 

10.7992 

i 

37-122 

21.5984 

i 

0.44179 

2.35619 

i 

9.6211 

10.9956 

7 

38-485 

21.9911 


0.47937 

2-45437 

A 

9.9678 

II. 1919 

i 

39-871 

22.3838 

If 

0.51849 

2.55254 

S 

10.321 

11.3883 

1 

41.282 

22.7765 

il 

0.55914 

2.650A 

H 

10.680 

11.5846 

I 

42.718 

23.1692 

i 

0.60132 

2.74889 

i 

1 1 . 045 

11.7810 

i 

44.179 

23.5619 

M 

0.64504 

2.84707 

H 

11.416 

xi -9773 

f 

45-664 

23.9546 

M 

0.69029 

2.94524 

1 

11.793 

12.1737 

: f 

47-173 

24-3473 

Ii 

0.73708 

3.04342 

it 

12.177 

12.3700 

i 

48.707 

24.7400 

I 

0.78540 

3.14159 

4 

12.566 

12.5664 

8 

50.265 

25.1327 

A 

0,88664 

3-33794 

A 

12.962 

12.7627 

i 

31.849 

25-5255 

i 

0.99402 

3-53429 

i 

13.364 

12.9591 

i 

53-456 

25.9181 

A 

1.1075 

3.73064 

A 

13.772 

13-1554 

i 

35.088 

26.3108 

i 

X.22A 

3.92699 

i 

14.186 

13*3518 

§ 

56.745 

26.7035 

A 

I -3530 

4.12334 

A 

14.607 

x 3 * 548 i 

•1 

58.426 

27.0962 

i 

1.4849 

4.31Q69 

i 

I 5-033 

X 3-7445 ' 

i 

60.132 

27.4889 

A 

1.6230 

4.51604 

A 

15.466 

13.9408 

i 

61.862 

27.8816 

i 

1.7671 

4-71239 

i 

15.904 

14.1372 

9 

63.617 

28.2743 

A 

1.9175 

4-90874 


16.349 

X4.3335 

i 

65-397 

28.6670 

1 

2.0739 

5.10509 


16,800 

14.5299 

i 

67.201 

29.0597 


2.2365 

5-30144 


17-257 

14,7262 

i 

69.029 

29.4524 

i 

2.4053 

5-49779 

i 

17.721 

14.9226 


70.882 

29.8451 


• 2.5802 

5.69414 

9 

■ 1^190 

15.1189 

1 

72.760 

30-2378 

i 

2.7612 

5.89049 

i 

18.665 

15-3x53 

1 

74.662 

30-6305 

Jl 

2,9483 

6.08684 

11 

; I 9 -X 47 

15.5116 

i 

76.589 

31.0232 
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Areas akd Circumferences oe Circles from i to ioo. 


Dia. 

■ Area 

i Circum. 

Dia. 

Area 

Circum. 

Dia. 

Area 

Circum. 

28 

6 is 

75 

87 

.9646 

34 

907 

.92 

106.814 

40 

1256.6 

125.664 

i 

621 

26 

88 

•3573 


914 

.61 

107.207 

i 

1264.5 

126.056 

i 

626 

80 

88 

■7S°o 

i 

921 

‘32 

107.600 

i 

1272.4 

126.449 

i 

632 

36 

89 

.1427 


928 

.06 

107.992 

'i 

1280.3 

126.842 

i 

! 637 

94 

8 q 

•5354 

i 

934 

.82 

108.385 

4 

1288.2 

127.235 

1 

643 

55 

89 

.9281 


941 

.61 

108.788 


1296.2 

127.627 

i 

i 649 

18 

90 

.3208 

i 

948 

42 

109 .170 


1304-2 

128.020 

i 

! 656 

84 

; 90 

• 713 s 

i 

955 

•25 

109.563 

i 

1312.2 

128.413 

29 

660 

52 

91 

.1062 

35 

962 

.11 

109.956 

41 

1320.3 

128.805 

i 

666 

23 

91 

4989 

i 

969 

.00 

If 0.348 

4 

1328.3 

129.198 

i 

671 

96 

91 

,8916 

i 

975 

.91 

110.741 

4 

13364 

129.591 

1 

677 

71 

92 

.2843 


982 

.84 

III .134 

« 

1344.5 

129.993 

i 

683 

49 

92 

.6770 

i 

989 

.80 

111.527 

4 

1332-7 

130.376 

1 

I 689 

30 

93 

.0697 

1 

996 

.78 

III .919 

4 

1360.8 

130.769 

i 

69 s 

13 

93 

4624 

1 

1003 

.8 

112.312 

i 

1369.0 

131.161 

i 

700 

98 

93 

•8551 

i 

1010 

■8 

112.705 

1 

1377.2 

131.554 

30 

; 706 

86 

94 

.2478 

36 

1017 

•9 

113.097 

42 

13854 

131-947 

i 

712 

76 

94 

.6405 

i 

1025 

.0 

113.490 

i 

1393.7 

132.340 

i 

718 

69 

95 

.0332 

1 

1032 

.1 

113.883 

I 

1402 .0 

132.732 

i 

724 

64 

95 

4259 

s 

1039 

.2 

114.275 

1 

1410.3 

133.125 

i 

730 

62 

95 

.8186 

h 

1046 

■3 

114.668 

4 

1418.6 

133-518 

ft 

736 

62 

96 

.2113 

J 

1053 

•5 

115.061 

f 

1427.0 

133.910 

i 

742 

64 

96 

.6040 


1060 

•7 

115*454 

f 

1435.4 

134.303 

i 

748 

69 

96 

.9967 

i 

1068 

.0 

115.846 

i 

1443.8 

134.696 

31 

7S4 

77 : 

97 

•3894 

37 

1075 

.2 

116.239 


1452.2 

135-088 

i 

700 

87 

97 

.7821 

i 

1082 

•5 

116.632 

4 

1460.7 

135-481 

i 

766 

99 

98 

.1748 

i 

1089 

.8 

1 1 7. 024 

i 

1469.1 

135-874 

i 

773 

14 

98 

•5^75 

1 

1097 

.1 

1 17. 41 7 

1 

1477.6 

136.267 

i 

779 

31 

98 

.9602 

i 

1104 

■5 

117.810 

4 

1486.2 

136.659 

1 

78 s 

SI 

99 

•3529 

i 

iiii 

.8 

118.202 

1 

1494.7 

137-052 

1 

791 

73 

99 

.7456 

i 

1119 

.2 

118.596 

f 

1503.3 

137445 

i 

797 

98 I 

IOO 

.138 

i 

1126 

•7 

118.988 


1511.9 

137-837 

32 , 

804 

25 i 

IOO 

.531 

38 

1134 

.1 

119.381 

44 

1520.5 

138-230 

i 

810 

54 1 

IOO 

.924 

i 

1141 

.6 

II9-773 

4 

1529.2 

138-623 

i 

816 

86 i 

lOI 

.316 

i 

I 

1149 

.1 

120.166 

i 

1537.9 

139.015 

f 

823 

21 

lOI 

.709 

1156 

.6 

120.559 

t 

1546.6 

139408 

i 

829 

58 

102 

.102 

i 

1164 

.2 

120.951 

4 

1555.3 

139.801 

1 

83 s 

97 

102 

•494 

1 

1171 

•7 

121.344 

1 

1564.0 , 

140.194 

f 

842 

39 

102 

.887 

i 

1179 

•3 

121.737 

i 

1572.8 

140.586 

i 

848 

83 

103 

.280 

i. 

1186 

•9 

12 2.129 

i 

1581.6 1 

140.979 

33, 

855 

30 

103 

.673 

39 

1194 

.6 

122.522 


1590.4 

141.372 

i 

861 

79 

104 

.065 

i 

1202 

•3 

122.915 

4 

1599-3 

141.764 

i 

868 

31 

104 

458 

i 

1210 

.0 

123.308 

i 

1608.2 

142.157 

i 

874 

8 s 

104 

.851 

I 

1217 

•7 

123.700 

4 

1617.0 

142.550 

1 

881 

41 

105 

•243 

i 

I 22 S 

4 

124.093 

4 

1626.0 

142.942 

1 

888 

00 

m 

.636 

1 

1233 

.2 

124.486 

f 

1634.9 

143-335 

1 

894 

62 

106 

.029 

i 

1241 

.0 

124.878 

f 

1643.9 

143.728 

901 

26 

106 

421 

i 

1248 

.8 

125.271 

s 

1652.9 

144.121 



HO GENERAL REFERENCE TABLES 

Areas an 3> CiRCtriicPERENCES or Circles erom i to 


Circum. 1 jDia. I Area 1 Circum. I joia.i 


46 1661.9 
J 1670.9 
' r 6 So.o 
I 1689.1 
I 1698.2 

f 1707.4 
I 1716.5 

i 1725.7 

47 1734.9 
i 1744.2 

t 1753.5 

f 1762.7 

i 1772.1 
I 17 S 1.4 

f 1790.8 
I 1800. 1 

48 1809,6 
1 1819.0 
I 1828.5 

f 18379 

f 1847 .S 
t i 8 S 7 -o 
I 1866.5 
I 1876.1 

49 1885.7 

i 1895.4 

t 1905.0 

I I 9 I 4.7 

J 1924.2 
I I 934-2 
f I 943-9 
i I 9 S 3-7 
S°^ 1963.5 
f 1973-3 
i 1983-2 
I 1993-1 

J 2003,0 
I 2012.9 
i 2022.8 
I 2032.8 
51 2042.8 

i 2052.8 
i 2062.9 
I 2073.0 
J 2083.1 
S 2093.2 
I 2103.3 

t 2113.5 


144.513 

144.906 

145.299 

145.691 

146.084 

146.477 

146.869 

147.262 

147.655 

14 S .048 
148.440 
14S.833 
149.226 
149.618 
150.01 1 
j 150,404 

' 150.796 
151.189 
151.582 

151.975 

152.367 

152.760 

153.153 

153.544 

153*938 

154.331 

154.723 

i 55 *ii 6 

155.509 

155.904 

156.294 

156.687 

157.080 

157*472 

157.865 

158.258 

158.650 

159.043 

159.436 

159.829 
160.221 
160.614 
161 .C07 
161.399 
161.792 
162.185 
162.577 
102.970 


; 52 2123.7 

' I 2133.9 
i 2144.2 

f 2154.5 

i 2164.8 

I 2175.1 

I 2185.4 
I 2195.8 

53 2206.2 
i 2216.6 
J 2227.0 
f 2237.5 
J 2248.0 

I 

f 2269.1 

I 2279.6 

54 2290.2 
i 2300.8 

^ 2311-5 

f 2322.1 

i 2332-8 
t 2343 -S 

t 2354.3 
I 2365.0 

55 2375.8 
J 2386.6 
i 2397.5 
i 2408.3 
I 2419.2 

I 2430.1 

I 2441.1 
i 2452.0 

56 2463.0 
J 2474.0 
} 2485.0 
f 2496.1 
I 2507.2 
I 2518.3 
I 2529.4 
I 2540.6 

57 ^ 2551.8 
t 2563.0 
i 2574.2 
I 2585.4 
i 2596.7 
f 260 S .0 
I 2619.4 
I 2630.7 


163 -3 63 
163.756 
164.148 

164.541 
164,934 
165.326 
165.719 
166.112 
166.504 
166.897 
167.290 
167.683 
168.075 
168.468 
168 .861 
169.253 
169.646 
170.039 
170.431 
170.824 
171.217 
I 171.609 
172.002 

! 172.395 

172.788 

173.180 

i73*5’73 

173.966 

I 74 ‘ 35 S 

174*751 

175.144 

175*536 

175.929 < 

176.322 

176.715 

177.107 

177.500 

177.893 

178.285 

i 78 .j 578 

179.071 6 

179.463 

179.856 

180.249 

180.642 

181.034 

181.427 

181.820 


5 S 2642.1 
f 2653.5 
J 2664.9 
I 2676.4 
I 2687.8 
I 2699.3 
f 2710.9 
I 2722.4 
59 ^ 2734.0 
r 2745*6 
} 2757.2 
I 2768.8 
I 2780.5 
I 2792.2 
I 2803.9 
I 2815.7 

60 2827.4 
i 2839.2 
I 2851.0 
I 2862.9 
I 2874.8 
f 2886.6 
I 2898.6 

2910.5 

61 2922.5 

i 2934-5 

} 2946.5 

f 2958.5 
§ 2970.6 

I 2982.7 
I 2994.8 

J 3006.9 

62 3OI9.I 

i 3031*3 
t 3043*5 
f 3055*7 

J 3068.0 
I 3080.3 
f 3092.6 

I 3104*9 

63 3117.2 
i 3129*6 
i 3142.0 

I 3154.5 

i 3166-9 

f 3179.4 
i 3191*9 
i 3204.4 


182.212 

182.605 

182.998 

183.390 

183.783 

184.176 

184.569 

184.961 

*|S -354 

185.747 

186.130 

186.532 

186 . 921 ; 

187.3x7 

187.710 

188.103 

188.496 

188.888 

189.281 

189.674 

190.066 

i 0 o. 4 t;Q 

190.852 

191.244 

191.637 

192.030 

192.423 

192.815 

193*208 

193*601 

1193*993 

194.386 

194*779 

195.171 

195*564 

195.957 

196.350 

196.742 

197*135 

197.528 

197.920 

198.313 

198.706 

199.098 

199.491 

199.884 

200.277 

200.669 
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Areas AND Circcjmferences oe Circies eegm i to ioo 


Dia. 

Area 

Circum, | 

Dia. 

Area 

Circuxn. 

Dia. 

Area 

Circum. 

64 

3217.0 

201 

062 

70 

3848.5 

219.911 

76 

4536.5 

238.761 

i 

^229.6 

201 

435 

i 

3862.2 

220.304 

i 

4551*4 

239*154 

i 

3242.2 

201 

847 

i 

3876.0 

220.697 

J 

4566.4 

239-546 

1 

3254-8 

202 

240 

f 

3889.8 

221.090 

1 

4581.3 

239*939 

i 

3267-5 

202 

633 

1 

3903-6 

221.482 

i 

4596.3 

240 332 

t 

3280.1 

203 

025 

f 

3917-5 

221.87s 

t 

4611,4 

240.725 

1 

3292.8 

203 

418 

1 

3931.4 

222.268 

J 

4626.4 

241.117 

i 

33 °S -6 

203. 

8II 

, i 

3945-3 

222.660 

1 

4641.5 

241. 5 10 

6 ^ 

3318.3 

204 

204 

71 

3959-2 

223*053 

77 

4656.6 

241.903 


3331 -I 

204 

396 

i 

3973.1 

223.446 

i 

4671.8 

242.295 

i 

3343.9 

204 

989 

i 

3987-1 

223.838 

i 

46S6.9 

242.688 

1 

3356-7 

205 

382 

1 

400 I. I 

224.231 

f 

4702 .1 

243.0S1 

§ 

3369.6 

205 

774 

i 

4015.2 

224.624 

•1 

4717-3 

243*473 

1 

3382.4 

206 

167 

f 

4029.2 

225.017 

J 

4732.5 

243.866 


3395-3 

206 

560 

I 

4043.3 

225,409 


4747-8 

244.259 

1 

3408.2 

206 

952 

i 

4057-4 

225.802 

i 

4763-1 

244.652 

66 

3421.2 

207 

345 

72 

4071-5 

226.195 

78 

4778-4 

245.044 

i 

3434.3 

207 

738 

i 

4085.7 

226.587 

i 

4793-7 

245-437 

i 

3447.2 

208 


1 

4099.8 

226.930 


4809.0 

245.830 

i 

3460.2 

208 

523 

I 

4114.0 

227,3.73 

* 

4824.4 

246.222 

i 

3473-2 

208 

916 

1 

4128.2 

227,765 

i 

4839.8 

246.615 

f 

3486.3 

209 

309 

1 

4142.5 

228.158 

* 

4855.2 

247.008 

i 

3499.4 

209 

701 

i 

4156.8 

228.551 

1 

4870.7 

247.400 

i 

3512-S 

210 

094 

i 

4171.1 

228.944 

I 

4886.2 

247*793 

67 

3525-7 

210 

487 

73 

4185-4 

229.336 

79 

4901.7 

248.186 

i 

3538-8 

210 

879 

i 

4199.7 

229.729 


4917*2 

248.579 

i 

3332-0 

211 

272 

i 

42 14.1 

23Q.122 

4 

4932.7 

248.971 

S 

3565-2 

211 

66s 

i 

4228.5 

230.514 

■f 

4948.3 

249.364 

i 

3578.5 

212 

058 

i 

4242.9 

230*907 


4963.9 

249*757 

i 

3591-7 

212 

450 

t 

4257.4 

231.300 

f 

4979*5 

250,149 

i 

3605.0 

212 

843 

! 

4271.8 

231.692 

I 

4995.2 

, 250.542 

i 

3618.3 

213 

236 

1 

4286.3 

232.085 

i 

5010.9 

250.93s 

68 

3631-7 

213 

628 

74 

4300.8 

232.478 

80 

5026.5 

251*327 

i 

3645-0 

214 

021 

i 

4315.4 

232.871 

4 

5042.3 

251.720 

i 

3658.4 

214 

414 

1 

4329*9 

233,263 

4 

5058.0 

252.113 

1 

3671-8 

214 

806 

I 

4344.5 

233*656 

f 

5073*8 

252.506 

1 

3685.3 

215 

199 

1 

4359*2 

234.049 

4 

5089.6 

252.898 

i 

3698.7 

215 

592 

t 

4373*8 

234.441 

S 

5 105 .4 

253,291 

f 

3712-2 

21$ 

984 

5 

4388.5 

234*834 

i 

5121.2 

253.684 

i 

3723-7 

216 

337 


4403.1 

235.227 

i 

5137*1 

254.076 

69 

3739-3 

216 

770 

75 

4417.9 

235.619 

81 

5153*0 

254.469 

i 

3752.8 

217 

163 

i 

4432.6 

236,012 

4 

5168.9 

254.862 

i 

3766.4 

217 

555 

i 

4447*4 

236.405 

4 

5184,9 

255*254 

i 

3780.0 

217 

948 

^ 1 

4462.2 

236.798 

i 

5200,8 

255.647 

i 

3793-7 

218 

341 

4 

4477.0 

237.190 

4 

5216.8 

256,040 

f 

3807.3 

218 

733 

t 

4491.8 

237*583 

i 

5232.8 

256.433 

i 

3821.0 

219 

126 

i 

4506.7 

237*976 

1 

5248.9 

256.825 


3834-7 

219 

S19 

i 

4521.5 

238.368 

1 

5264.9 

257.218 
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Areas and Circumperences oe Circles prom: i to loo 


Dia. 

Area 

Circum. 

Dia. 

Area 

Circum, 

Dia. 

Area 

Circum. 

82 

5281.0 

257.611 

88 

6082.1 

276.460 

94 

6939.8 

2Q5 .3TQ 

i 

5297-1 

258.003 


6099.4 

276.853 

ft 

6958.2 

205. 

1 

5313-3 

258.396 

i 

6TT6.7 

277.846 

ft 

6976.7 

20 6.00 c 

i 

53294 

258.789 


6134.1 

277.638 

6995-3 

296.488 

i 

5345-6 

259.181 

1 

6151.4 

278.031 

ft 

7013.8 

296.881 

f 

5361-8 

259.574 

ft 

6168.8 

278.424 

ft 

7032.4 

207 . 2 'r? 

i 

5378-1 

259.967 

t 

6186.2 

278,816 

ft 

7051.0 

297.666 

1 

5394.3 

260.359 

ft 

6203.7 

279.209 

ft 

7069.6 

298.059 

83 

5410.6 

260.752 

89 

6221.1 

279.602 

9 S 

7088.2 

298.451 

i 

5426.9 

261.145 

i 

6238.6 

279-994 

ft 

7106.9 

298.844 

i 

5443-3 

261.538 


6256.1 

2S0.387 

ft 

7125.6 

200 . 21?7 

1 

5459-6 

261.930 

1 

6273.7 

280.780 

ft 

7144.3 

299.629 

i 

5476.0 

262.323 


6291.2 

281.173 

ft 

7163.0 

300.022 

f 

5492.4 

262.716 

ft 

6308.8 

281.565 

ft 

7181.8 

300.415 

1 

5508.8 

263.103 


6326.4 

281.958 

f 

7200.6 

300-807 

i 

5525.3 

263.501 


6344.1 

2S2.351 

ft 

7219.4 

301.200 

S4 

5541.8 

263.894 

90, 

6361.7 

282.743 

96 

7238.2 

301.593 

i 

5558.3 

264,286 

4 

6379-4 

283.136 

4 

7237-1 

301.986 

■' il 

5574.8 

264.679 

4 

6397-1 

283.529 

ft 

7276.0 

302.378 

i| 

5591.4 

265.072 

i 

6414.9 

283.921 

ft 

7294-9 

302.771 

i 

5607.9 

265.465 

I 

6432.6 

284,314 

ft 

7313-8 

303*164 

S 

5624.5 

265.857 

1 

'6450,4 

284.707 

ft 

7332-8 

303*556 

I 

5641.2 

266.250 


6468.2 

285.100 

ft 

7351-8 

' 303.949 


5657.8 

266.643 


6486.0 

285.492 

ft 

7370-8 

304*342 


5674.5 

267.035 


6503.9 

285.885 

97 

' 7389-8 

304*734 

i 

5691.2 

267.428 

i 

6521.8 

286.278 

4 

7408.9 

305*127 

i 

5707.9 

267.821 

i 

6539-7 

1 286.670 

ft 

7428.0 

305*520 

1 

5724.7 

268.213 

f 

6557-6 

287.063 

ft 

7447*1 

305.913 

i 

5741 . 5 

268.606 

1 

6575-5 

287.456 

ft 

7466.2 

306.305 

i 

5758.3 

268.999 

i 

6593-s 

287.848 

ft 

7485.3 

306.698 

i 

5775-1 

269.392 

< 

6611.5 

288.241 

ft 

7504.5 

307.091 

i 

5791.9 

269.784 

i 

6629.6 

288,634 

ft 

7523-7 

307*483 

86 

5808.8 

270.177 

92 

6647.6 

289.027 

98 

7543-0 

307.876 

i 

5825.7 

270.570 

i 

6665.7 

289.419 

ft 

7562.2 

308.269 

i 

5842.6 

270.962 

t 

6683.8 

289.812 


7581.5 

308.661 

I 

5859.6 

271.355 

1 

6701,9 

290.205 

1 

7600.8 

309.064 

i 

5876.5 

271.748 


0720.1 

290.597 

ft 

7620.1 

309.447 

i 

5893.5 

272.140 

i 

6738.2 

290.990 

f 

7639.5 

309.840 

1 

5910.6 

272.533 

i 

6756-4 

291.383 

ft 

7658.9 

310.232 


5927.6 

272.926 

J 

6774-7 

291.775 

ft 

7678.3 

310.625 

87 

5944.7 

273*319 


6792.9 

292.168 

99 

7697.7 

311.018 

i 

5961.8 

273.711 

i 

6811.2 

292.561 

: ft 

7717.1 

3II.4IO 

J 

5978.9 

274.104 

1 

6829.5 

292,954 

i 

7736.6 

311.803 

§ 

5996.0 

274.497 

1 

6847.8 

293-346 

ft 

7756.1 

312.196 

i 

6013,2 

274.889 

1 

6866,1 

293*739 

4 

7775-6 

312.588 

fi 

6030.4 

275.282 

f 

6884.5 

294.132 

ft 

7795-2 

312.981 

t 

6047.6 

275-675 

: i 

6902.9 

294.524 

ft 

7814.8 

313*374 

* 

6064.9 

276.067 

' 5 

6921.3 

294-917 

ft 

78344 

313*767 
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Areas AND Circumeerences or Circles from ioo to 1000 


Diam- 

Area. 

Circum. 

Diam. 

Area 

Circutn. 

Diam. 

Area 

Circum. 

IOO 

78 S 3-98 

314.16 

ISO 

17671.46 

471.24 

200 

31415.93 

628.32 

lOI 

8011.85 

317.30 

iSX 

17907.86 

474-38 

201 

31730.87 

631.46 

102 

i 8171.28 

320.44 

152 

18145.84 

477-52 

202 

32047.39 

634.60 

103 

i 8332.29 

323-58 

153 

18385.39 

480.66 

203 

32365.47 

637.74 

104 

8494-87 

326.73 

154 

18626.50 

483.81 

204 

32685.13 

640.88 

los 

8659.01 

329-87 

ISS 

18869.19 

486.95 

205 

3300^-36 

644.03 

106 

8824.73 

333-01 

156 

19x13-45 

490.09 

206 

33329.16 

647.17 

107 

8992.02 

336.15 

157 

19359.28 

493.23 

207 

33653-53 

650.31 

108 

9160.88 

339-29 

158 

19606.68 

496.37 

208 

33979-47 

653.45 

109 

9331-32 

342.43 

159 

19855.65 

499-51 

209 

34306.98 

656.59 

' no ’ 

9503.32 

345-58 

160 

20106.19 

502.65 

210 

34636.06 

659.73 

III 

9676.89 

348.72 

161 

20358.31 

505.80 

211 

34966.71 

662.88 

112 

9852.03 

3 SX -86 

162 

20611,99. 

508.94 

212 

35298.94 

666.02 

113 

10028.7s 

355-00 

163 

20867.24 

512.08 

213 

35632.73 

669.16 

114 

10207.03 

358.14 

164 

21124,07 

515.22 

214 

35968.09 

672.30 

ns 

10386.89 

361.28 

i6s 

21382,46 

518.36 

215 

36305.03 

675.44 

116 

10568.32 

364.42 

166 

21642.43 

521.50 

216 

36643-54 

678.58 

117 

10751.32 

367.57 

167 

21903.97 

524.65 

217 

36983.61 

681.73 

118 

10935.88 

370.71 

168 

22167.08 

527.79 

218 

37325.26 

684.87 

119 

11122.02 

373.85 

169 

22431.76 

530.93 

219 

37668.48 

68I01 

ISO 

11309.73 

376.99 

170 

22698.01 

534-07 

220 

38013.27 

691.1s 

I 2 I 

11499.01 

380.13 

171 

22965.83 

537-21 

221 

38359-63 

694.29 

122 

116S9.87 

383-27 

172 

23235.22 

540.3s 

222 

38707.56 

697*43 

123 

11882.29 

386.42 

173 

23506,18 

543-50 

223 

39057.07 

700.58 

124 

12076.28 

389-56 

174 

23778.71 

546.64 

224 

39408.14 

703.72 

I 2 S 

12271.85 

392.70 

175 

24052.82 

549.78 

225 

39760.78 

706.86 

ISO 

12468.98 

395-84 

176 

24328.49 

552.92 

226 

40115.00 

710,00 

127 

12667.69 

398.98 

177 

24605.74 

556.06 

227 

40470.78 

7x3-14 

128 

12867.96 

402.12 

178 

24884.56 

559-20 

228 

40828.14 

7x6.28 

129 

13069.81 

405-27 

179 

25164.94 

562.35 

229 

41187.07 

7x0.42 

130 

13273.23 

408.41 

180 

25446.90 

565.49 

230 

4x547.56 

722.57 

133: 

13478.22 

4 II-S 5 

181 

25730.43 

568.63 

231 

41909.63 

725.71 

132 

13684.78 

414.69 

182 

26015.53 

571-77 

232 

42273.27 

728.85 

133 

13892.91 

4x7.83 

183 

26302.20 

574-91 

233 

42638.48 

731.99 

134 

14102.61 

420.97 

184 

26590.44 

578.05 

234 

43005.26 

735-13 

135 

14313.88 

424.x 2 

i8s 

26880.25 

581.19 

23s 

43373.61 

738.27 

130 

14526.72 

427.26 

186 

27171.63 

584.34 

236 

43743-54 

741-42 

137 

14741-14 

430.40 

187 

27464.59 

587.48 

237 

441x5.03 

744.56 

138 

14957.12 

433-54 

188 

27759-xx 

590.62 

238 

44488.09 

747.70 

m 

15174.68 

436.68 

189 

28055.21 

593.76 

239 

44862.73 

750.84 

140 

15393.80 

439-82 

190 

28352-87 

596.90 

240 

45238.93 

753.98 

141 

15614.50 

442.96 

191 

28652.11 

600.04 

241 

45616.71 

757-12 

142 

15836.77 

446.11 

192 

28952.92 

603.19 

242 

45996.06 

760.27 

143 

16060.61 

449.25 

X 93 

29255.30 

600.33 

243 

46376.98 

763.41 

144 

16286.02 

452.39 

194 

29559.25 

609.47 

244 

46759.47 

766.55 

I 4 S 

16513.00 

455-53 

195 

29864.77 

612.61 

245 

47143-52 

769.69 

146 

16741.55 

458.67 

196 

30171.86 

615.75 

246 

47529.16 

772.83 

147 

16971.67 

461.81 

197 

30480.52 

618.89 

247 

479x6.36 

775-97 

148 

17203,36 

464.96 

198 

30790.75 

622.04 

1 248 

48305.13 

779.11 

149 

17436.62 

468.10 1 

199 

31102.55 

625.18 

249 

48695.47 

782.26 


These tables have been limited t® 1,000 in the belief that this covers =11 
the usual reqnirements. 

Should it be necessary to find the area or circumference of circles of larger 
diameter, it is only necessary to remember that areas increase with the 
square of the diameter and that the circumference increases directly with the 
diameter. In other words, doubling the diameter also doubles the circum- 
ference but increases the four times. 
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Areas ahd Ciscomeeeences of Circles from xoo to iooo 


Diam. 

Area 

Circum. 

Diam. 

Area 

Gircum. 

Diam. 

Area 

Circum. 

250 

49087.39 

785.40 

300 

70685,83 

942.48 

350 

96211.28 

1099.56 

2SI 

49480.87 

788.54 

301 

71157.86 

945.62 

351 

96761.84 

1102,70 

252 

49875.92 

791.68 

302 

71631.45 

948.76 

352 

97313.97 

1105,84 

2 S 3 

50272.55 

794.82 

303 

72106.62 

951-90 

353 

97867.68 

iioS.gl 

254 

50670.7 s 

797.96 

; 304 

72583.36 

955-04 

354 

98422.96 

1112.12 

2SS 

51070.52 

801.11 

305 

73061.66 

958.19 

3 SS 

98979.80 

1115.27 

256 

51471.8s 

804,25 

306 

73541.54 

961.33 

3 S 6 

99538.22 

1118.41 

257 

S1874.76 

807.39 

307 

7402 2, Q 9 

964.47 

357 

100098.21 

1121.55 

258 

52279*24 

8 iOiS3 

308 

74506.01 

967.61 

35S 

100659.77 

1124.69 

2 S 9 

52685.29 

813.67 

309 

74990.60 

970.7s 

359 

101222.90 

XI 27-83 

260 

53092.92 

816,81 ' 

310 

75476.76 

973-89 

360 

101787.60 

1130.97 

261 

S3502.11 

819.96 

311 

75964.50 

977.04 

361 

102353.87 

1134.1i 

262 

53912.87 

823.10 

312 

76453.80 

980.18 

362 

102921.72 

1137.26 

263 

54325.21 

826.24 

313 

76944.67 

983.32 

363 

103491-13 

1140.40 

264 

S4739.11 

829.38 

314 

77437.12 

986.46 

364 

104062.12 

1143-54 

26s 

55154.59 

832.52 

315 

77931.13 

989.60 


104634.67 

1146.68 

266 

55571.63 

835.66 

316 

78426.72 

992.74 

366 

105208.80 

1149-82 

267 1 

55990.25 

838.81 

317 

78923,88 

995.88 

367 

105784.49 

1152,96 

268 ' 

56410.44 

841.9s 

318 

79422.60 

990.03 

368 

106361.76 

1156.11 

269 

56832.20 

845*09 

319 

79922.90 

1002.17 

369 

106940.60 

1159.25 

270 

57255.53 

848.23 

320 

80424.77 

1005.31 

370 

107521.01 

1162.39 

271 

57680.43 

851-37 

321 

80928.21 

1008.4s 

371 

108102.99 

1165.53 

272 

58106.90 

854.51 

322 

81433.22 

1011.59 

372 

108686.54 

1168.67 

273 

S 8 S 34 . 94 ' 

857.65 

323 

81939.80 

1014.73 

373 

109271,66 

1171.81 

274 

58964.5s 

860.80 

324 

82447.96 

1017.88 

374 

109858.3s 

1174.96 

275 

59395.74 

863.94 

32s 

82957.68 

1021.02 

37.5 

110446.62 

1178.10 

276 

59828.49 

867.08 

326 

83468.98 

1024.16 

376 

111036.4s 

1181.24 

277 

60262,82 

870.22 

327 

83981.84 

1027.30 

377 

111627.80 

1184.38 

278 

60698.71 

873.36 

328 

84496.28 

1030.44 

378 

112220.83 

1187.52 

279 

61136.18 

876.50 

329 

85012.28 

1033.58 

379 

112815.38 

1190.66 

280 

61575.22 

879.6s 

330 

85529.86 

1036.73 

380 

113411.49 

1193.81 

281 

62015.82 

88 2. 79 : 

331 

86049.01 

1039.87 

381 

114009.18 

1196.9s 

282 

62458.00 

885.93 

332 

86569.73 

1043.01 

382 

114608.44 

1200.09 

283 

62901.75 

889.07 

333 

87092.02 

1046.15 

3S3 

115209.27 

1203.23 

284 

63347.07 

892.21 

334 

87615. 88 

1049.29 

384 

115811.67 

1206.37 

285 

63793*97 

895.35 

335 

88141.31 

1052.43 

3 ?§ 

116415.64 

1209.51 

286 

64242.43 

898.50 

336 

88668.31 

1055.58 

386 

117021.18 

1212.65 

287 

64692.46 

901 .04 

337 

89196.88 

1058.72 

387 

117628.30 

1215.80 

288 

65144.07 

904.78 

338 

89727.03 

1061.86 

38S 

118236.98 

1218.94 

289 

65597.24 

907.92 

339 

90258.74 

1065,00 

: 389 

118847.24] 

1222.08 

290 

66051.99 

1 911.06 

340 

90792.03 

1068.14 

390 

119459.06 

1225.22 

291 

66508.3a 

1 914.20 

341 

91326.88 

1071.28 

391 

120072.46 

1228.36 

292 

66966.19 

» 917.3s 

342 

91863.31 

1074.42 ' 

392 

120687.42 

1231.50 

293 


920.49 

343 

92401.31 

1077.57 

393 

121303.96 

1234.6s 

294 

67086.68 

1 923.63 

344 

92940.88 

1080.71 

394 

121922.07 

1237.79 

295 

68349.28 

i 926.77 

345 

93482.02 

1083.85 

395 

122541.75 

1240.93 

296 

68813.4s 

; 929.91 

346 

94024.73 

1086.99 

396 

1 231 63. OQ 

1 124407 

297 

69279.19 

» 933.05 

347 

94569.01 

1090.13 

397 

123785.82 

1247.21 

298 

69746.se 

>936.19 

348 

95114,86 

' 1093.27 

398 

124410.21 

1250.3 s 

299 

70215.38 

i 939.34 

349 

95662.28 

1 1096.42 

399 

125036.17 

1253.50 


Examples .- — Find the area and the circumference of a circle whose diameter 
is 1,124. Half of 1124 is 562. The table shows the area of 562 to be 
248,06^.30. Multiplying^ this by 4 gives 892,253.20. The circumference 
of 562 IS 1,765.58. Multiplying this by 2 gives 3,531.16. 

To find the area of 5,000, take the area of 1,000 from the table and multiply 
it by 25, because 25 is the square of 5. For the circumference multiply the 
circumference given in the table by 5. 



AREAS AND CIRCUMFERENCES 


Areas ani> Circumferences of Circles from ioo to rooo 


196349-54 

197135-72 

1:07923.48 

198712.80 

199503.70 

200296.17 

201090.20 

201885.81 
202682.99 

203481.74 


Diam. 

Area Circum. 

Diam. 

Area Ciraim, 

Diam. 

400 

125663.71 1256.64 

450 

XS 9043 .X 3 14 x 3.72 

500 

401 

126292.81 1259-78 

451 

159750.77 14 x 6.86 

501 

402 

126923.48 1262.92 

452 

160459.99 1420.00 

502 

403 

127555-73 1266.06 

453 

161170.77 1423.14 

S 03 

404 

128189.55 1269.20 

454 

161883.13 1426.28 

504 

405 

128824.93 1272 . 3 S 

455 

162597.05 1429.42 

SOS 

406 

129461.89 1275-49 

456 

163312.55 1432-57 ! 

506 

407 

130100.42 1278.63 

457 

164029.62 1435-71 ! 

507 


130740*52 1281.77 

458 

164748.26 1438 . 8 s 

50 S 

409 

131382.19 1284.91 

459 

165468.47 1441.99 

S 09 

410 

132025.43 1288.05 

460 

166190.25 1445.13 

510 

ill 

132670.24 1291. 19 

461 

166913.60 1448.27 

Sii 

412 

133316.63 129 ^ 1.34 

462 

167638.53 1451.42 

512 

413 

133964-58 1297.48 

463 

168365.02 1454.56 

S 13 

414 

134614.10 1300.62 

464 

169093 . 0 S 1457.70 

S 14 

41 S 

135265-20 1303.76 

46 s 

169822.72 1460.84 

51 S 

416 

I 359 I 7-86 1306.90 

466 

170553.92 1463.98 

516 

417 

136572.10 1310,04 

467 

171286.70 1467.12 

517 

418 

137227.91 13 x 3-19 

468 

172021.05 1470.27 

S 18 

419 

137885-29 1316.33 

469 

172756.97 X 473 . 4 X 

519 

420 

138544-24 1319-47 

470 

173494 . 4 s 1476.55 

520 

421 

139204.76 1322.61 

471 

X 7423 a.Si 1479-69 

521 

422 

139866.85 1325.75 

472 

174974 .X 4 1482.83 

522 

423 

I 40 S 30 ,SX 1328.89 

473 

1757 x 6 . 3 s 1485.97 

523 

424 

141195.74 1332.04 

474 

176460.12 1489. 1 1 

524 

42 s 

141862.54 133 S.X 8 

475 

177205.46 1492.26 

525 

426 

142530.92 1338.32 

476 

177952.37 1495.40 

526 

427 

143200.86 1341.46 

477 

178700.86 1498.54 

527 

428 

143872.38 1344-60 

478 

179450.91 1501.68 

1 528 

429 

144545.46 1347-74 

479 

180202.54 1504.82 

529 

430 " 

145220.12 1350.88 

480 

180955.74 1507.96 

530 

431 

145896.35 1354.03 

4 S 1 

181710.50 1511 . II 

531 

432 

146574.15 1357.17 

482 

182466.84 1514.25 

532 

433 

X 472 S 3 .S 2 1360.31 

483 

183224 . 7 s XS 17.39 

533 

434 

147934.46 136^45 

484 

183984.23 1520.53 

534 

435 

148616.97 1366.59 

485 

184745-28 1523.67 

535 

436 

149301 . 0 S 1369.73 

486 

185507.90 1526.81 

536 

437 

149986.70 1372.88 

487 

186272.10 1529.96 

537 

438 

150673.93 1376.02 1 

488 

187037.86 1533.10 

538 

439 

151362.72 1379.16 1 

489 

187805.19 1536.24 

539 

440 

152053.08 1382.30 

490 

188574.10 1539.38 

540 

441 

152745.02 1385.44 

49X 

189344.57 1542.52 

541 

442 

153438.53 1388.58 

492 

190116.62 1545.66 

542 

443 

154 x 33.60 139 X .73 

493 

190890.24 1548^81 

543 

444 

154830.25 1394.87 

494 

191665.43 1551.95 

544 

445 

XSSS28.47 X 398.01 

495 

192442.18 1555.09 

545 

446 

156228.26 1401.15 

496 

193220.51 1558.23 

546 

447 

156929.62 1404.29 

497 

194000.41 1561.37 

547 

448 

157632.55 1407.43 

498 

194781.89 1564,51 

548 

449 

158337.06 1410.58 

499 

195564-93 1567.65 

549 


220618.34 

22 I 4 SX. 6 s 

222286.53 

223122.98 

223961.00 

224800.50 

225641.75 

226484.48 

227328.79 

228174.66 

I 229022.10 
I 229871.12 
230721.71 

23 i:S 73-S6 

232427-59 
233 282. 89 
234139-76 

234998.20 

235858.21 

236719-79 
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Areas and Circumferences op Circles from ioo to 1000 


Diam. 

Area 

Circum. 

Diam. 

Area 

Circum. 

Diam. 

Area 

Circum, 

550 

237582.94 

1727.88 

600 

282743.34 

1884.96 

650 

331830.72 

2042.04 

551 

238447.67 

1731.02 

601 

283686.60 

1888.10 

651 

332852.53 

2045.1^ 

552 

239313-96 

1734-16 

602 

284631.44 

1891.24 

652 

333875-00 

2048,32 

553 

240181.83 

1737.30 

603 

285577.84 

1894.38 

653 

334900.85 

2051.46 

554 

241051.26 

1740.44 

604 

286525.82 

1897.52 

654 

335927.36 

2054.60 

555 

241922.27 

1743.58 

60s 

287475.36 

1900.66 

6SS 

336955.45 

2057.74 

556 

242794*85 

1746.73 

606 

288426.48 

1903.81 

636 

337985.10 

2060.88 

557 

243668.99 

1749.87 

607 

289379-17 

1906.95 

057 

339016.33 

2064,03 

SS8 

244544.71 

1753.01 

608 

290333.43 

1910.09 

658 

340049.13 

2067.17 

559 

245422,00 

1756.15 

609 

291289.26 

1913.23 

6 S 9 

341083.50 

2070.31 

560 

246300.86 

1759-29 

610 

292246.66 

1916.37 

660 

342119.44 

2073.4s 

S6i 

247181.30 

1762.43 

6ir 

293205.63 

1919.51 

661 

343156.95 

2076.59 

562 

248063.30 

1765.58 

612 

294166.17 

1922.65 

662 

344196.03 

2079.73 

563 

248946,87 

1768,72 

613 

295128.28 

1925.80 

663 

345236.69 

2082.88 

564 

249832.01 

1771.86 

614 

296091.97 

1928.94 

664 

346278.91 

2086.02 

565 

256718.73 

1775.00 

615 

297057.22 

1932.0S 

66s 

347322.70 

2089.16 

S66 

251607.01 

1778.14 

616 

298024.05 

1935.22 

666 

348368.07 

2092.30 

567 

252496.87 

1781,28 

617 

298992.44 

1938.36 

667 

349415.00 

2095.44 

S68 

253388.30 

1784.42 

618 

299962,41 

1941.50 

668 

350463.51 

2098.58 

569 

254281.29 

1787-57 

619 

300933.9s 

1944.6s 

669 

351513.59 

2101.73 

570 

255175-86 

1790.71 

620 

301907.05 

1947.79 

670 

352565.24 

2104.87 

571 

256072.00 

1793.85 

621 

302881.73 

1950.93 

671 

353618.4s 

2108.01 

572 

256969.71 

1796.99 

622 

303857.98 

1954.07 

672 

354673.24 

2111.15 

573 

257868.99 

1800.13 

623 

304835.80! 

1957.21 

673 

355729.60 

2114.29 

574 

258769.85 

1803.27 

624 

305815.20 

1960.3 s 

674 

356787.54 

2117.43 

575 

259672.27 

1806.42 

62s 

306796.16 

1963.50 

67s 

357847.04 

2120.58 

576 

260576.26 

1809,56 

626 

307778.69 

1966.64 

676 

358908.11 

2123.72 

577 

261481.83 

1812.70 

627 

308762.79 

1969.78 

677 

359970.75 

2126.86 

578 

262388,96 

1815,84 

628 

309748.47 

1972.92 

678 

361034.97 

2130.00 

579 

263297.67 

1818.98 

629 

310735.71 

1976.06 

679 

362100.75 

2133.14 

580 

264207,94 

1822.12 

630 

311724.53 

1979.20 

680 

363168.11 

2136.28 

S8i 

265119.79 

1825.27 

631 

312714.92 

1982.3s 

681 

364237.04 

2139.4 a 

582 

266033.21 

182S.41 

632 

313706.88 

1985.49 

682 

365307.54 

2142.57 

583 

26694S.20 

1831.5s 

633 

314700.40 

198S.63 

683 

366379.60 

2145.71 

384 

267864.76 

1834.69 

634 

315695.50 

1991.77 

514 

367453.24 

2148.85 

585 

268782.89 

, 1837.83 

63 s 

316692.17 

1994.91 

685 

368528.45 

2151.99 

S86 

269702.59 

1 1840.97 

636 

317690.42 

1998.05 

686 

369605.23 

2155,13 

587 

270623.86 

t 1844.1 1 

637 

318690.23 

2001.19 

687 

370683.59 

2158,27 

S88 

271S46.7C 

1 1847.26 

638 

319691.61 

2004.34 

688 

371763.51 

2101.42 

589 

272471,12 

! 1850.40 

639 

320694.56 

2007.48 

689 

372845.00 

2164.56 

590 

273397.1c 

> 1853.54 

640 

321699.09 

1 2010.62 

690 

373028.07 

2167.70 

591 

274324.66 

> 1856.68 

641 

322705.18 

i 2013.76 

691 

375012.70 

2170.84 

S 92 

275253.78 

! 1S59.82 

642 

323712.8s 

; 2016.90 

692 

376098,91 

2173.98 

593 

276184.46 

! 1S62.96 

643 

324722.09 

1 2020.04 

603 

377186.68 

i 2177,12 

594 

277 Ii 6 . 7 £ 

; 1866,11 

644 

325732.89 

1 2023.19 

694 

378276.03 

2180.27 

595 

278050.56 

1 1869.25 

64s 

326745.27 

' 2026.33 

69s 

379366.93 

■'.2183.4I" 

596 

278985.9? 

) 1872,39 

646 

327759.25 

! 2029.27 

696 

380459*44 

. 2186.55 

597 

279922.9; 

' 1875.53 

647 

328774.7^ 

i . 2032.61 

697 

381 553 . SC 

> 2189,69 

598 

280861.55 

I 1878.67 

648 

329791.8’ 

S 2035-75 

698 

382649.13 

1 2192.83 

599 

281801.6' 

; i 88 i. 8 i 

649 

330810.4c 

) 2038.89 

699 

383746.331 2195.97 



AREAS AND CIRCUMFERENCES 


Areas and Circumferences or Circles from ioo to iooo 


502654.82 2 

503912.25 2 
505171.24 2 
506431.80 2 
507693.94 ^ 

508057.64 2 

510222.02 2 
511489.77 2 
5X2758.19 2 
514028.18 2 

5x5299.74 2 

5X6572.87 2 
517847.57 2 
519123.84 2 
520401.68 2 
521681.10 2 
522962.08 2 
524244.63 2 
525528.76 2 

526814.46 2 

528101.73 2 
529390.56 2 
530680.97 S 

53x972.95 s 

533266.50 : 

534561.62 : 
535858.32 : 
537x56.58 ; 

538456.41 i 

539757.82 : 

541060.79 

542365.34 

543671.46 

544979.1s 

1 546288.40 
547599-23 

548911.63 
550225.61 
SSXS4X.I5 

552858.26 

554x76.94 

SSS497.20 

556819.02 

558142.42 

559467.39 

560793.92 

562122.03 
563451. 7X 
564782.96 
566115.78 


piam. 

Area Circum. 

Diam. 

Area Circum, 

Diam. 

700 

384845.10 2199,11 

750 

441786.47 2356.19 

800 

701 

385945.44 2202.26 

751 

442965.3s 2359.34 

801 

702 

387047.36 2205.40 

752 

444145.80 2362.48 

802 

703 

388150.84 2208.54 

753 

445327.83 2365.62 

803 

704 

389255.90 2211.68 

754 

446511.42 2368.76 

804 

' 70s 

390362.52 2214.82 

755 

447696.59 2371.90 

80s 

1 706 

391470.72 2217.96 

756 

448883.32 2375.04 

806 

f 707 

392580.49 2221.11 

757 

450071.63 2378.19 

807 

: 708 

393691.82 2224.25 

758 

451261.51 2381.33 

808 

[ 709 

394804.73 2227.39 

75.9 

452452.96 2384.47 

809 

; 710 

395919.21 2230.53 

760 

453645.98 2387.61 

810 

! 711 

397035.26 2233.67 

761 

454840.57 2390.7s 

811 

‘ 712 

398152.89 2236.81 

762 

456036.73 2393.89 

812 

713 

399272.08 2239.96 

763 

457234.46 2397-04 

813 

7x4 

400392.84 2243.10 

764 

458433.77 2400.18 

814 

715 

401515.18 ,2246.24 

76s 

459634.64 2403.32 

81S 

716 

402639.08 2249.38 

766 

460837.08 2406-46 

816 

7x7 

403764.56 2252.52 

767 

462041.10 2409.60 

817 

718 

404891.60 2255.66 

l 768 

463246.69 2412.74 

818 

719 

406020.22 2258.81 

769 

464453.84 2415.88 

819 

720 

407x50.41 2261.9s 

770 

465662.57 2419.03 

820 

721 

408282.17 2265.09 

771 

466872.87 2422.17 

821 

722 

409415.50 2268.23 

772 

468084.74 2425.31 

822 

723 

410550.40 2271.37 

773 

469298.18 2428.4s 

823 

724 

411686.87 2274.51 

774 

470513.19 2431.59 

824 

72s 

412824.91 2277,65 

775 

471729.77 2434.73 

§25 

726 

413964.52 2280.80 

776 

472947.92 2437.88 

826 

727 

415105.71 2283.94 

771 

474167.6s 2441.02 

827 

728 

416248.46 2287.08 

778 

475388.94 2444,16 

828 

729 

417392.79 2290.22 

779 

476611.81 2447.30 

829 

730 

418538.68 2293.36 

780 

477836.24 2450.44 

830 

1 731 

419686.15 2296.50 

781 

479062.25 2453.58 

831 

' 732 

420835.19 2299.6s 

782 

480289.83 2456.73 

832 

733 

42x985.79 2302.79 

783 

4815x8.97 2459-87 

833 

734 

423x37.97 2305.93 

784 

482749.69 2463.01 

834 

73S 

4242QX.72 2309.07 

78s 

483981.98 2466.15 

83s 

736 

425447.04 2312.21 

786 

485215.84 2469.29 

836 

737 

426603.94 2315.35 

787 

486451.28 2472,43 


738 

427762.40 2318.50 

788 

487688.28 2475.58 

§38 

739 

428922.43 2321.64 

789 

488926.85 2478,72 

839 

740 

430084.03 2324.78 

790 

490166.99 2481.86 

840 

741 

431247,21 2327.92 

791 

491408.71 2485.00 

841 

742 

432411.9s 2331,06 

792 

492651.99 2488.14 

842 

743 

433578-27 2334.20 

793 

493896.85 2491.28 

S43 

744 

434746.16 2337.34 

794 

495143.28 2494.42 

844 

745 

4359x5.62 2340,49 ! 

795 

496391.27 2497.57 

84s 

746 

437086.64 2343.63 

796 

497640.84 2500.71 ! 

846 

747 

438259.24 2346,77 

797 

498891.98 2503.8s 

847 

748 

439433.41 2349.91 

798 

S00144.09 2506.99 

848 

749 

440609.16 2353.05 

799 

501398.97 2510.13 

[849 
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Diam. 

Area Circum. 

Diam. 

Area 

Circum. 

Diam. 

; 'Area. 

Circum. 

8so 

367450.17 2670,35 

QOO 

636172.51 

2827.43 

950 

708821.84 

2984.51 

851 

368786.14 2673.50 

901 

637587.01 

2830.58 

951 

710314.88 

2987.6s 

852 

570123.67 2676.64 

902 

639003.09 

2833.72 

952 

711809.50 

2990.86 

853 

571462.77 2679.78 

903 

640420.73 

2836.86 

953 

713305.68 

2993.94 

854 

572803.45 2682,92 

904 

641839.9s 

2840.00 

954 

714803.43 

2997.08 

8ss 

574145.69 2686.06 

90s 

643260.73 

2843.14 

955 

716302.76 

3000.22 

856 

575489-51 2689.20 

906 

644683.09 

2846.28 

956 

717803.66 

3003.36 

8 s 7 

576834.90 2692.34 

907 

646107.01 

2849.42 

957 

719306.12 

3006. so 

858 

578181.85 2695.49 

go8 

647532.51 

2852.57 

958 

720810.16 

3009.65 

859 

579530-38 2698.63 

909 

648959.58 

2855.71 

959 

722315.77 

3013.79 

860 

580880.48 2701.77 

910 

650388.22 

2858.85 

960 

723822.9s 

3015.93 

861 

582232.15 2704.91 

911 

651818.43 

2861.99 

961 

725331.70 

3019.07 

862 

583585.39 2708.05 

912 

653250.21 

2865.13 

962 

726842.02 

3022.21 

863 

584940.20 2711.19 

913 

654683.56 

2868.27 

963 

728353.91 

3025.3s 

864 

586296.59 2714.34 

914 

656118.48 

2871,42 

964 

729S67.37 

3028.50 

86s 

587654.54 2717.48 

915 

657554-98 

2874.56 

96s 

731382.40 

3031.64 

866 

589014.07 2720.62 

916 

658993-04 

2877.70 

966 

732899.01 

3034.78 

867 

S9037.';.i6 2723.76 

917 

660432.68 

2880.84 

967 

734417-18 

3037.92 

868 

591737.83 2726.90 

918 

661873.88 

2883.98 

968 

735936.93 

3041.06 

869 

593102.06 2730.04 

919 

663316.66 

2887,12 

969 

737458.24 

3044.20 

870 

594467.87 2733.19 

920 

664761.01 

2890.27 

970 

738981.13 

3047.34 

871 

595835.25 2736.33 

921 

666206.92 

2893.41 

971 

740505.59 

3050.49 

872 

597204.20 2739.47 

922 

667654.41 

2896.55 

972 

742031.62 

3053.03 

873 

598574.72 2742.61 

923 

669103.47 

2899.69 

973 

745559.22 

3056.77 

874 

599946.81 2745.75 

924 

670554.10 

2902.83 

974 

745088,39 

3059.91 

87s 

60x320.47 2748.89 

925 

672006.30 

2905.97 

975 ' 

746619.13 

3063.05 

876 

602695,70 2752.04 

026 

673460.08 

2909.11 

976 

748151.44 

3066,19 

877 

604072.50 2755,18 

927 

674915.42 

2912.26 

977 

749685.32 

3069.34 

878 

605450.88 2758.32 

928 

676372-33 

2915.40 

978 

751220.78 

3072.48 

879 

606830.82 2761.46 

929 

677830,82 

2918.54 

979 

752757.80 

3075.62 

880 

608212.34 2764.60 

930 

679290.87 

2921.68 

980 

754296.40 

3078,76 

88 1 

609595.42 2767.74 

931 

680752.50 

2924.82 

981 

755836.59 

3081.90 

882 

610980.08 2770.88 

932 

682215.69 

2927.96 

983 

757378.30 

3085.04 

883 

612366.31 2774.03 

933 

6836S0.40 

2931.11 

983 

758921.61 

3088.19 


613754.11 2777.17 

934 

685146.80 

2934.25 

984 

760466,48 

3091.33 


6x5143,48 2780.31 

935 

686614,71 

2937.39 

985 

762012.93 

3094.47 

886 

616534.42 2783.4s 

936 

688084.19 

2940.53 

986 

763560.9s 

3097,61 

887 

617926.93 2786.59 

937 

689555.24 

2943.67 

987 

765110.54 

3100.75 

888 

610321.01 2789.73 

938 

691027.86 

2946.81 

988 

766661.70 

3103.89 

889 

620716.66 2792.88 

939 

692502.05 

2949*96 

989 

768214,44 

3107.04 

890 

622113.80 2796.02 

940 

693977.82 

2953-10 

990 

769768.74 

3110.18 

891 

623512,68 2799-16 : 

941 

605455-15 

2956.24 

991 

771324.61 

3113.32 

892 

624913.04 2802.30 

942 

696934.06 

29 S 9-38 

992 

772882.06 

3116.46 

893 

626314.98 2805.44 

943 

698414.53 

2962.52 

993 

774441.07 

3119.60 

894 

627718.49 2808.58 

944 

699806.58 

2965.66 

994 

776001.66 

3122.74 

89s 

629123.56 2811,73 

045 

701380.19 

296S.81 

995 

777563.82 

3125.88 

806 

630530.21 2814.87 

046 

702865.38 

2971.9s 

996 

779127.54 

3129-03 

897 

631938.43 28x8.01 

947 

704352.14 

2975-09 

997 

780692.84 

3x32.17 

898 

633348,22 2821.1s 

948 

705840.47 

2978.23 ' 

998 

782259.71 

3135.31 

899 

634759.58 2824.29 

949 

707330.37 

2981.37 1 

999 

783828.1s 

3138-45 






1000 

785398.16 

3141.59 


CIRCLES 


1 1 55 


Circumferences AND Diameters of Circles 


Gir- 

cum. 

Diameter 

Cir- 

cum. 

Diameter 

Cir- 

ciim. 

Diameter 

Cir- 

cum. 

Diameter 


.31B3 

51 

16.2338 

101 

32.1493 

iSi 

48.0648 


.6366 

52 

16.5521 

102 

32.4676 

152 

48.3831 

3 

•9549 

S 3 

16.8704 

103 

32.7859 

XS 3 

48.7014 

4 

1.2732 

54 

17.1887 

104 

33.1042 

154 

49.0197 


1.5915 

55 

17.5070 

los 

33.4225 

155 

49.3380 

1 

1.9099 

56 

17.8254 

106 

33.7408 

156 

49.6563 

7 

2.2282 

57 

18.1437 

107 

' 34-0592 

157 

49.9747 

8 

2.5465 

' S8 

18.4620 

108 

34-3775 

158 

50.2930 

0 

2.M48 

59 

18.7803 

109 

34-6958 

159 

50.6113 

10 

3-1831 

60 

19.0980 

no 

35-0141 

160 

50.9296 

11 

3-5014 

61 

19.4169 

til 

35-3324 

161 

51.2479 

12 

3-8197 

62 

19.7352 

112 

35-6507 

162 

51.5662 


4.1380 

63 

20.0535 

113 ! 

35-9690 

163 

51.8845 

14 * 

4.4563 

64 

20.3718 

114 

36.2873 

164 

52.202S 

IS ' 

4.7746 

6s 

20.6901 

ns 

36-6056 

16s 

52.5211 

i6 

5.0930 

66 

21.0085 

116 

36.9239 

166 

52.8394 

17 

5.4113 

67 

21.3268 

117 

37.2423 

167 

53.1578 

i8 

5.7296 

68 

21.6451 

118 

37.5606 

168 

53.4761 

19 

6.0479 

69 

21.9634 

119 

37.8789 

169 

53.7944 

20 

6.3662 

70 

22.2S17 

120 

38.1972 

170 

54.1x27 

21 

6.684s 

71 

22.6000 

121 

38.5155 

171 

54.4310 

22 

7.0028 

72 

22.Q183 

122 

38.8338 

172 

54.7493 

23 

7.3211 

73 

23.2366 

123 

39 - 1 S 2 I 

173 

55.0676 

24 

7.6394 

74 

23-5549 

124 

39.4704 

174 

55.3859 

25 

7-9577 

75 

23.8732 

125 

39.7887 

I 7 S 

SS.7042 

26 

8.2761 

76 

24.1916 

126 

40.1070 

176 

56.0225 

27 

8.5944 

. 77 

24.5099 

127 

40.4254 

177 

56.3408 

28 

8.9127 

78 

24.8282 

128 

40.7437 

178 

56,6592 

29 

9.2310 

79 

25.1465 

129 

41.0620 

179 

56.9775 

30 

9-5493 

80 

25.464S 

130 

41-3803 

180 

57.2958 

31 'i 

9.8676 

81 

25-7831 

131 

41,6986 

181 

57.6141 

■ 32 

10,1859 

82 

26.1014 

132 

42.0169 

182 

57.9324 

' 33 ' 

10.5042 

83 

26.4197 

133 

42.3352 

183 

58.2507 

34 

10.8225 


26.7380 

134 

42.6535 

184 

58.5690 

3 S 

11.1408 

8s 

27.0563 

I 3 S 

42.9718 


58.8873 

36 

11.4592 

86 

27.3747 

136 

43.2901 - 

186 

59.2056 

37 

11-7775 

87 

27.6930 

137 

43.6085 

187 

59.5239 

38 

12.0958 

88 

28.0113 

138 

43.926S 

188 

59-8423 

39 

12.4141 

89 

28.3296 

139 

44.2451 

189 

60.1606 

40 

12.7324 

90 

28.6479 

140 

44.5634 

190 

60.4789 

4I: 

13.0507 

91 

28.9662 

141 

44.8817 

I9I 

60.7972 

42 

13.3690 

92 

29.284s 

142 

45.2000 

192 

61.XISS 

'43 

13.6873 

93 

29.6028 

143 

45-5183 

193 

61.4338 

44 

14,0056 

94 

29.9211 

144 

45.8366 

194 

61.7521 

4 S ■ 

14.3239 

95 

30.2394 

14s 

46.1549 

IQS 

62.0704 

46 

14.6423 

96 

30.5577 

146 

46.4732 

196 

62.3887 

47 

14.9606 

97 

30.8761 


46.7916 

197 

62.7070 

48 

15»2789 

98 

31.1944 

148 

47.1099 

198 

63.0254 

49 

15,5972 

99 

31.5127 

149 

47.4282 

199 

63,3437 

50 

15.9155 

100 

31-8310 

ISO ' 

47.746s 

200 

63.6620 




GENERAL REFERENCE TABLES 


Reciprocals op Numbers prom i to iooo 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

I 

1.00000000 

■ 

1 SI 

.01960784 

101 

.00990099 

151 

.00662252 

2 

.50000000 

52 

.01923077 

102 

.00980392 

152 

.00657895 

3 

.33333333 

S 3 

.01886792 

103 

.00970874 

153 

.00653595 

4 

,25000000 

54 

.01851852 

104 

.00961538 

154 

.00649351 

S 

.20000000 

55 

.01818182 

10s 

.00952381 

155 

.00645161 

6 

.16666667 

S6 

.01785714 

106 

.00943396 

156 

.00641026 

7 

.14285714 

57 

.01754586 

107 

.00934579 

157 

.00636943 

8 

.12500000 

58 

.01724138 

108 

.00925926 

isa 

.00632911 

9 

.iiiiiiii 

59 

.01694915 

109 

.00917431 < 

159 

.00628931 

10 

.10000000 

60 

.01666667 

no 

.00909091 

160 

.00625000 

II 

.09090909 

61 

.01639344 

III 

.00900901 

161 

.00621118 

X 2 

•08333333 

62 

.01612903 

112 

.00892857 

162 

.00617284 

13 

.07692308 

63 

.01587302 

113 

.00884956 

163 

.00613497 

14 

.07142857 

64 

.01562500 

II4 

.00877193 

164 

.00609756 

IS 

.06666667 

65 

.01538461 

115 

.00869565 

16s 

.00606061 

i6 

.06250000 

66 

.01515151 

116 

.00862069 

166 

.00602410 

17 

.05882353 

67 

.01492537 

II7 

.00854701 

167 

.00598802 

i8 

.05555556 

68 

.01470588 

iiS 

.00847458 

168 

.00595238 

19 

.05263158 

69 

.01449275 

119 

.00840336 

169 

.00591716 

20 

.05000000 

70 

.01428571 

120 

.00833333- 

170 

.00588235 

21 

.04761905 

71 

,01408451 

121 

.00826446 

171 

.00584795 

22 

.04545455 ' 

72 

.01388889 

122 

.00819672 

172 

,00581395 

23 

.04347826 

73 

.01369863 

123 

.00813008 

173 

.00578035 

24 

.04166667 

74 

.01351351 

124 

.00806452 

174 

•00574713 

25 

.04000000 

75 

.01333333 

125 

.00800000 

175 

.00571429 

26 

,03846154 

76 

.01315789 

126 

.00793651 

176 

.00568182 

27 

.03703704 

77 

.01298701 

127 

.00787402 

177 

.00564972 

28 

.03571429 

78 

.01282051 

128 

,00781250 

178 

.00561798 

29 

,03448276 


.01265823 

129 

.00775194 

179 

.00558659 

30 

.03333333 

80 

.01250000 

130 

.00769231 

180 

.00555556 

31 

.03225806 

81 

.01234568 

I3I 

.00763359 

i8r 

.00552486 

32 

.03125000 

82 

.01219512 

132 

.00757576 

182 

.00549451 

33 

.03030503 

83 

.01204819 

133 

.00751880 

183 

.00546448 

34 

.02941176 


.01190476 

134 

.00746269 

184 

.00543478 

35 

.02857143 


.01176471 

135 

.00740741 

185 

.00540540 

36 

.02777778 j 

86 

.01162791 

136 

.00735294 

186 

.00537634 

37 

.02702703 i 

.87 

.01149425 

1 137 

.00729927 

187 

.00534759 

38 

.02631579 

88 

.01136364 

138 

.00724638 

188 

.00531914 

39 

.02564103 

89 

.01123595 

139 

.00719424 

180 

.00529100 

40 

.02500000 

90 

.01111111 

140 

.00714286 

190 

.00526316 

41 

.02439024 

91 

.01098901 

I4I 

.00709220 

: 191 

,00523560 

42 

.02380952 

92 

.01086956 

142 

.00704225 

192 

.00520833 

43 

.02325581 

93 

.01075269 

143 

.00699301 

193 

.00518135 

44 

.02272727 

94 

.01063830 

144 

.00694444 

194 

.00515404 

45 

.02222222 

95 

.01052632 

14s 

.00689655 

19s 

.00512820 

46 

.02173913 

96 

.01041667 

146 

.00684931 

196 

.00510204 

47 

.02127660 

97 

.01030928 

147 

.00680272 

197 

.00507614 

48 

.02083333 

98 

.01020408 

148 

.00675676 

198 

.00505051 

49 

.02040810 

99 

•OIOIOIOI 

140 

.00671141 

199 

.00502513 

SO 

.02000000 

100 

.01000000 i 

ISO 

.00666667 

200 

.00500000 



RECIPROCALS 


1157 


Reciprocals OF Numbers from i to 1000 


No. 

Reciprocal 

No. . 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 


.00407512 

251 

.00398406 

30X 

.00332226 

351 

.00284900 


.00495049 

252 

.00396825 

302 

,00331126 

352 

.00284091 


.00492611 

253 

.00395257 

303 

.00330033 

353 

.00283286 


.00490196 

254 

.00393701 

304 

.00328947 

354 

.00282486 


.00487805 

255 

.00392157 

305 

.00327869 

355 

.00281690 


.00485437 

256 

,00390625 

306 

.00326797 

356 

.00280899 


.00483092 

257 

.00389105 

307 

.00325733 

357 

.00280112 


.00480769 

258 

.00387597 

308 

.00324675 

358 

.00279330 


.00478469 

259 

.00386100 

309 

.00323625 

350 

.00278SSX 

■210 

.00476190 

260 

.00384615 

310 

.00322581 

360 

.00277778 


.00473934 

261 

.00383142 

311 

.00321543 

361 

.00277008 


.0047169S 

262 

.03381679 

3x2 

.00320513 

362 

.00276243 


.00469484 

263 

.00380228 

3x3 

.00319489 

363 

,00275482 


.00467290 

264 

.00378788 

3x4 

.00318471 

364 

.00274725 

211^ 

.00465116 

26s 

.00377358 

3 X 5 

.00317460 

355 

.00273973 

216 

.00462963 

266 

.00375940 

316 

1 .00316456 

366 

.00273224 

217 

.00460829 

267 

.00374532 

3x7 

.00315457 


.00272480 

218 

.00458716 

268 

.00373134 

318 

.00314465 

368 

.00271739 

210 

.00456621 

269 

.00371747 

3x9 

.00313480 

369 

.0027x003 

220 

.00454545 

270 

.00370370 

320 

.00312500 

370 

.00270270 

221 

.00452489 

271 

.00369004 

321 

.00311526 

371 

.00269542 

222 

.00450450 

272 

.00367647 

322 

.00310559 

372 

.00268817 

223 1 

.00448430 

273 

,00366300 

323 

.00309597 

373 

.00268096 

224 1 

.00446429 

274, 1 

.00364963 

324 

.00308642 

374 

.oo267;58o 

225 

.00444444 

27s i 

.00363636 

325 

.00307692 

375 

.00266067 

226 i 

.00442478 

276 ' 

.00362319 

326 

.00306748 

376 

.00265957 

227 

.00440529 

277 

.00361011 

327 

.00305810 

377 

.00265252 

22S 

.00438596 

278 

.00359712 

328 

.00304878 

378 

.00264550 

229 

.00436681 

279 

.00358423 

329 

.00303951 

379 

.00263852 

230 

.00434783 

280 

.00357143 

330 

.00303030 

380 

.00263158 

231 

.00432900 

281 

.00355872 

33 X 

.00302115 

381 

.00262467 

232 

,00431034 

282 

.00354610 

332 

,00301205 

382 

,00261780 

233 

.00429184 

283 

•00353357 

333 

.00300300 

383 

.00261097 

234 

.00427350 

284 

.00352113 

334 

.00299401 

384 

.00260417 

23s 

.00425532 

285 

.00350877 

335 

.00298507 

38s 

.00259740 

236 

,00423729 

286 

.00349650 

336 

.00297619 

386 

.00259067 

237 

.00421941 

287 

.00348432 

337 

.00296736 

387 

.00258398 

23S 

.00420108 

288 

,00347222 

338 

,00295858 

388 

.00257732 

239 

.00418410 

289 

.00346021 

339 

.00294985 

389 

.00257069 

240 

.00416067 

290 

,00344828 

340 

.00294118 

390 

.00256410 

241 

.00414938 

291 

.00343643 

341 

,00293255 

391 

.00255754 

242 

.00413223 

292 

.00342466 

342 

.00292398 

392 

.00255x02 

243 

.00411523 

293 

,00341297 

343 

,00291545 

393 

,00254453 

244 

.00409836 

294 

.00340136 

344 

.00290698 

394 

.00253807 

245 

.00408163 

29s 

.00338983 

345 

.00289855 

395 

.00253165 

246 

.00406504 

296 

.00337838 

346 

.00289017 

396 

.00252525 

247 

.00404858 

297 

.00336700 

347 

.00288184 

397 

.00251889 

248 

.00403226 

298 

.00335570 

348 

.00287356 

398 

.00251256 

249 

,00401606 

299 

.00334448 

349 

.00286533 

399 

,00250627 

250 

.00400000 

3<30 

.00333333 

350 

.00285714 

400 

.00250000 




I I S8 GENERAL REFERENCE TABLES 

REdPEOCAtS OS' NuMBEKS EROM 100 TO 1000 


i '■ 


Reciprocal 

No, 

Reciprocal 

No. 

Reciprocal 

No, 

.00249377 

4 SI 

.00221729 

SOI 

.00199601 

S 5 X 

.00248750 

4 S 2 

.00221239 

502 

.00199203 

552 

.00248139 

4 S 3 

.00220751 

S03 

.00198807 

553 

.00247525 

454 

.00220264 

504 

.00198413 

554 

,00246914 

4 SS 

.00219780 

505 

.00198020 

555 

.00246305 

456 

.00319298 

506 

.Q0197628 

SSO 

.00245700 

457 

.00218818 

S07 

.00197239 

557 

.00245098 

458 

.00218341 

508 

.00196850 

SS8 

.00244499 

459 

,00217865 

509 

.00196464 

559 

.00243902 

460 

,00217391 

Sio 

.00196078 

560 

.00243309 

461 

.00216920 

Sn 

.00195695 

S6i 

.00242718 

462 

.00216450 

512 

.00195312 

562 

.00242131 

463 

.00215983 

S13 

.00194932 

563 

.00241546 

464 

.00215517 

S14 

.00194552 

564 

.00240904 

46s 

.00215054 

SIS 

.00194x75 

S6S 

.00240385 

466 

.00214592 

' SI6' 

.00193798 

566 

.00239808 

467 

.00214133 

SI7 

.00193424 

567 

.00239234 

468 

.<X )213675 

SI8 

.00193050 

S68 

.00238663 

469 

.00213220 

S19 

.00192678 

569 

.0023S095 

470 

.00212766 

520 

.00192308 

570 

.00237530 

471 

.00212^4 

521 

,00191939 

571 

.00236967 

472 

.00211864 

522 

.00191571 

572 

.00236407 

473 

.00211416 

523 

.00191205 

573 

.00235849 

474 1 

.00210970 

S24"';' 

.00190840 

574 

.00235294 

47 S 

.00210526 

S2S 

.00190476 

575 

-00234742 

476 

.00210084 

526 

.00190114 

576 

.00234192 

477 

.00269644 

527 

.00189753 

577 

.0023364s 

478 

.00209205 

528 

.00189394 

578 

.00233100 

479 

.00208768 

529 

.00180036 

S 79 

.00232558 

480 

.00208333 

530 

.00188679 

S8o 

.00232019 

481 

,00207900 

S 3 I 

.00188324 

581 

.00231481 

482 

.00207469 

532 ^': 

,00187970 

582 

.0023094.7 

483 

.00207039 

S 33 

.00187617 

5S3 

.00230415 

484 

^00206612 

S 34 

.00187266 

584 

.00229885 

48s 

.00206186 

535 

.00186916 

58s 

.00229358 1 

486 

.00205761 

536 

.00186567 

580 

.00228833 

487 

.00205330 

537 

".00186220 

! ' ■ 587 

.00228310 

488 

.00204918 

538 

.00185874 1 

' S88 

.00227790 

489 

.00204499 

538 

.00185528 . 

I 589 

.00227273 

490 

.00204082 

540 

,00185185 

590 

.00226757 

49 X 

,00203666 

541 

.00184843 

S 9 I 

.00226244 

492 

.00203252 

542 

.00184502 ] 

592 

.00225734 

493 

.00202840 

543 

.001S4162 j 

593 

,00225225 

494 

.00202429 

544 

.00183823 i 

594 

.00224719 

495 

.00202020 

545 ■ 

.00183486 

595 

.00224215 

496 

.00201613 

546 

.00183150 

596 

.00223714 

497 

.00201207 

547 

.00182815 

597 

.00223214 

498 

.00200803 

548 

.00182482 

598 

.00222717 

499 

.00200401 

549 

.00182149 

599 

.00222222 

500 

.00200000 

SSO 

.00181818 

600 


.00181488 

.00181159 

.00180832 

.00180505 

.00180180 

.00179856 

.00179533 

.00179211 

.00178891 

,00178571 

.00178253 

.00177936 

.00177620 

.00177305 

.00176991 

.00176678 

.00176367 

.00176056 

•OOI7S747 

.00175439 

.00175131 

.00174825 

.00174520 

.00174216 

.00173013 

.00173611 

.00173310 

.00173010 

.00172712 

.00172414 

.00172117 

.00171821 

.00171527 

.00171233 

.00170940 

.00170648 

.00170358 

.00170068 

.00169779 

.00169491 

.00169205 

.00168919 

.00168634 

.00168350 

.00168067 

.00167785 

.00167504 

,00167224 

.00166945 

.00166667 




RECIPROCALS 


IIS9 


Reciprocals OF Numbers from x to iooo 


No. 

Reciprocal 

No. 

Reciprocal 

No.,, 

Reciprocal 

No. 

Reciprocal 

6oi 

.00166389 

6si 

.00113610 

701 

.00142653 

751 

.00133156 

602 

.00166113 

652 

.00153374 

702 

.00142450 

752 

.00132979 

603 • 

.00165837 

653 

.00153140 

703 

.00142247 

753 

.00132802 

do4 

.00165563 

654 

.00152905 

704 

.0014 204S 

754 

.00132626 

60s 

.00165289 

6SS 

.00152672 

70s 

.00141844 

755 

.00132450 

606 

.00165016 

656 

.00152439 

706 

,00141643 

756 

.00132275 

607 

.00164745 

6 S 7 

.00152207 

707 

.00141443 

757 

.00132100 

608 

.00164474 

658 

.00151975 

708 

.00141243 

758 

.00131926 

609 

1 .00164204 

6 S 9 

.00151745 

709 

,00141044 

759 

.00131752 

6j:o 

.00163934 

660 

.00151515 

710 

.0014084s 

760 

.00131579 

611 

.00163666 

661 

.00151286 

711 

.00140647 

761 

.00131406 

612 

.001:63399 

662 

.00151057 

712 

.00140449 

762 

.00131234 

613 

,00163132 

663 

.00150830 

713 

.00140252 

763 

.00131062 

614 

.00162866 

664 

.00150602 

714 

.00140056 

764 

.00130890 

615 

,00162602 

665 

.00150376 

71S 

.00139860 

76s 

.00130719 

616 

.00162338 

666 

.00150150 

716 

.00139665 

766 

.00130548 

617 

,0016207s 

667 

.00149925 

717 

.00139470 

767 

.00130378 

618 

.00161812 

668 

.00149701 

718 

.00139276 

768 

.00130208 

619 

.00161551 

669 

.00149477 

719 

.00139082 

769 

,00130039 

620 

.00161290 

670 

.00149254 

720 

.00138889 

770 

.00129870 

621 

.00161031 

671 

.00149031 

721 

.00138696 

771 

.00129702 

622 

.00160772 

672 

.00148809 

722 

.00138504 

772 

.00129534 

623 

.00160514 

673 

.00148588 

723 

.00138313 

773 

.00129366 

624 

.00160256 

674 

.00148368 

724 

.00138121 

774 

.00129199 

625 

.00160000 

675 

.00148148 

72s 

.00137931 

775 

.00129032 

626 

.00159744 

676 

.00147929 

726 

.00137741 

776 

.0012S866 

627 

.00159490 

677 

.00147710 

727 

.00137552 

777 

.00128700 

628 

.00159236 

678 

.00147493 

728 

.00137363 

778 

, .00128535 

629 ! 

.00158982 


.00147275 

729 

.00137174 

779 

.00128370 

630 

.00158730 

680 

.00147059 

730 

.00136986 

780 

.00128205 

631 

.00158479 

681 

.00146843 

731 

.00136799 

781 

.00128041 

632 

.00158228 

682 

.00146628 

732 ' 

.00136612 

782 

.00127877 

633 

.00157978 

683 1 

.00146413 

733 

.00136426 

783 

.00127714 

634 

.00157729 

684 

.00146199 

734 

.00136240 

784 i 

,00127551 

63s 

.00157480 


.00145985 

735 

.00136054 

78s ! 

.00127388 

636 

,00157233 

686 

.00145773 

736 

.00135870 

786 

.00127226 

637 

.00156986 


.00145560 

737 

.00135685 

787 1 

.00127065 

638 

.00156740 

688 

.00145349 

738 

.00135501 

788 

.00126904 

639 

.00156494 

689 

,00145137 

739 

.00135318 

789 

.00126743 

640 

.00156250 

690 

.00144927 

740 

.00135135 

790 

.00126582 

641 

.00156006 

691 

.00144718 

741 

.00134953 

791 

.00126422 

642 

,00155763 

692 

,00144509 

742 

.00134771 

792 

.00126263 

643 

.00155521 

693 

,00144300 

743 

.00134589 

793 

.00126103 

644 

,00155279 

694 

.00144092 

744 

.00134409 

794 

,00125945 

64s 

.00155039 

69s 

.00143885 

745 

,00134228 

795 

.00125786 

646 

.00154799 

696 

.00143678 

746 

.00134048 

796 

.00125628 

647 

.00154559 

697 

.00143472 

747 

.00133869 

, 797 

.00125470 

648 

.00154321 

698 

.00143266 

748 

.00133690 

798 

.00125313 

649 

.00154083 

699 

.00143061 

749 

.00133511 

799 

.00125156 

6so 

.00153846 

700 

.00142857 

7 SO 

.00133333 ! 

800 

•00125000 




ii6o 


GENERAL REFERENCB TABLES 


REcrPROCALs OP Numbers prom i to iooo 




SECTION XXV 


AUTOMOTIVE DATA 

Considerable information relating to automotive practice wiU be 
found in other sections, as it seems best to put S.A.E. threads, bolts, 
nuts, splined and serrated shafts, steels, etc., with other data on the 
same subject. Some of this was formerly given in this section but 
has been placed elsewhere with similar data to make it more easily 
available to all. This section is entirely automotive material 
although it by no means represents all the information on auto- 
motive subjects. 

AUTOMOBILE ENGINE PISTONS 
Muminum Alloy 

This simply outlines general shop products as a guide in making 
replacement parts. Definite clearances used by automobile makers 
are given later. 

The main advantage of the aluminum or other light-alloy piston 
lies in its light weight, which is approximately half that of cast iron, 
on the average. The head conducts heat more rapidly than cast 
iron, but the metal is not so good for a wearing surface. Ford 
uses a very light steel-alloy piston. 

Clearance. — Many aluminum pistons have the skirt split at a 
slight angle to allow for expansion; the angle prevents leaving a 
ridge in the cylinder. The clearance is about the same as for cast 
iron, 0.00 1 inch per inch of cylinder diameter, for water-cooled 
engines. The clearance of the top land is 0.005 ii^ch, the second 
and third, 0,003 0.004 ii^ch per inch of diameter. 

Ring Fits."— The clearance recommended for the piston rings in 
the groove is from 0.001 to 0.0015 inch. This can be measured with 
a feeler. ^ The gap in the ring is the same as for cast-iron pistons. 

Machining. — Aluminum pistons are usually rough turned with- 
out lubricant at from 400 to 500 surface feet per minute. A cut 
^ inch deep and a feed of 0.025 inch per revolution are good 
practice. The tool should be keen and have about 15-degree top 
rake, about the same side clearance, and 5-degree face clearance 
with a slightly rounded corner. Diamonds are sometimes used in 
finishing. 

Gmoves are cut with a parting tool as close to the tool post as 
possible and with plenty of side clearance. Top rake is about 15 
degrees, and front clearance about 5 degrees. For roughing the 
grooves, run at 300 feet per minute, and leave 0.005 inch on each 
side for finishing. Stone the tool carefully, and run at 500 feet per 
minute. 



1161 


1 162 


AUTOMOTIVE DATA 



Standard Oversize Pistons and Rings 


Piston-Pin Holes.— Piston- or wrist-pin holes should be bored 
with from 0.003 to 0.005 inch left for reaming. 

Grinding is recommended for finishing, a 40-crystolon wheel or 
its equivalent being used with a lubricant of one part kerosene and 
two parts mineral lard oil. If finished with a tool, use 500 feet per 
minute and 0.010- to o.ors-inch feed per revolution with tool point 
flat enough to cover feed. 

Gap or Clearance between Ends.— Piston rings should clear the 
cylinder bore and ha ve a proper gap between the ends. It is better 
to have gaps too large than too small. Rings having an angle cut 
should have o.oo2~inch gap per inch of diameter for the top ring, 
half this for the second ring, and about 0.00075 inch per inch of 
diameter for the third ring. Some fit the lower rings and rings in 
the skirt with ends touching, but a slight gap is more common 
practice. 

With rings having a step cut instead of an angle cut, a greater 
gap between the ends is permissible, as the ends lap by each other. 

For air-cooled motors some recommend about double the gap 
clearance given above. 


Clearance in Cylinder Bore.— A clearance of 0.001 inch for each 
inch of cylinder diameter may be called standard practice for piston 
skirts. For taxi, truck and tractor motors many recommend an 
extra 0.001 inch on the total, that is, a 4-inch piston should have a 
clearance of 0.004 phis an extra 0.001 or 0.005 inch total clearance. 
Some air-cooled motors require a little more clearance. 

The clearance refers to the diameter of the skirt of the piston 
below the lowest ring in the head. The ‘‘lands ” between the rings 
are smaller in diameter because of the greater heat and expansion 
due to the piston head. The top land should have 0.0035 inch 
clearance per inch of diameter, while the second land should have a 
clearance of 0.002 inch per inch of diameter. 

If feelers are used to measure the clearance between the piston 
and cylinder wall, instead of inside and outside micrometers, an 
allowance must be made for the stiffness of the feeler or its resist- 
ance to bending. It is recommended that 0.001 inch be allowed for 
this, that is, if a feeler 0.002 inch goes in, the real clearance is 0.001 
greater or 0.003 inch. 


Standard oversize pistons and rings are recommended by makers 
of passenger car, truck, motorboat, tractor, industrial, and airplane 
engines. These are oversizes of 0.003, 0,005, 0.010, 0.015, 0.030 

inch. Some tractor and other heavy-duty engines also suggest 
0.040 inch. If larger sizes are considered necessary, they are to 
be held in multiples of 0.010 inch. 

Piston rings are held to the same oversizes except that the 0,003 
inch is omitted. 
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Fixs AND Cdearanges OP Pratt & Whitney Aircraet Engines 

Wasp H- 1 and Hornet E 


Description of Clearance 

Mini- 

mum 

Maxi- 

mum 

Replacement 

Pin, knuckle- — insert, knuckle pin. . .... 

o.ooosT 

0.002T 

0 . 004 

Shaft, propeller-bearing, bronze 

0.003L 

o.oosL 

0.006 

Tappet — roller, tappet (side clearance). 

0 . 008L 

0.020L 


Tappet — ^guide, tappet 

Piston and cylinder clearance — Wasp 

Light hand push 

0 , 003 fit at 
room temp. 

H-i 

piston and cylinder clearance — Hornet 

0 . 020L 

0 . 024L 

0.030 

E... 

0 . 028L 

0.032L 

0 . 038 

Link rod— bushing, piston pm 

o.ooisT 

o,oo4sT 


Piston pin and piston 

Light hand push 

1 

0 . 003 fit at 
room temp. 

Bearing, master rod — master rod 

o.ooisT 

0.003ST 


Crankpin — bearing, master rod hornet. 

0 . oosL 

0 . oossL 

0.0075 

Crankpin — ^bearing, master rod wasp.. 
Master rod bearing and crankshaft — 

0 . 004sL 

0. oosL 

0 . 007 S 

end clearance. 

0.010 

0.014 

0.020 

Master rod and link rod — end clearance. 

0 . 006L 

0.008L 

0.014 

Pin, knuckle — master rod. 

0.0007T 

0.0015T 

He- 

Pin, knuckle— bushing, link rod 

' 0.0015L 

0.002SL 

0 . 004 

Link rod — bushing, link rod 

Bearing, rear main — liner, crankcase 

1 o.ooisT 

o,oo4sT 

* 

rear 'main. 

0.0002L 

0.0017L 

0.004 

Bearing,' roller — ^hub, bell gear 

0.0012T 

0 . 000 

Bearing, rear main — crankshaft 

0.0012T 

0,0002L I 

o.oor 

Impeller— blower. 

0.02SL 

o.ossL 

0.045 

Generator drive, backlash 

0.004 

0.012 

Cup, valve rocker-^rocker, valve 

0 . 000 

0.0025T 

He 

Pin, tappet roller — ^tappet. .......... . 

0.000 1 

0.002L 

0.003 

Roller, tappet — pin, tappet roller 

Bushing, valve rocker shaft — head. 

o.ooosL 

0.002SL 

0 . 004 

cylinder (large end) 

Cylinder barrel* — max. taper or out of 

round 

Rear bearing, int. shaft — -outer liner. 

o.ooiT 

0 . 004T 

H«' ■ 

0.006 

rear bearing 

Rear bearing, int. shaft— inner liner, 

0.0008L 

0 . 00 2L 

0.002 

rear bearing, ... 

Shaft, inter. — inner liner, int. shaft rear 

o.ooosT 

0 . 0002L 

0.001 

bearing 

Front bearing, int. shaft — bearing 

0.0005T 

0 . ooosL 

0.002 

support. .... 

0.0000 

0 . ooopL 

O.OOIS 

Front bearing, int. shaft — shaft, int ... . 
Crankshaft — hub, bell gear O.D. . ^ . 

0.0004T 

0.0002L 

0.001 

0.003L 

o.oisL 


Crankshaft— hub, bell gear I.D 

o.ossL 

0.069L 


Crankshaft — hub, bell gear W.D 

0. oojsL 

o.ooosT 


Hub, pinion— shaft propeller O.D ..... . 

0.003L 

o.oisL 


Hub, pinion — shaft propeller I.D 

o.oossL 

0. 0049L 


Hub, pinion- — shaft propeller W.D. ... . 

o.ooiL 

o.ooosT 


Gear, pinion backlash. 

0 . oq6 

0.012 

0.018 

Pinion gear— end clearance . . ......... 

0.010 

0.016 

0.020 

Bearing, bronze— crankshaft. ......... 

0.002T 

0.004T 

He 

Bearing support— crankcase, main. . . . . 

0.003T 

o.ooiL 


Gear, pinion— bushing, pinion red. gear . 

0 . 00 iT 

0.002ST 



Note. — These are average service fits recommended by the makers. The 
letters L and T mean loose and tight by the amounts shown. 




^^^^4 automotive DATA 


Pistons* Clearaistces in Automobile Engines 


Top land. . 

Bottom of skirt ! . . 

Piston rings-— average gap . 
Piston pin. . ............. 

Connecting rod: 

Crankpin bearing 

Side play. 

Cranlcshaft, main bearings, 

Valve stem in guide 

Valve-tappet clearance: 

Intake. _ 

Exhaust 


Inches 

. 0.0165 to 0.026 

• 0-0005100.0027 

. 0.010 to 0.014 
. O.OOOI to 0.0005 

. 0.0010 to 0.0020 
. 0.0050100.0157 
. 0.0010 to 0.0030 

• 0.0015 to 0.0025 

0.006 to 0.015 bot 
0.008 to 0.016 hot 


Fits and Tolerance 
Ford 85 Horse-Power Engine 


Cylinder block bore . 

Piston diameter 

Fit ^ 

Main bearing insert diameter 

Main bearing diameter .... ■ 

Fit ! 

Connecting-rod bearing bore. 

Connecting-rod insert (outside diameter) . . . . ! ’ . 

Fit. 

Piston wrist-pin bore. . 

Wrist-pin. 

Fit. 

Connecting-rod wrist-pin bore 

Wrist pin. 

Fit. ; 

Piston ring, first groove width. ............... 

Piston ring, compression width. ... 

Fit. 

Piston ring, second groove width. . . ! y. ! ! 

Piston ring, compression width . 

Fit. - 

Piston ring, oil-groove width. . . . . . ! ^ ’ 

Piston ring, oil width. ......... . 

Fit. ........ . _ .... 

Connecting-rod insert, inside diameter . . 
Connecting-rod crankshaft bearing. 

Fit 

Total clearance between connecting-rod bearing 
bore and crankshaft bearing. ......... 


Inches 

3.0625 to 3.0635 
3.062 to 3.060 
0.0005 to 0,0035 
2.399 to 2.4005 
2.399 to 2.398 
0.000 to 0.0025 
2.2195 to 2.2200 
2.218 to 2.217 
0.0015 to 0.0030 
0.7503 to 0.7506 
0.7504 to 0.7501 
o . 0003 to o . 0009 
0.7503 to 0.7506 
0.7504 to 0,7501 
0,0001 to 0.0005 
0.0940 to 0.0950 
0.0920 to 0.0915 
0.0020 to 0.0035 
0.0935 to 0.0945 
0.0920 to 0.0915 
0.0015 to 0.0030 
0.1365 to 0.157s 
0.1550 to o. 1545 
0.0005 to 0.0030 

1.998 to 1,999s 

1.999 to 1.998 
0.001 to 0.0015 
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Fits and Tolerance tor Lincoln Zephyr Engine 

■ ■ . Inches 

Main bearing. 0.0015 to 0.0035 loose 

Grankpins. 0,0015 to 0.0030 loose 

Gam bearings.. 0.0015 to 0.0030 loose 

Tappet in cylinders. 0.0005 to 0.0015 loose 

Valve in guide o . 001 5 to o . 0035 loose 

Wrist pins in connecting rods. 0.0005 to 0.0001 tight 

Wrist pins in piston o . 0003 to o . 0009 loose 

Piston in cylinder-cylinder bore 2.750 diameter 

Pistons are machined in sizes varying by 0.0005 iiich and selected 
for the cylinder bore. Each piston must require 5 to 8 pounds pull 
in its cylinder with a 0.002-inch shim between piston and cylinder 
wall. 



SECTION XXVI 

RAILROAD SHOP DATA 

staitoard classification of repairs 

TO LOCOMOTIVES AND TENDERS 

I, 1918, BY Ali, Carriers 
B^OR Reporting Repairs to Locomotives Made 
AT Their Various Shops 
AND Roundhouses 

Since nearly all railroad shop work is the repairinff of motive 
power and rolEng stock it is of interest to know just how S 
repairs are classified. The designation of locomotive repairs as 
outlined by the {jnited States Railroad Administration in^ioiS is 
still followed. There are five classes of repairs as follows^ 

Class 1 


Flues new or reset. 


New boiler or new back end. 

Tires turned, or new. 

General repairs to machinery and tender. 

Class 2 ^ 

£s^nlw°or 
Tires turned or new. 

General repairs to machinery and tender. 

Class 3 

Flues all new or reset (superheater flues may be exceotedl 
Necessary repairs to firebox and boiler. exceptea;. 

Tires turned or new. 

General repairs to machinery and tender. 

Class 4 

Flues part or full set. 

Ljjght repairs to boiler or firebox. 

Tires turned or new. 

Necessary repairs to machinery and tender. 

Class s 

Tires turned or new. 

Runmng repairs unclassified. 

on am of Saint 
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Suffix B will show the initial application of stoker. 

Suffix C wilUndicate the initial application of superheater. 

Suffix D will indicate the initial application of outside- valve gear. 

Suffix E will indicate locomotive was converted from compound to simple, 

01 from one type to another. ^ , 

Mallet locomotives will be indicated by a star following classification. 

Locomotives receiving class 2, or 3 repairs must be put in condition 
to perform a full term of service in the district and class of service in which 
they are to be used. ^ 

Locomotives receiving class 4 repairs must be put in condition to perform 
not less than one-half term of service in the district and class of service in 
which they are to be used. 

Locomotives receiving class s repairs must be put in condition to perform 
not less than one-fourth term of service in the district and class of service in 
wldch they are to be used. 

Much information that can be applied to railroad work will be 
found in nearly every section of this handbook, and it seems best to 
put only that which pertains directly to railroads in this section. 

BORING AJTO TURNING TIRES 

Tire turning and boring vary on different railroads. Much of 
this difference is due to the equipment. Tire steel is very hard, 
and only machines that are rigid and powerful can cut it at high 
speeds. A few examples of tire boring and turning from several 
well-known shops are given in Tables i and 2. By the use of 
modern boring mills and special tools, one road rough-bores tires 
at 292 and finishes at 320 feet per minute. Tire turning is much 
slower because of the way in which mounted tires are held and 
driven. 


Table i. —Condensed Tire Boring Tool Data 


Size of 
Tool Body, 
in Inches 

Top 
Rake of 
Tool, in 
Degrees 

i' ' 

Clearance 
at Point, 
in Degrees 

Cutting Speed, Feet 
per Minute 

Feed per 
Revolution 

Rough- 

ing 

Finishing 

Rough- 

ing 

Finishing 

li X li 

; 8 ■ 

6 

25 

25 

i 

i 

xi X li 


10 

xs 

XS 

i 

i 

I X 

6 \ 

6 

14 

12 

i 

i 

li X xi 

18 1 

.5 ,, 

23 

23 



i| X li 

8-10 

^ ■, 7 

40 

40 

i 

1 

I X 2 

.5 ^ i 

7 

55 

SO 

i 

I 

I X I 

■■ IS . 1 

6 i 

28 

28 

tV 

iV 

li X 3 

6 

4 

30 

30 

tV 


li X li 

:2 

: 7, . 

30 

30 

i 

t 


Compare the top rake, side clearance, speeds, and feeds to appre- 
ciate the extreme variations. 

Typical tire boring and turning tools are shown in Figs, i and 2. 
The speeds and feeds are shown in the tables. On modern wheel 
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Table 2 .—Tire Turning Data 


Size of Tool 
Body in Inches 

Top Rake 
of Tool, 
Degrees 

Clearance 
at Point, 
Degrees 

Cutting Speed 

Feet per Minute 

_Feedper 
-Revolution 
in Inches, 
Roughing 

Roughing 

Finishing 

2J X 2J 

S 

si 

17 

17 

3 

■§■ 

2 X 3 

12 

15 

i6“-i8 

18 

, i . 

11X3 

2 

4 

II 

II 

iX| 

X 3 

8 

6 

16 

12 

i 

li X 3 

5 

5 

X 5 

IS 

1 

i 4 X 4 

2 

7 

SO 

45 

■"I..",' 

4X3 

12 

6 

15 

10 

A 

i 4 X 3 

2 

5 

15 

17 

. t 


lathes a roughing feed of | inch is common, the finish being done 
with form tools as shown. Figure 2 shows the tools used by a 



Fig. I.-— Tire Boring Tools 


prominent railroad, which conform with the standards of the 
Association of American Railroads, formerly the Railway Master 
Mechanics. The form tools must be made in pairs, for right and 
left wheels. Both flanges can be roughed with the same tool, but 
two tools are used in finishing the tread, one for the flange and the 
other for rounding the outer edge. Two finishing tools are shown. 

General Instructions for Shimming Locomotive Wheel Centers 

The miniraum diameter for a driving-wheel center is usually at dimension 
A, and the maximum diameter at dimension B, Fig. 3. 

Wheel centers that are J inch or less in diameter out of round may be 
corrected by the use of shims which are furnished in thicknesses of A, A* 
and -h inch. 

Not more than two thicknesses of shims may be used, and when two are 
required, one must extend entirely around the wheel center. Shims equal 
in length to one-quarter of the wheel center circumference may be apjuied 
at locations XF or LM, or both, to compensate for the amount the wheels 
are out of round. ' 




clearance on ifronf'^^ 
'cle&rotnce onsides^ 
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Gating pomf 


Normaf 

flange 


U.^.- -■--4g'horma/treac^’^ 
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Fig. 4.-For Engine and Tender Trucks, Trailers, and Flanged 
Locomotive Driving Tires ^ “■ngeu 
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Retamine Ring Fasten inq FfG.D Measuring 

Fir > w AH Steel Wheel ///7e 

Fig. s—Wear AUowances of Different Types of Steel Tires; as 
Revised m 1923 and 1937 


FIG.C /fm 
, Steel Tire , 
Retaining Ring Fastening 
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Driving-wheel centers that are more than f inch diameter out of round are 
to be built up and trued. 

Driving-wheel centers that are more than | inch diameter less than normal 
when measured on their longest diameter, are to be built up and turned to 
normal diameter. 

Truck-wheel centers are rarely out of round, but when such a condition is 
to exist, the above limitations and instructions for driving-wheel centers are 
to be followed. 

Truck- wheel centers that are more than i inch diameter less than normal 
are to be built up and turned to normal diameter. 
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Chart for Turning Piston Rods, 
Cranlc-pim or Axles. Diaraeters are 
given at the left. Revolutions per 
minute at the bottom— surface speed of 
work shown by curved lines. Example 
—How fast must a 10-in. crank-pin 
revolve to' give a cutting speed of 
40 ft per min. Follow horizontal line 
from 10 in. to curve marked 40. Fol- 
low vertical line from intersection 
with curve and get 15 r.p.m. at bottom. 
Reverse this to find cutting speed 
when r.p.m. is known. 
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Fig. S.—Chart for Turning Crankpins, Axles, Etc. 


Multiples of tke cutting speeds shown in Fig. 8 can be easily 
used if necessary. A lo-inch pin, for example, must run 30 revolu- 
tions per minute to give 80 feet cutting speed. 

Charts giving necessary revolutions per minute to secure the 
desired cutting speeds are shown in Figs. 7 and 8, 
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Table 3.' — Minimum Thickness for Driving-Wheel and Trailee 
Tires on Standard and Narrow-Gage Locomotives 


Weight per Axle 
(Weight on Drivers Divided by 
Number of Pairs of 
Driving Wheels) 

Diameter of 
Wheel Center 
in Inches 

Minimum Thickness, 
Service Limits in Inches 

Road 

Service 

Switching 

Service 

30,000 pounds and under 

44 and under 
Over 44 to so 


If 


I A 


Over so to 56 

li 

If 


Over 56 to 62 
Over 62 to 68 
Over 68 to 74 
Over 74 

If 

liV 

Over 30,000 to 35,000 pounds. . . 

44 and under 

lA 

I 

Over 44 to so 

If 

Tf 


Over so to 56 


I 


Over 56 to 62 
Over 62 to 68 
Over 68 to 74 
Over 74 

li 

I* 

If 

if 

Over 35,000 to 40,000 pounds. . . 

44 and under 
(Jver 44 to 50 

If 

If 


I 

I ^ 


Over so to 56 

If 

If 


Over 56 to 62 
Over 62 to 68 
Over 68 to 74 
Over 74 

If 

ifi 

If 

I A 

Over 40,000 to 45,000 pounds. . . 

44 and under 



Over 44 to so 

If 

If 


Over 50 to s6 

I* 

I 


Over 56 to 62 
Over 62 to 68 
Over 68 to 74 
Over 74 

If 

ill 

If 

Over 45,000 to 50,000 pounds. . . 

44 and under 
Over 44 to so 

If 

If 

i^ 

I 


Over so to 56 

If 

If 


Over 56 to 62 
Over 62 to 68 
Over 68 to 74 
Over 74 

It 

Ilk 

Over 50,000 to 55.000 pounds. . . 

44 and under 
Over 44 to so 

ife 

I A 

If 

if 


Over 50 to s6 

Iff 

1 1 % 


Over 56 to 62 
Over 62 to 68 
Over 68 to 74 
Over 74 

If 

7 if 

Ilf 

If 

Over 55,000 pounds 

44 and under 
Over 44 to 50 

If 

if 

Iff 

i'^ 


Over so to s6 

if 

If 


Over s6 to 62 
Over 62 to 68 
Over 68 to 74 
Over 74 

W 

Iff 

z 

Iff 




'I 


I 

I 



Interstate Commerce Commission. 
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Table 5 , — Trailing- Wheel Tires 


Flange Tires, 
in Inches 

'•■ ' . 1 

Diameter of Tires, in 
Inches 

Diam- 
eter of 
Wheel 
Center, 
in 

Inches 

Shrink- 
age Al- 
low- 
ance, 
in 

Inches 

Length of 
Shims 

No. 

Width 

Outside 

Rough 

Inside 

Rough 

Inside 

Fin- 

ished 

Short, 

in 

Inches 

Pull, 
Ft. In. 

4 

per 

Si 

31 

24 11 

24-974 

2S 

0.026 

I9l 

6 6 i 

cab 









4 

per 

Si 

34 

27 il 

27.971 

28 

0.029 

22 

7 3li 

cab 



3Si| 






2 

si 

42 

35.962 

36 

0.038 

28i 

9 S A 

2 

si 

S6 

49 H 

49.944 

SO 

0.056 

33i 

13 I it 

' 2 

A 

si 

42 

3 S H- 

35.962 

36 

0.038 

281 

9 SA 

2 

si 

43, 

3 S H 

35.962 

36 

0.038 

28i 

9 S A 

2 

Si 


24 -A 

i 24.22s 

24i 

0.02525 

19 fir 

6 4 i 

2 

•Si 

44 

37 ^ 

' 37.960 

38 

0 . 040 

29I 

9 Ilf 


Table 6. — ^Truck-Wheel Tires 


Flange Tires, 
in Inches 

Diameter of Tires, in 
Inches 

Diam. 

of 

Wheel 

Center, 

in 

Inches 

Shrink- 
age Al- 
low- 
ance, 
in 

Inches 

Length of 
Shims 

No., 

Width 

Out- 

side 

Rough 

1 Inside 
Rough 

Inside 

Fin- 

ished 

Short, 

in 

Inches 

Pull, 
Ft. In. 

4 

Si 

34 

27 li 

27.971 

28 

.029 

22 

7 3 li 

4 

2 

Si 

36 

27 11 

27.971 

28 

.029 

23 

7 3 il 

2 

si 

31 

24 If 

24.974 

25 

.026 

I 9 l 

6 6 i 

4 

Si 

34 

27 H 

27.971 

28 

.029 

■,,.22 ■■ 

7 3 ^ 

4 

Si 

28 

21 

21.977 

22 

. 023 

I 7 i 

5 9 fi 5 : 

4 '' i 

si 

31 

24 H 

24.974 

■■ 25 ■ 1 

.026 I 

I 9 l 

6 6 i 

2 

Si 

3 ii 

241V 

24.22s 

24 i ; 

.02525 

I 9 i^ 

6 4 i 

2 

Si 

3 ii 

24.it 

24.225 

24 f 

.02535 

19 fir 

6 4 f 

2 

si 

3 ii 

24 is 

24.225 

24! 

.62525 

I 9 fi& 

6 4 i 


Heating Tires for Shrinking on Wheel Centers 

Tires, when heated for application to or removal from wheel 
centerSj should be heated slowly and uniformly around their entire 
circumference, and the heat applied indirectly so as to avoid the 
impingement of flames against the surface of the tires. A tempera- 
ture of 500 to 6oo°F. is sufficient for tires of any size, and in no 
case should tires be heated hotter than 8oo®F,, which is somewhat 
below the lowest visible red heat. Before placing tires on wheel 
centers, the bore must be clean and free from soot, rust, fins, and 
other obstructions. 
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It is considered good practice to true up the treads of locomotive 
driving-wheel tires after they have been applied to wheel centers, 
the work to be done by taking a light cut off the tire in a wheel lathed 
This insures that the treads of all of the tires will be perfectly round 
and concentric with the journals. It 'also eliminates variations in 
diameter of tread between wheels of the same set. 

Marking tires by center punch and chisel marks should not be 
permitted. 


Table 7. — Pressure for Forcing Piston Rons into Piston 
Heads 


Diameter of 
Rod in 
Inches 

Pressure 
in Tons 

1 

Diana, of 
Rod in 
Inches 

Pressure 
in Tons 

Diameter 
of Rod in 
Inches 

Pressure 
in Tons 

' 2I 

30-40 

si 

40-50 

4 i 

SS-6S 

2| 

30-40 

si 

4 S“ 5 S 

4I 

5 S- 6 s 

3 

3 S“ 4 S 

si 

45-55 

4 i 

60-70 



4 

50-60 

5 ■ 

6 S- 7 S 


Pressures must be obtained before tbe collar reaches its seat, and the collar 
must in all cases seat solidly on piston head. The taper is i inch in 
20 inches. American Locomotive Company, 


Standard American Railway Association Wheel-Circumference 
Measure for Cast-Iron Cast-Steel, Wrought-Steel, 
and Steel-Tired Wheels 

Adopted, 1893; Modified, 1919 

Instructions for Using Standard Wheel Circumference Measure for 
Steel, Steel-Tired, and Cast-Iron Wheels 

Place tape about circumference of wheel, having the brackets in 
contact with flange. The normal circumference of wheels of each 
of the different diameters is indicated by the space marked 3. 
Steel and steel- tired wheels should be rejected if the scribed lines on 
the head piece fall to the left of the space marked C or to the 
right of the space marked Cast-iron wheels should be rejected 
if the scribed line on the headpiece falls to the left of the space 
marked i or to the right of the space marked 5. 

The continuous markings on the upper side of the tape may be 
used for mating worn wheels. 

The tape and method of using are shown in Fig. 9. 

PRBSS-FIT PRACTICES 

The two general methods of specifying the fit are by maximum 
pressure necessary to force the parts together, and by the difference 
in diameter between the mating parts. Railroads usually give 
maximum pressure as 6 to 10 tons per inch of diameter for cast-iron 
wheels and 10 to 16 tons for steel wheels- The standard lubricant 
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for press fits is 12 pounds of white lead to i gallon of boiled linseed 
oil between the fitted parts. unseed 

. Lubricant used in^mounting directly affects the pressure reouired 
Good pgine oil and white lead mixed to the consistency of helvv 
paint is used, by some of the best shops. ^ 

_ An objection to ^e maximum-pressure method is the Dractire 
of changing the lubricant if the mounting pressure is too low 
The objection to the measurement method is the possibilitv of 
errors in measurement, the axle or bore of the wheel not bein^ 
round— one or both being taper, and the condition of the matine 
surfaces. These are affected, according to Horger and Nelson of 
the Timken Roller Bearing Company, by the methods of machining 
the number of times the parts have been forced together the 
materials and heat-treatment, length of time after assembly is made 
and the speed with which the fit is made. 

Although there is a trend toward the use of micrometers for 
measuring the bores for axle and crankpins, the caliper swing or 
drag method, is still used in many shops with very accurate results, 
ihis method is' shown on page 723^ One progressive railroad 
forces a hardened steel hob or plug through the bore both for sizing 
the hole and smoothing its surface. ^ The axle is then ground to 
micrometer measurements, which secures excellent results. Tests 
nave shown that the axle is weakened greatly by the wheel mount- 
ing, and this is now partly restored by rolling the axle under very 
great pressure (25,000 pounds per square inch). Since rolling 
does not leave a perfectly round pin or axle, a light grinding cut 

trues it up before mounting the wheel or pin. 

Some roads turn the axles and pins slightly taper on the fit. 
Jthis taper varies from 0.003 to 0.005 inch in the length of the fitl 
One road turns the axle straight but makes the last i| inch of the 
nt 0.005 inch larger than the rest. 

Experience in wheel fits would indicate that, where wheel-center 
hubs are very Leavy, smaller allowance in the fit and lower pres- 
sures are required, because the metal in the bore resists and grins 
harder in the fit. ® ^ 
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Pressures for Mounting Axles and Crankpins 

Table 8 — Minimum and Maximum Pressures 
(In Tons) 


Driving Axles 


Diameter 
Wheel Fit, 
in Inches 

Wheel Centers 

Cast Iron 

Variation 

Steel 

Variation 

4 f 

40 to 49 

9 

64 to 79 

IS 

S 

45 to SS 

10 

72 to 88 

16 

sl 

49 to 60 

II 

79 to 96 

17 

6 

54 to 66 

12 

86 to 105 

19 

6§ 

S8 to 71 

13 

93 to I 14 

21 

7 

63 to 77 

14 

104 to 133 

29 

7i 

67 to 82 

IS i 

112 to 143 

31 

8 

72 to 88 

16 

119 to IS 3 

34 

8 h 

76 to 93 

17 

127 to 162 

3 S 

9 

81 to 99 

18 

135 to 172 

37 

9 i 

8 s to 104 

19 

142 to 181 

39 

10 

90 to I 10 

20 

ISO to 191 

41 

IO§ 

94 to IIS 

21 

157 to 200 

43 

II 

99 to 121 

22 

i 6 s to 210 

4S 

Ilf 

103 to 126 

23 

173 to 220 

47 

12 

108 to 133 

2S 

180 to 229 

49 

I2f 

112 to 138 

26 

188 to 239 

SI 

13, 

1 16 to 143 

27 

195 to 248 

S 3 

I 3 f 

121 to ISO 

29 

203 to 258 

SS 

14 

I 2 S to ISS 

■ 

30 

210 to 267 

S7 


Crankpins 


Diameter 
Wheel Fit, 
in Inches 

Wheel Centers 

Cast Iron 

Variation 

Steel 

3 

13 to 16 

3 

21 to 26 

3 i 

18 to 22 

4 

28 to 35 

4 , 

22 to 27 

S 

36 to 44 

4h 

27 to 33 

6 

43 to S2 

■ S , 

31 to 38 

7 

50 to 61 


36 to 44 

8 

S 7 to 70 

■ 6 . ' 

40 to 49 

9 

64 to 79 


4 S to SS 

10 

72 to 88 

■■■ ■■ : 7 ;' 

49 to 60 

II 

79 to 96 

, 7 i 

S4 to 66 

12 

86 to lOS 

■■ S 

S 8 to 71 

13 

93 to I 14 


63 to 77 

14 

100 to 123 

: ' 9 ^ 

67 to 82 

IS 

108 to 132 

9 f: ■ 

71 to 88 

17 ■ 

IIS to 141 

, ',,10 ■ 

76 to 94 

18 

122 to ISO 

I0§ 

81 to 100 

19 

129 to IS 9 

II 

8s to los 

20 

136 to 168 


Variation 


5 

I 

9 

II 

13 

15 

16 

17 
19 
21 
23 

It 


2 & 

3 C 

32 
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Table 8.— Minimum and Maximum fmssvR-ES— -Continued 


Locomotive Truck Axles 


Diameter 


Wheel Centers 

in Inches 

Cast Iron 

Variation 

Steel 

; Variation 

3i 

i8 to 22 

4 

27 to 33 

6 

4, 

22 to 27 

5 

33 to 40 

7 

4 i 

27 to 33 

6 

40 to 49 

9 

S 

31 to 38 

7 

46 to 57 

II 

Si 

36 to 44 

8 

54 to 66 

12 

6 

40 to 49 

9 

60 to 73 

13 


45 to 55 

10 

67 to 82 

15 

7 

49 to 60 1 

IX 

73 to 90 

17 

lh 

54 to 66 

12 

81 to 99 

18 

8 

58 to 71 i 

13 

88 to 107 : 

19 


63 to 77 i 

14 

95 to 116 

21 

9 

67 to 83 

IS 

lOI to X24 i 

23 

9 i 

72 to 88 

16 

108 to 132 ' 

24 

10 

76 to 93 

17 

115 to 141 i 

26 

loi 

81 to 100 

19 

122 to 150 ! 

28 


Wheel Centers 


TAPERS 
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Craiikpiii Turiimg 

A shop putting in crankpins under heavy pressures states that 
they turn the pins 0.003 inch taper on the fit and make the pin 
0.022 inch oversize at the small end and 0.025 oversize at large end. 
This table shows actual pressures required with pins of diameter 
given. 


Diameter Pin, 
Inches 

Pressure, Tons 

Diameter Pin, 
Inches 

Pressure, Tons 

6 i 

95 


90 

m 

90 


90 


95 


90 

6 f 

90 




TAPER FITS USED IN LOCOMOTIVE WORE 

There are several different tapers used in locomotive work, the 
tapers varying from to inches to the foot. The Santa 
system has adopted the following standards: 

Taper of ^ inch in 12 inches for: 

Bolts for main and side rods. 

Bolts for engine frames. 

Eccentric splice bolts. 

Eccentric crank bolts. 

Long reverse-yoke pin in Baker valve gear. 

Taper of f inch in 12 inches for: 

Bell-crankpin. 

Combination-lever pin — long. 

Link-block pin. 

Reverse-shaft hanger pins, Stephenson gear. 

Rocker-arm pins in single shear. 

Valve-stem sockets. 

Taper of I inch in 10 inches for: 

Combination-lever pin — short. 

Connecting-rod pin — ^in crosshead 
Connecting-rod pin bushing— in crosshead 
Eccentric-rod pins. 

Piston-rod fit in crosshead. 

Piston-rod fit in spider. 

Reach-rod pins. 

Reverse-shaft hanger pins — Walschaert gear. 

Reverse-yoke pin— short— Baker gear. 

Reverse-gear piston fit in spider and in crosshead. 

Radius-bar pin. 

Rocker-arm pins in double shear. 

Union link pins. 


ii 
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Valve-rod knuckle joint pins. 

Valve-rod pins. 

Valve-stem crosshead pin. 

of f inch in 12 inches is used for the eccentnV m,.4 • 

and of J m^io inches for the center connS ro^ ® 

“a to£^' “!S{b^‘ I Wk * 

Taper Threads in Locomotive Work 

to not conform to standard pipe sizes aS’ 

machining ROD ENDS 

Milling is replacing slotting for machining: rod ends Tn 

or by drilhng a hole large enough for a helical milling cutter to crn 
through. In some cases a hole is driUed for start ngtte torch ™t 
in Isc'ib^ iiecessary as a hole can be burned through a ^inch pW 
in less than 30 seconds. MilUng out the block from the soli<?r»n 
_£ 4i°“® from 5 to I inch per minute depending on the diameter 
^e tMckness of the rod. The Vinch feed is for 
a rod 7 inches thick. For finishing, the cut, whether Ae Wort i= 
out or burned out, usually ^varies from 3 

WEAR ALLOWANCES, TOLERANCES, AND FITS 

CROWN-BRASS PRACTICE 

Crown-brass practice varies on different railroads. These taWw 

show &e general diniensions, including relief, used bv a large 

raiboad and representing modern practice. ® 
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‘Continued 


Where Used 
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FITS IN RAILROAD WORK 1x85 

Table 10.— Rebuilding Hub-Linee oe Locomotive Diuving 

This is recent practice of a large railroad shop as reported by Irving 
T. Bennett of Revere Brass and Copper Co. 


Process 

Rod Di- 
ameter 

Amperes 

Volts 

Rod Used per Hour in 
Pounds 

Used 

Deposited 

Metal arc 

3 

8 

380 

30 

28.49 

27-79 



450 

30 

35-76 

34 - 17 



500 

30 

38.72 

36.72 


i 

500 

30 

43.10 

41.30 



600 

30 

46.69 

44.39 



700 

33 

54-99 

50 •57 


5 

"8 

700 

33 

62.46 

-57-78 



800 

35 

66.00 

57.60 

Carbon arc 

1 

2 

500 

42 

47.96 

47.96* 



500 

42 

97.68 

97 - 46 t 

' ■ ■ i 

S 

8 

700 

■ , ■ i 

45 

150.47 

56 -o 3 t 


, Boxes inclined 10 degrees to permit “np-hill" welding, which is essential, 

f * Metal fused to base to insure good bond. 

t Metal simply melted down in carbon flame and puddled. 

Fits Used in Locomotive Repair Work 

The Heald Machine Company gives the following suggestions 
for running fits in railway shop work, based on observations in 
‘ many localities: 

Valve-motion pins or bolts and bushings, 0.003 to 0.006 inch. 

Side-rod knuckle pins and bushings, 0.005 to 0.008 inch. 

I Grankpins and rod bushings 6 inches or less in diameter, 0.010 
j to 0.015 inch. 

I Crankpins and rod bushings over 6 inches in diameter, 0,015 to 

1 . ■ , ',o.O'2o inGh.,V '■ 

j Driver axles and driver boxes, 0.015 to 0.025 inch. 

Piston rod and metallic packing, 0.001 to 0.0015 inch per inch of 
diameter.' 

Piston-rod allowable variation in diameter from end to end, 0.002 
inch.' ,, 

Air-pump piston rods, allowable variation in diameter from end 
to end, 0.001 inch.^^ ^^^ ^ ^ ^ ^ 

One method of repairing motion work is to true up the hole in 
the lever and then grind the outside of the bushing 0.004 inch larger 
than the hole. The hole in the bushing is ground 0.008 inch larger 
than the pin. Forcing the bushing in the lever reduces the hole 
to about 0.004 ineh for an oil film. 

Brass cylinder bushings in triple valves require careful attention. 
When the difference in diameter between the two ends exceeds 
0.002 inch, the bushing should be reground just enough to remove 
the worn spots. 


L 
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STANDARD ALLOWANCES FOR DIFFERENT KINDS OF FITS 

the tracmff within thft limifc given on 


the tradn7.kthir*nMtrtaSi^^^^^^ 

bolt, pin, or shaft which goes into the hole shall the 

SiS‘4£" *' “ •'‘' “ “ >■»• 

aUowances for those fits only specified shall govern the 

. The allowances for different fits and for tolerances nf t,„i 
given in the foUowing table shall be used, unlLs oSemise 

OTVec^^il maintenance instructions. This^tsM*^ 
gives aUowances covering average conditions. ' ® 


Nominal 
Diameter, 
in Inches 


Up to f. 
§ to I . . . 

1 to 2 . . . 

2 to 3 . . , 

3 to 4. . . 

4 to 5. . , 

5 to 6 . . . 

6 to 8. . . , 


Limits 


High 

Low 

High 

Low 

High 

Low 

High 

Low 

High 

Low 

High 

Low 

High 

Low 

High 

Low 


Toler- 
ances fori 
Standard 
Holes 


t+o.ooos| 
I 70- 0005 
t+o.ooioj 
0.000s 
+ 0.0010 
— O.OOOS 

+0.0015 
— O.OGIO 
+0.0015 

— o.ooio 

+ 0 . 0020 ] 

— 0.0010 
+0.0020I 
— O.OOIO 

' + 0.0020 

— o.ooioi 


Allowances for Different Kinds 


of Pits 


Running 
Pit 


— 0. 0010 

— 0.0020 

— 0.00151 

— 0. 0030] 

— 0. 0020 

— 0.0040 

— 6.0025 

— 0.00451 

— 0.0030 

— 0.0050 
-0.0035 

— 0 . 0060 

— 0.0040 
-0.0070 

— 0 . 0045 
-0.0080 


Push 

Pit 


Driving 

Pit 


0.0003 
~o.ooo8| + o 
“0.0003 
“O.oooSi 
-0.0003 

- 0 , 0008 

- 0 . 0005 
- 0.0010 
-0.0005 
- 0.0010 
■0,0005 
■o.ooiol 
■0.0005 
■ 0.0010 
■0.0005 
■O.OOIS 


0 

+0 


• 0 . 
•0 
• 0 . 
+ 0 


.0005 

.0003 

-ooioj 

.0008 

■ OOISj 
0010 
0025 
0015 
0030 

0020 j 

0035 

0025 
0040 
0030 
004s j 


Force 

Pit 


+ 0.0010 
I +0.0005 
1 + 0.0020 
+0.0015 
+ 0 . 0040 
+0.0030 
I +0,0060 
1+0.0045 

+0.0080 
I +0.0060 
! + 0,0100 
1+0.0080 
I + 0.0120 
+ 0.0100 
+ 0.0140 


’ T- W, Ul, 

0035 +0.01: 


reS'red! The d^e^m? w sLft S Sof ^ 

SSce “ go^Sld ™op 

inchkrgerfe the hole shaU be * 

larger than the M’^naTsiS oTthT boft^’ ^ 

bolt. be ^ inch larger than the nominal size of the 

or ritdl'lccSfto whdW^^ bolt 

on the thickness d KSl “ based 
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WEAR ALLOWANCES FOR GENERAL MOTORS SERIES 71 
DIESEL ENGINES— November, 1944 

Piston : Ring Fits, Compression Ring, and Groove Width 

Top ring: minimum: 0.010 inch. At 0.022 inch clearance replace 
the piston and use new rings. , 

Second minimum 0.008 inch. At 0.015 inch replace the 
piston. 

Third and fourth ring: minimum 0.006 inch. At 0.013 inch 
replace the piston. 

Oil ring to groove: minimum 0.0015 inch. At 0.008 inch replace 
the piston. 

PISTON AND CYLINDER LINER 

Insert o.oos-inch feeler ribbon' J inch wide full length of liner. 
Insert bare piston (no pin or rings) upside down. When the piston 
is released, it should slip through the liner. Repeat with ribbon 
moved 90 deg. in liner. Worn diameter at top of ring travel should 
not exceed unworn diameter by more than 0.008 inch. Piston-to- 
liner minimum clearance should be 0.006 inch. 

Piston and Piston Pin 

Minimum clearance is 0.0025 inch radial. Replace at 0.010 
inch. 

Gap in Piston Ring — ^Ring Closed in Liner 

Compression rings: minimum 0.020 to 0.025 inch, OiT control 
rings: minimum 0,010 to 0.020 inch. Replace all rings at overhaul. 



Crankshaft 

End hearings and crank pins: replace or regrind when taper and 
out of round exceed 0.003 inch. 

Main center hearing: minimum clearance 0.002 inch. Replace 
at 0,006 or when the shell thickness is less than 0.153 inch, at the 
center. 

Thrust hearing-end play: minimum 0.004 inch. Replace thrust 
washer at 0.018 inch. 

Connecting rod journal and shell: minimum 0.002 inch. Replace 
at 0.006 inch or when shell thickness is less than 0.153 inch l^Le 
center. Connecting rod bushing at piston pin: minimum 0.0015 
inch radial. Replace at 0.010 inch. 

Camshaft and intermediate bearing: mimmum 0.0025 inch. 
Replace when lower shell thickness is less than 0.340 inch. 

Camshaft or balance shaft and hearing: radial minimum 0.0015 
inch. Replace at 0.006 inch. End play minimum 0.005 inch. 
Replace thrust washers at 0.018 inch. 

Rocker um and 5/w/i5: minimum 0.001 inch. Replace at 0.004 
inch. Cam follower bushing and pin-replace at 0.005 in. radial. 

Valve and valve guide: minimum 0.001 inch. Replace at 0,006 
inch. 
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Cylinder head inserts: Dress fit for cA^ifo x 

Seat widtii * incfirnot ovefi 

o.ooi incii by dial indicator ^ ofiseat not to 

”!"■ *» 

.isrsfs fesrs™ “SfisE' •? '«5„ „ 

.«*» the i.d„.„t of • Sm’SSS”””"' ’»!■ 

wij reSS.'r.y&sSf ““““ (“'“wuoh 

eohsldiS'.Se bS ttj no? r'eSS“ta3“" *“'* b« 
T<UERAKCES ^ WEAR LIMITS FOR DIESEL ENGINES 

■ ances on new endnes arp cn\rAr> Vr. i r i ^^ts. ihe toler- 
limit in the right-hand column. co umn and the waer 


Cylinder to piston. — 

Piston pm: Pin to floating bushifii' ' ' ' ' ‘ ‘ ^ to o .0135 

Pinto piston bushing. ..^ ^V 

Rod to floating bushing. " ' S ° • °®4S 

Pi^on nngs: Compression ring in gro'oVr>’ ' ' ' ‘ ^ 1 ° 0.0065 

Compression ring gao. . groove o . 004 to 0 . 008 

Oil nng in groove. r 0.035 to 0.045 

. Oil ring gap. ... , 0.002 to 0.006 

Main bearing to crankshaft ion™ aI ’ ' ' ^£35 to 0.045 

Crankshaft end thrust ■ ° to 0 . 010 

Connecting rod bearing. .' ‘ ' * ' " ’ Jo 0-015 

Miaust valve stem to guide. ’ 0 . 008 to 0.010 

Exhaust valve rocker arm bushiW ‘ ® ' ^*^45 to 0 . 006 

Oil pumps: Drive shaffS ShiS?' ° • 2 ??- •«04 

Idler gear to shaft. ® 0 . 0015 to 0 . 0035 

Backlash in pump gears.*.'. ' * ^ ‘ ' * • • 0 . 00 1 5 to 0 . 0035 

Cear end clearance. ' ‘ • • * - . 0.010 to 0 . 014 

Sfaofiasf " Crankshaft bekrings'| ^.’ool to 

Cl««an«; rit« to eid “ °-®“ 

Clearance, housing *t0 rotor. •••••..-. P . 0 1 2 to 0 . 0 23 

Clearance, rotor to rotor. . . ” ’ ' ' ' ’ ‘ ' ' ' ' ^ 0 . 012 

Radial clearance, rotor shaft bearing* 0.012 

Thrust clearance, rotor shaft bSring ° • °°3 to o . 0045 

synchronizing gears to 0.005 

' — 0 . OOP, to O.'OOII!;''. 


WEAR LIMITS 


Table ii.— Limits of Wear for Locomotives in Shop 
FOR Class 4, OR Heavier, Repairs 
Item , ^Instructions 

Air pumps Regrind air cylinder: When 0.012 inch out of 

round 

When 0.012 inch tap- 
ered 

Regrindsteamcylinder: When 0.012 inch out 
of round 

When 0.012 inch 
tapered 

Connecting-rod bushings. . . . Renew when inch oversize 

Connecting-rod eyes Regrind when -it inch out of round (for new 

bushings) 

Crosshead Reline when lateral play exceeds J inch 

Crankpins, main, 21a, 21 &, 22 Return: when inch out of round 

when ^ inch tapered 
Renew when | inch undersize 

Crankpins, main, other than Return: when inch out of round 
21a, 2ib, 22 when p inch tapered 

Renew when | inch undersize 

Crankpins, all others. Return: when ^ inch out of round 

when inch tapered 
Renew when f inch undersize 

Cylinders Rebore: when ^2 inch out of round 

when inch tapered 

Cylinder bushings Rebore: when ^2 inch out of round 

when inch tapered 
Renew when I inch oversize 

Driving boxes Retnachine when ^ inch tapered 

Driving-box crown brasses. . Renew when less than inches in thickness 

Eccentrics Return when ^ inch out of round 

Renew when f inch undersize 

Eccentric straps. Rebore when 1*8 inch out of round 

Renew when ^ inch oversize ( -is inch side 
play) 

Journals, main. Return: when ^ inch out of .round 

when ^ inch tapered 
Renew when | inch undersize 

Journals, other than main. . . Return: when -h inch out of round 

when ^ inch tapered 

Renew when to L inch undersize (according 
to class) see C-29237 

Piston-bullrings Renew when ^-5^ inch undersize to 29 inches 

diameter; J inch, over 29 inches 

Piston rods Regrind: when 0,010 inch out of round 

when 0.010 inch tapered 
Renew when inch undersize 

Rocker arm Return when inch out of round 

Rocker-box bushings. ....... Renew when ^ inch out of round 

Valve-chamber bushings. . . . Renew: when A ii^ch out of round 

when inch tapered 

Valve-bull rings. Renew when ^ inch undersize , 

Valve-motion bushings. Renew when inch oversize 

Valve-motion pins, ........ . Renew when^ ^ inch undersize 

Valve stems. Regrind: when 0.010 inch out of round 

when 0.0 10 inch tapered 
Renew when i inch undersize 

Locomotive frames— -shoe fits Build up by welding when wear on .sides ex- 
ceeds inch 

Shoes and wedges Discard when flanges are worn on inside more 

than A inch 

Crosshead wrist pin Renew when body of pin is i inch oversize 
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Railroad Work 

ggested by the Amencan Association of Railroads 


Grade 


loio 

1015 


1020 


X1020 

1035 

1045 

1060 


Machine 
Rating, 
Per Cent 


45 

45 


50 


55 

60 

50 

40 


Heat- 

Treatment 


1120 

5131s 

X1340 

2x10 


2115 

2330 

3130 

3140 


100 

85 

60 

60 


50 

50* 


45^ 

40* 


Carburize 
/Carburize 
) or 

< Normalize 

f 

\As Forged 
Normalize 
N. Q. & T. t 
N. Q. & T.f 


Carburize 
N. Q. & T.f 
None 

/Carburize 
'or as rolled 
N. Q. & T.f 
N. Q. & T,t 
N. Q. & T.f 


Application, Locomoti 


:ive, and Cars 


Pins— Cold formed 
Bolt heading stock 


Bolt heading stock 


coupler knuckle 


Brake pins 

Brake-beam truss rods 
Small forgings 
Draw-bar and 
pins 
Screw stock 
Same as X1020 
Same as 1045 
Staybolts 
Motion work pins 
Engine bolts 
Automotive bolts 
High-temperature bolts 

Small high-tensile forgings 


* Annealed, 
t Normalized, quenched, and tempered. 


bronze BEARINGS FOR LOCOMOTIVES 
Adopted, 1916; Revised, 1926, 1934.— a.A.R. 


cr^shead gfts, engine truck’ and trailer bSes sedges, 

bning metal for facing or lining^ ^ bearings 

“1,1st Si'” 


Chemical Properties and Tests 




the 
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Phosphor 

Bronze 

Hard 

Bronze 

MMium 

Bronze 

Soft 

Bronze 

Tin 

9 to 1 1 

9 to II 
0.2 to 0.4 
0 . 5 

7 to 10 
10 to 15 

6 to S 

4 to 6 

Lead 

14 to 22 

23 to 27 

Phosphorus 

Zinc maximum 

1 . 25 

0.7s 

Balance 

1.25 

0.75 

Balance 

0 . 7 S 

0 - 7 S 

Balance 

Other impurities, maximum 
CoDoer 

1 .0 

Balance 



CAEBON STEEL AXLES TOR CARS AM) LOCOMOTIVE 
TENDERS 

Adopted, 1914; Revised, 1926, 1934, 1936 — A.A.R. 

Chemical Composition. — The steel shall conform to the following 
requirements as to chemical composition: 


Carbon, per cent .............. 0.40 to 0.55 

Manganese, per cent o. 50 to o . 90 

Phosphorus, not over, per cent . . . 0.05 

Sulphur, not over, per cent. .......... 0.05 


Drop Test — At a temperature between 40 and i2o°F., axles 
must pass the following drop test from a “tup” of 2,240 pounds. 
Axle to be rotated 180 degrees after first and third blows. 


Table 13. — Drop-Test Specifications 


Classi- 
fication 
of Axles 

Size of 
Journal, 
in Inches 

Diameter 
of Axle, 
at Center, 
in Inches 

Length 
of Axle, 
in Inches 

Height 
of Drop, 
in Feet 

Number 
of Blows 

Maximum 
Perma- 
nent Set, 
in Inches 



4i 

■ ■ ■ ! 

18 


8! 

A 

3i X 7 

41 

83i 

19 

5 

8| 



4| 


20 


8 



4| 




7f 


4i X 8 

4 I 

84i 

23 ^ 

S 

1 



5, 


25 


1 7 



Sf 


29 


6i 

' ■■ ' ^ ^ 

S X 9 

sl 

86i 

30 ^ 

5 

6 



sl 


3if 


5f 



sl 


34i 


54 

D 

six 10 

6 

1 88J 

36 

5 

si 



61 


37i 


' s ■ 



5^ 


1 


4l 


6 X II 

6^ 

90f 

43 

'S' 




6^ 


44i 


4i 


Weights. — The maximum weights of smooth-forged and rough- 
turned axles in any shipment shall not exceed those given in Table 14. 
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Wheel cenfer 


r/veHnQf^ 


<-..0 

^4' 

rsl 

<1~> 

— ^ — 
c 

“Hr 



i±: 





L- 

ZZa. 

-A 



c 

F 

5 "+o 5 ^" — 

— 

6 "to 6 i 4 ' 2" 

1" 


!" 


2" 

9 "to 9?4 

2" 

I0"toi0-!l' 4 " 

2" 

iog^ir' 4^’! 

2" 


Before^ (itD) 

nvefin^ 


^ ^ Machineal to suif 

CL eccentric crank 

Cylinder or threaded for 
collar and nuts 


Fig. 10. — Standard American Association of Railroads Crankpins 


These dimensions standard for engines with booster 


r'l _ — ... 5034 r~~ 

2i'mhxC K : 


r >-** — : — '66"J’nictrs: 

^ ^otrinci Pressures ^ 
I Classof Servicel Persoi ini //. 


Passenger 

Freight 


Features shown in dotted 
lines are optional 



B 

ct 


■ L.oct d ! 

u 

r 



w 



19.600 


W 


W 

.22,400 


iW 

loVe'' 

w 

25.200 1 



TxW' T Ig W W W W 19.600 20.600 -H 

8^x14" W W; 23.500 Center 

9 dioy&iiiQy 4 'iioy 4 fQyel 9 >^i 
'^This dimension applies to Non Booster axles only, 
toberough turned between wheel fits 

Fig, II. — ^A.A,R, Dimensions of Trailer-Truck Axles 


Table 14, — Maximum Weight of Axles 


Classification 
of Axles 


Rough Turned 
All Over 


Size of Journal 
in Inches 


: Smooth-Forged 
[ with Rough-Turned 
Journals and 
Wheel Seats 


3i X 7 
4 iX 8 

5 X 9 

si X 10 

6 X II 
6J X 12 


435 

530 

70s 

835 

i,ois 

1,190 


425 

520 

695 

825 

1,00s 

1,175 


AXLES AND PISTON RODS 
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i^-^Roucuh wurneof 




-64'- 


B'EARTIT^ 

SIZES 

A 

B© 

'g' 

D© 


Fe 

H 

I# 

MAX.JNL.l-OAD 
PASS iFRf&SVV 

7"x9" 

Y> 

10' 


7" 

e'A' 

34” 

6^ 


ll.OOOfl2.60C 

8 xl 

01 

8 

11 

Wh 

"ih. 

iw 


0 


KOOOI16.OOC 

9 X 

2 

9 

13 

9/? 

m 

8j^ 

m 


~ 

I8.900I2I.6OO 

IClx 


10 

13 

IQli 

IJ 


28 

I 0 

2 

2I.00024.000 

11 X 

3 

11 

14 


8 

Ml 

26 

70 

3 

25000fe.600 

I?X 

3 

12 

14 


8 

11K21 

26 

70 

5 

SM30OO 

I3x 
14 X 

\± 

is 

TI 

14 

15 

15 

M 

i 

m 

m 

2± 

24 

70 

70 

4 

4 

3I^SOOB6.400 

34.300l39.200 


Ke^lPii!'wfcfe 

^ These dimensions apph fo mcf in mfes Nt_ _ i'Jhfck 

Length of wheel fits ctnd Journals on Oprioncrl>tncl of axle 
axles other than mcf in f obe governed 
by corresponding dimensions of 
main axle, 

Notei-Ifends of axle are fa 
project^ "beyond faces of hubs 
dimension ( H ) w/7/ be ^ "longer 
than shown in table. 

Piston rod and key taper in 
crosshead-A .A.R. 



may be flush with 
face of hub if desired 




h-fj 

Center for Center for 
solid axles hollo w axles 


Taper diam.) in 12 


. \Rod-‘^*'(ondiam.)in S" 
Xfey-i" in 12" 


Key-fin 12" 

Fig. 12. — A. A.R. Standard Locomotive Driving Axles and Taper 
of Piston Rod and Keys 
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threads for locomotive injector couplings 

of ‘iepth is 

PfMALE THREAD 
mof of thread 
._QPProx.VshaDgc/ 



f^tof thread approx. 
V shaped 



A Max. 


Top of thread flattened 

' ' “'VMr f b” ^ - "--s- 




SECTION XXVII 


SHOP TRIGONOMETRY 1 

ANGLE CONSTANTS 

The laying out of angles is sometimes difficult by ordinary 
methods and a little knowledge of shop trigonometry is very useful 
It is really a system of constants or multipliers based on the fact 
that there are always fixed proportions between the sides and angles 



Fig. 2 Fig. 3 

Figs, i to 3. —Diagrams Showing Angle Constants 


of triangles and other figures. Figure i shows a 3 o~degree angle 
with I-, 2“, ^nd 34nch arcs, ic, 2/, and It wiU be found that 
every similar measurement is in exact proportion to the radius, 
thus 2 <^ is exactly twice the length of la, a-nd hi is just three times 

vNote.— Reference letters on Figs. 8 to 19, p. 1199, Pig* P* 1208, Figs. 24 
to 32, pp. 1210 and 1211, have been changed since the 7th edition to conform 
with formulae on pp. 1201 to 1207. 
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be. _ So, if we know the distance ac for a i-inch radiii« fnr , 

a similar distance, as gi for the samranHe ^ 

tion to the radius of the circle to one, wSchTs\e 

parts are named as shown in Figs. 2, 3, and a. - All these 

foreaJhpartraeS:“h1ttl^^^^^ 

and these figures are given in the taUes which follow 

WT r- inches, feet, meter J or LSS anf thfan®^"'' 

Angle Is Always Taken Each^SWe^of the Center Line as Shown 

Lines AE and AJ are each called radius of the circle. 

IS called cosine of the angle. 
rw same as cosine of the angle. 

C,fi IS called the versed sine of the angle. 

FH is called the coversed sine of the angle. 

called the sine of the angle. 

ED IS called the tangent of the angle. 

EG IS called the cotangent of the angle. 

AD IS called the secant of the angle. 

_ AG is called the cosecant of the angle. 

u».n&‘fes'" 'SS" S5.T£ 

degree thread, we divide this by a center line and call the ancrlA 

Srsr-z 

SS .TS.^liSS “S 

Ae horizontal radius to an extension rftL^fdii S thtfnSerive^ 
tenyS^^From C top” “ ""'“I radius from the center to the 

<»|2. ■^SSp‘cS,X£ZZ-‘JS.‘“‘ “ 

pzz rg.int.iil.'ais sstrSL"''' " 

..d«;s:'feta£\=.^tsSbt';KL'bi 


BOLT CIRCLES II95 

seen by studying the diagrams or by making any calculation and 
then proving it as near as may be on the drawing board. 

All this is interesting, but unless it is useful it has no value to the 
practical man, so we shall see where it can be used to advantage in 
saving time and labor. 

Perhaps the easiest application is in finding the depth of a V 
thread without making any figures. The angle is 60 degrees or 
30 degrees each side of the center line. The pitch is i inch, so that 
- each side is also an inch; and so the radius is an inch, the depth of 
the thread is the distance AC or FBj and is the cosine of the angle. 
Looking in the table for the cosine of the angle of 30 degrees we 
find 0.86603, and as the radius is i, this gives us the depth directly 
as 0.86603 inch. If the radius was 2 inches, we would multiply by 
2, or if it was 4 inch, divide by 2 and get the exact depth with almost 



inch deep and we want to find the length of one side, the angle 
remaining the same as before. In this case we have the depth which 
is the line AE, and we wish to find AD which is the secant, so we 
look at the table again and find the secant of 30 degrees to be 1,1547 
inches as the length of the side. 

Suppose you have a square bar 2j inches on each side: What is 
the distance acress the corners? Looking at the second example, 
we see that the side of the square bar is represented by line AE and 
the corner distance by the secant AD, so we look for the secant of 
45 degrees (because we know that half the 90-degree angle of a 
square bar must be 45 degrees) and find i. 4142, which would be the 
distance if the bar was i inch square. So we multiply i .4142 by 
2| and get 3.5355 inches as the distance across the corners, and can 
know that this is closer than we can measure, and is not a guess by 
any means. 

Reversing this we can find the side of a square that can be milled 
out of a round bar, such as the end of a reamer or tap. What square 
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can we make on a 2-incli round reamer skank? The radius of 
the bar is the radius as and the angle 45 degrees as before 
Half the side of the square will be" the sine CB, which the table 
shows to be 0,70711, and as this is half the chord which makes the 
flat across the bar, we multiply this by 2 and get 1.41422 inches as 
the distance across the flats for a reamer shank of this size. 

^ Suppose we have a bar of i J- by |-inch steel and want to find the 
distance across the corners and the angle it will make with the base 
The i|-inch side is the radius, the diagonal is the secant, and the 
f-inch side is the tangent of the angle. Reducing these to a basis 
of I inch, we have a bar i inch by -J inch, and the i inch is the tan- 
gent of the angle. Looking in the table we find this to be almost 
exactly the tangent of 26 degrees and 34 minutes. With this angle 
the secant, or diagonal, is 1.1180 for a radius of i inch, and i§ times 
this gives 1.6770 as the distance across corners. 

A very practipl use for this kind of calculation is in spacing bolt 
holes or otherwise dividing a circle into any number of equal parts. 


0 - 


Fig. 6.— Laying Out Angles 

It is easy enough to get the length of each arc of the circumference 
by dividing 360 degrees by the number of divisions, but what we 
want is to find the chord, or the distance from one point to the next 
in a straight line, as a pair of dividers would step it off. First 
divide 360 by the number of divisions, say 9, and get 40 degrees 
in each part. Figure 5 shows this, and we want the distance shown, 
or the chord of the angle. This equals twice the sine of half the 
angle. Half the angle is 20 degrees, and the sine for this is 0.342. 
Twice this,^ or 0.684, is the chord of the 40-degree angle for every 
inch of radius. If the circle is 14 inches in diameter, the distance 
between the holes will be 7 X 0.684, or 4.788 inches. This is very 
quick and the most accurate method known. 

Draftsmen often lay out jigs with the angles marked in degrees, 
as in Fig. 6, overlooking the fact that the toolmaker has no conven- 
ient or accurate protractor for measuring the angle. Assume that a 
drawing shows three holes, as a, and c, with b and c 20 degrees 
apart. The distance from to & is 3 inches, what is the distance 
from & to c or from a to c 7 

As the known radius is from a to 6, the distance be is the tangent - 
of the angle, and the tangent for a i-inch radius is 0.36397, so for a 
3-inch radius it is 3 X 0.36397 == 1.09191 (or 1.092 to three places) 
inches from b to c and at right angles to it. 

il .. 

' 




20 

1 


U 

I? 

irH 

t 

— 01 . 
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But we need not depend on the accuracy of the square or of the 
way we use it, as we can find the distance from a to c just as easily 
and just as accurately as we did be. This distance is the secant 
and is 1.0642 for a i-inch radius. Multiplying this by 3 gives 
3.1926 as the distance which can be accurately measured. 

* If the distance between a and c had been 3 inches, then 5 c would 
have been the sine and a 5 the cosine of the angle, both of which can 
be easily found from the tables. 

It often happens that we want to find the angle of a roller or other 
piece of work, as in Fig. 7. Always work from the center line and 
continue the lines to complete the angle. Every triangle has three 
sides, and they are called the “side opposite,’’ “side adjacent,” and 



Fig. 7. — Finding Angle of a Roller 


“hypotenuse,” the first being opposite the angle, the second the base 
line, and the third the slant line. 

The following rules are very useful in this kind of work: 


side opposite 
hypotenuse 
side adjacent 
hypotenuse 
_ , side opposite 

3. Tangent — — 


1. ■ Sine “ 

2, Cosine 


hypotenuse X sine, 
biypotenuse X cosine, 
side adjacent X tan- 


6. Side o ^ 

7. Side adjacent 

8. Side opposite 
gent. 

9. Side adjacent «= cotangent X sid*" 
opposite. 

side adjacent -rr . side adjacent 

, side adjacent Hypotenuse 

4. Cotangent = opposite 

. side opposite 

'S. Hypotenuse v 

If we have the dimensions shown in Fig. 7, the side opposite, 
and the hypotenuse, we use formula i, and dividing 2 by 4, we get 
i or 0.5 as the sine of the angle. The table shows this to be the 
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■■I: 


sine of the angle of 30 degrees, consequently, this is a 3o~degree 
angle. ; . ■ 

Should it happen that we know only the hypotenuse and the 
angle, we use formula 6, and multiply 4 X 0.5 ~ 2, the side oppo^ 
site. In the same way we can find the side adjacent by usihe 
formula 7. The cosine of 30 degrees is 0.866, and • 


as the side adjacent. 


4 X 0.866 ~ 3.464 
Chart of Angles 


S//t. Sec Loose 

St'n.jms TanJieZi See.JOl^J 
Sin. 25662 Tan..m9S Sec./.OSSli 
Sin .54202 Tan .Z&357 Sec /sm 
Sin. 42262 Tan. 46651 Sec./JQU 
Sin. .600 Tan-.SmS See. 1.1547 
Sln..S7m Tan..7002l See. 1.2208 
'Sin.. 64279 ran.639/ See mS4 
Sin. . 70711 Tan, mo See./.4I42 






4_a\ ... 





Ton 

+ c Tan C«c*b 

Cot 

B»c + b Cot C*b + c 

Sec 

B-a-^c Sec C^Q-'-b 

Cosec 

B— a* b. Cosec C » a c 


Sin 

S)n C*c+.a 

Cos 

Cos C ■’ b ■*' 0 


This will save using the tables for angles in increments of an even 
S degrees. 

LOCATING HOLE CENTERS AND OTHER TOOLROOM 
WORK 

Any given hole may be selected as a checking point and the 
positions of aU other holes referred to it for master measurements. 
Frequently, the toolmaker will find occasion to check center dis- 
tances between holes that have no stipulated relationship to each 
other but do have an exact position in respect to some common 
point — say another hole center, and it may be desirable to tod the 
correct distance across these two. 
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Both angles and center dimensions have to be considered. 
The hypotenuse of the triangle in Kg. 8 has a known dimension 
and is the radius, and the height is the sine. Note lhat it falls 
within the curve or arc of the circle. In Fig. 16 the base of the 
triangle is the radius, and the perpendiculM side is the tangent, for 
it contacts the outside of the circle. The hypotenuse of the 
iriuntrles in Figs. 8 to 14 is the radius, no matter in what position 
the tnangle may be in respect to the horizontal line of the drawing. 
The perpendicular side or height of the triangle is the sine; the base 




Fig. 16 


Fig. 17 



Figs. 8 to 19 . — Note: Values in Parentheses Are Computed 


of the triangle is the cosine. Various positions are shown to make 
the point clear. 

In Figs. 16 and 17 the base of the triangle is the radius and the 
height is the tangent; the slanting line connecting them, called the 
h3^otenuse, becomes the secant. In Fig. 15 the perpendicular 
side or height is the known side and is used as the radius. 

The arc of a circle in the sketches is merely to prevent possible 
confusion in regard to sines and tangents. Ordinarily, whichever 
line, base, or hypotenuse carries a known dimension is used as the 
radius for solution of the angles and lengths of other dimensions. 

Note.— -J w the following examples all calculated values are in 
parentheses. 

In Fig. 10, the radius is 2 inches, and the length of base {h) is 
1.5 760 inches. Dividing this by 2 to find the base line corresponding 
to I inch radius gives us 0.78801, and we find this quantity in the 
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table of sines and cosines under cos 38°. The sine in the same 
double column is given as 0.61566, and we multiply this by 2 to 
give the length of this perpendicular side (a) when we have a 
radius of 2 inches. The result is 1.23132 Inches. 

In Fig. II we have an angle of 25 degrees and a radius of 1.875 
inch. Reference to the table of sines will give, under the heading 
for 25 degrees, the quantity 0.42262 as the sine of that angle, and 
we multiply by i .87 5 and secure the value 0.7924 inch. This is the 
length of side (a) ^ while the length of base (b) is secured by multiply- 
ing cosine 0.90631 (for 25 degrees) by 1.875, which equals 1.69933 
inches. 

In Fig. 14 the center angle is 40 degrees, the base length (b) is 
unknown, but the height (a) is given as i.ioo inch. The sine of 
40 degrees is given in a table of sines and cosines as 0.64279 to a 
radius of i. If we divide i.ioo inch by 0.64279, we find the quo- 
tient to be 1. 7113 inch as the radius or slope line of Fig. 14. Base 
(b) m found by multiplying the radius 1.7113 by cos 40°, or 0.76604. 
The result is 1. 3 109. 

It is sometimes easier to solve a problem like Fig. 14 by working 
from the opposite angle. As the two acute angles equal 90 degrees, 
subtracting 40 degrees from 90 leaves 50 degrees as the center 
angle, Fig. 15. We may now consider our radius as struck from 
this point, and this radius is i . 100 inch. We select the value for the 
sloping side from a table of secants and find in the column for 50 
degrees the value 1.15557. We multiply this by radius i.ioo and 
find the product to be 1.7113 inch, as that obtained by the method 
in Fig. 14. To find the base line in Fig. 15, we know the base line 
to be a tangent, and in the table of tangents, we find in the 50-degree 
column 1.19175 and multiply by i.ioo, which gives 1.3 109 inches for 
the length of base. 

Figures 16 and 17 also show the relation of radius, secant, and 
tangent. Figure 18 shows the solution for base (or radius) of two 
inches, where secant and tangent are required for an angle of 
30 degrees. Figure 19 shows a similar 30-60 degree problem with 
the height of the triangle taken as the radius equal to 1.500 inch. 
This is solved in the same way as the example in Fig. 15, that is, by 
referring to tables of secants and tangents and multiplying respec- 
tive values for 60 degrees by 1.500 inch, giving 3.00 inches for the 
sloping side, or secant, and 2.5981 inches for the tangent. 

Practical Applications 

^ Figures 20 and 21 show typical tool jobs where jig bushings or 
die holes are to be located. Figure 20 (page 1208) is a case where, 
as in Figs. 10 to 14, we deal with sines and cosines. Figure 21, on 
the other hand, has the base line of the triangle as the radius, and 
we are dealing with tangent and secant for height and hypotenuse 
as in Figs. 16 to 19. 

Not all tools to be bored have centers positioned in a right-angle 
triangle. But they admit of division into right-angle triangles and 
can then be treated as such. 

Figure 22 is a layout with three holes whose center lines form a 
triangle with no right angle. Drop a perpendicular line from the 
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and I Multiply tangent A by cosine A. 




Cotangent A Divide i by cotangent A 
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a5)ex, dividing tlie figure into 2 right-angled triangles. The lengths 
of these three sides are given, but the base line is now to be ^vided 
into its two parts b and and we can at the same time get height h. 
The base line is given as 2.875 inches. We divide it into b and ft' as 
follows: Multiply the sum and difference of the two other sides 
and divide the product by the base line. The quotient will be the 
difference between the two sections b and Thus: (2.00 inches 
plus 1. 125 inches) X (2.00 — 1,125) equals 3.125 inches X 0.875 = 
2.7344 inches. Dividing 2.7344 inches, by 2.875 equals 0.9511 


inch. This is the difference in lengths of lines b and b'. If we 
subtract half of this difference from half of base line 2.875 inches, 
we have 1.4375 — 0.4755 ~ 0.9620, which is the length of the short 
line b. Subtracting this from 2.875 inches gives 1.9 130 inches as 
^ . the longer line The height and the 

' angles can now be found as in the case of 

any right-angle triangle. 

The triangle at the left in Fig. 22 has a 
base line of 0.9620 to a radius of 1.125 
inches. Dividing 0.9620 by i . 1 25 gives us, 
for a i-inch radius, a base line of 0.8551 
Fig. 2 2. —Computed: inch. This is the cosine, and in a table of 


b — 0.9620 Inch; b' = cosines we find that the corresponding 
1 . 9 1 30 Inches ; k = angle is 31 degrees 14 minutes. The sine 
0.5833 Inch; Angle is given as 0.5185 (this is, of course, to a 
Is 31 Degrees 14 radius of i) . Multiplying 0.5185 by 1.125 
Minutes; Angle y Is 16 (the radius of our triangle) we find the 
57 J Minutes sine, or height to be 0.5833 inch. 

Simple Splutiojis of Right- Angle-Triangle Problems 
for Mechanics 

To enable those who have a knowledge of arithmetic only to 
find easily the different dimensions of the right-angle triangle, this 
table was prepared by S, A. Hand, associate editor of American 
Machinist. 

The particular angle chosen for illustration was selected on 
account of the ease with which the dimensions of the sides could be 
found by simple arithmetic, 

^ The beginner will, of course, understand that dimensions of the 
sides of the triangle can be any other than those given in the illustra- 
tion, but their proportions will remain constant for the same angle. 

secants, etc., will be found on 
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TESTING ANGLES WITH PLUGS 

A 60-degree angle for aU corners of a gage gives a triangle with 
three sides equal (see Fig. 23). The diameter of a plug that will 
contact the three sides is found by the formula D = W tan 30°. 
Or, diameter equals length of one side times tangent of 30 degrees, 
tan 30° to a radius of i is 0.57735. With W equal to 2 inches, the 
diameter of the plug will be 2 X 0.57735 or 1. 15470 inches. 

Taking the different examples in Fig. 23, thus, 20, 30, and 45 
degrees, for included angle a formula may be written as follows : 

P = IF tan (45° - -4/4) 

where D = diameter of plug. 

' IF = width of V opening. 

A == the included angle of the V". 

Consider in Fig. 23 the V with 20 degrees included angle: 45 

I degrees - — = 45 degrees — 5 = 40 degrees, tan 40*^ — 0.83910. 

I ' ^ ' 

j If IF is taken as i inch, then JD = i X 0.83910. So for any angle 

j where width IF is i inch, the diameter of the plug to come flush with 

I the top of the V opening will be taken directly as tan ^45® 

The width i inch is convenient for many cases where the toolmaker 
is interested only in the angle at the 
bottom of the V and not necessarily 
in its width at the top. 

It is often required to establish an 
accurate angle for gaging various tools 
and templets where the depth of the 
V and the width of the opening are 
only important in producing the 
desired angle of V. It is difficult to 
measure accurately the width IF 
without a toolmaker’s microscope, 
but with the plug it is simplified. 

A i~inch width of opening is conven- 
ient for many angles, but where a smallefone is desired, the formula 
is used by taking any convenient value for IF. 

Right-Angle Triangles 

Figures 24 to 30a show a number of ways in which right-angle 
triangles enter into tool and gage work. If we know the length of 
side 5 and the angle A^ we can multiply & by tan A to find side a. 
If side c ^ is known, we find side a is equal to side c X sin A . If 
angle B is known and side a, then side a X ta n B wil l give side h. 
With sides and h known, then side equals s/a® + If angle A 

is known, subtract it from 90 degrees to obtain angle Or if B is 

given, subtract it from 90 degrees to obtain angle A, 
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A simple rule for obtaining the diameter of a plug to contact all 
three sides of a right-angle triangle is to add the two shorter sides 
(as a and &; Figs. 24 and 30^1) and subtract c from their sum.^ Try 
this with the well-known right-angle proportions of 3, 4, and s inches 
for the three sides : 3 4" 4 “ 7j 7 — 5 2 inches, the exact diameter 

of a circle to contact all three sides. 

In Fig. 24 or Fig. 30a assume angle A to be 30 degrees and side h to 
be 1.30 inches. What is the diameter of a plug to contact sides a, 5, 
and cl 



Fig. 24. Fig. 25. Fig. 26. Fig. 27. 



Fig. 28. Fig. 29. Figs. 30 and 30^1. (See formulas 

on page 1212.) 


Tangent of angle A is tan 30° or 0.57735. So side a is 0.57735 
X 1.3 = 0.75056 inch. Sec 30° ^ i.i 547 X 1.3 = 1.5011 inches 
as the length of line c. Then a 4 - h ~ o*7SoS^ + i-3 inches 
= 2,0506 inches. Subtracting a or 1.5011, leaves 0.5495 as the 
diameter of the circle or plug. 

Or, working this arithmetically by the squares of the sides and the 
square root of the sum, it will work out as follows: 
a® - 0.56334 
6® = 1.69 
(j2 4- &2 2.25334 

a/s. 25334 = 1.5011 for side c, the same as obtained by the trig 
method above. 


Another Method of Calculating Plug Diameter 

To get the diameter of the cylinder or plug for a right angle job 
like those in Figs. 24 to 30a without using more than the length of 

' 2b 

side h and angle A, we can use the formula D = -y jx- 

(cot|)+x 
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A drawing does not always give other dimensions than this dis- 
tance b and a single angle only (angle A), leaving other figuring 
for the shopman in case he wants to make further calculations. 

Applying the formula to the problem already worked out by the 
other methods, we have u/— 1.3 inches X 2 — 2.6 inches. Then 
„ 2.6 2.6 2.6 . - 

JP := == y ^ = 0.549s inch. ■ 

(cot^)+i + ^ 4.7320s 

A series of formulas, arithmetical and trigonometrical, are given 
in the table on page 1212. These are self-explanatory. They 
cover most conditions that arise with right-angle-triangle problems. 

Other Angles than Right Angles 

Angular gage work and similar jobs with angles greater or less 
than 90 degrees are shown in Figs. 31 and 32. The angles A, B, 
and C, Fig. 31, are respectively 40 degrees, 68 degrees, and 72 


Width W= 2 
Angle A=40deg, 
Angle 8^=68 deg. 
Angle C= 72 deg 

2W 

(cot ^)+(co+|) 
Fig. 31. 




B = 50deg. 

C = 100 deg. ^ 

p, --- 2W 

(cot 2) + (cot I ) 

Fig. 32. 


degrees. All of these may be known, or two of them known and 
the other found by subtracting the sum of the twm from 180 degrees 
for the third angle. In any event the formula used for the diameter 
of a cylinder or plug (D) to fill the angle and contact the three 
sides is: 


i . "(- 7 ) +(“‘9 

f Then 



4 

cot 20° + cot 36°’ 


D = 


2.74748 + 1.37638 4.12386 


= 0.9698 inch. 


The angular gage opening in Fig. 32 is calculated f or the diameter 
of the contacting plug by the same method and formula as used in 
connection with the one in Fig. 31. 




3 Triangle . , 

4 Square . . . . 

5 Pentagon • , 

6 Hexagon . . 

7 Heptagon . 

8 Octagon. . , 

9 Nonagon * . 

10 Decagon . . 

11 Undecagon 

12 Dodecagon 


"f S.2 

irde 

side 

III 

II 

•g 2. ■ 

a S 


e irj S 


“Is 


a> 




Diameter of 
that will j 
dose when 

Diameter of 
that -will j 
inside wh< 
is I 

•a ? 0 

9 

Angle formed 
drawn from 
to cx>rners 

Angle formi 
outer sides 
ures 

To find Area 
lire multiply 
itself and b 
In this ( 

1.1546 

•5774 

.866 

1.732 

120° 

60° 

-4330 

I.4142 

I, 

.7071 

I. 

90 

90 

I. 

1.70x2 

1.3764 

.5878 

.7265 

72 

108 

1.7204 

2. 

1.732 

•5 

•5774 

60 

120 

2.5980 

2.3048 

2.0766 

•4338 

.4815 

5 i°- 26 ' 

00 

H 

3*6339 

2.6132 

2.4142 

•3827 

.4142 

45 

135 

4.8284 

2.9238 

2.7474 

-342 

•3639 

40 

140 

6.1818 

3*236 

3.0776 

■309 

•3247 

36 

144 

7.6942 

3*5494 

3*4056 

.2817 

.2936 

32°-43 

I47A 

9*3656 

3*^638 

,3*732 

.2588 

•2679 

30 

150 

11.1961 
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Formulas for Right Angle Triangles 
(Page i2io) 

.nd Knowing Porn- 


Sides h and c 
Sides a and c 
Sides and b 
Angle B 
Angle A 

Angle A and side c 
Angle B and side c 
Angle A and side b 
Angle B and side a 


Diameter of Plug D Sides a, b, and c 


Vc^ - 

•v/c® — . 

Va^ + 
go° — B = 
go° — A = 
c X sin A : 
c X cos A 
c X cos B 
c X sin 3 = 
b X tan A 
b X sec A 
a X tan B 
aX sec B 
(a + b) - 


— side a 
= side b 
~ side c 

— A 

= B ^ 

— side a 
= side b 

— side a 

— side b 
= side a ■ 
~ side c 
= side b 
= side c 

c = Dia. D 


LAYING OUT REGULAR POLYGONS 

The cut-and-try method is to draw a circle and space it off, but 
it saves time to know what spacing to use or how large a circle to 

Table of Regular Polygons 


FINDING DIAMETER 


1213 


draw to get a figure of the right size. Suppose we wish to lay out 
any regular figure, such as a pentagon or five-sided figure, having 
sides I i inches long. 

Using the Table 

Looking in the third column, we find Diameter of circle that will 
just enclose it,” and opposite pentagon we find 1.70 12 as the circle 
that will just enclose a pentagon having a side equal to i. This 
may be i inch or i anything else, so, as we are dealing in inches, we 
call it inches. As the side of the pentagon is to be ij inches, we 
multiply 1. 70 1 2 by and get 2.5518 as the diameter of circle to 
draw, and take half of this, or the radius 1.2759, in the compass to 
draw the circle. Then with i| inches in the dividers, we space 
around the circle, and if the work has been carefully done, it will 
just divide it into five equal parts. Connect these points by 
straight lines, and you have a pentagon with sides inches long. 

If the pentagon is to go inside a circle of given diameter, say 2 
inches, look under column 5, which gives ‘‘Length of side when 
diameter of enclosing circle equals i,” and find 0.5878. Multiply 
by 2 as this is for a 2-inch circle, and the side will be 2 X 0.5878 = 
1.1756. Take this distance in the dividers and step around the 
2-inch circle. 

Assume that it is necessary to have a triangular end on a round 
shaft, how large must the shaft be to give a triangle 1.5 inches on 
a side? 

Look in the table under column 3, and opposite triangle, find 
1.1546, meaning that where the side of a triangle is i, the diameter 
of a circle that will just enclose it is 1.1546, As the side is 1.5, we 
have 1.5 X 1.1546 = 1.7318, the diameter of the shaft required. 
If the corners need not be sharp, probably a shaft 1.625 would he 
ample. 

Reversing this to find the size of a bearing that can be turned on 
a triangular bar of this size, look in column 4, which gives the 
largest circle that will go inside a triangle with a side equal to i. 
This gives 0.5774. Multiplying 0.5774 by 1.5 = 0.8661. 

A square taper reamer is to be used which must ream i inch at 
the small end and 1.5 at the back. What size must this be across 
the flats at both places? 

Under column 5 find 0.7071 as the length of the side of a square 
when the diameter of the enclosing circle is i, so that this will be 
the side of the small end of the reamer, and 1.5 X 0.7071 — 1.0606, 
the side of the reamer at the large end. 

FINDING THE DIAMETER WITHOUT THE CENTER 

It sometimes happens in measuring up a machine that we need 
to know the radius of curves when the center is not accessible. 
Three such cases are shown in Figs. 33, 34, and 35, the first two being 
a machine and the last a broken pulley. In Fig, 33, the rule is short 
enough to go in the curve, but in Fig. 34, it has one end touching 
and the other across the sides. It makes no diflerence which is 
used so long as the distances are measured correctly, the short dis- 
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tance, ot Dersed sim, being taken at the exact center of the chord 
and at right angles to it. It is easier figuring when the chord or the 
height is even inches, so in measuring, , slip the rule until one or the 
other comes even; sometimes it is better to make the height come 
I inch and let the chord go as it will, but at others, the reverse may 
be true. The rule for finding the diameter is : Square half the chord^ 
add to this the square of the height, and divide the whole thine hv 
theheight. ^ ^ 


Fig. 33 


Fig. 34 


Fig. 35 


If the chord is 6 inches, as in Fig. 33, and the height i J inches, we 
have ■ ■ ■ ■ ' 


(i chord) ^ -f- height^ _ 3^ -f iP _ 9 + 2J _ iij 


7i inches. 


Or, as in Fig. 34, call the chord 10 inches and the height i inch, 
then the figures are 


= 26 inches. 


In Fig, 35 we have a piece of broken pulley, and we find the chords 
B to be 24 inches and the height A to be 2 inches. This becomes 
12^ + 2^ 144 4- 4 148 , 

. — _ •— — ~ — ^ ~ ~ diameter of the 

pulley is 74 inches. 

Flat-Square Method 

However, the method described is approximate only, because the 
measurement of the height will usually fall in decimals that cannot 
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be read by scale, and a very small error in tbe height will be greatly 
multiplied in the resulting diameter. For example: with a chord 
of 10 inches and a height of i inch, as in Fig. 34, an error of o.oi 
inch in the height will make a difference of about J inch in the 
diameter. Then, too, it is difficult to measure the chord accurately 




with a scale. For greater accuracy, the height should be measured 
by a depth micrometer. 

For outside measurements, a better method is to use a flat square, 
as in Fig. 36. In this case, the height i? from the surface of the 
work to the inside apex of the square multiplied by 4.8286 equals 
the diameter of the work. When great accuracy is required, as in 
sizing gear segments, an instrument having legs at an included 
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angle of 6o degrees, as in Fig/ 37, should be used. With such an 
instrument, the height H is always equal to one-half the diameter 
of the work, so that to find the diameter, the height must be multi- 
plied by two. Either of these instruments can have a micrometer 
height gage attached for greater accuracy in reading the height 
as in Fig. 38, or the height can be measured by an inside micrometer 
having a pointed rod. 

With an instrument having legs at any included angle, the cose- 
cant of half the included angle is always equal to the distance 
between the center of the work and the inner apex of the angle. 
Thus, a constant by which to multiply the height H to find the 
diameter D.can be found by subtracting i from the cosecant of 
half the included angle and dividing 2 by the remainder, thus: 

2 

cosecant angle ^ — i 

Example. — In an instrument having legs at an included angle of 

90 degrees, as in Fig. 36, the 
G angle A is. 45 degrees, the 

r -"-.-— .Disk cosecant of which is 1.4142. If 

\ height H is 0.4142 inch, then 

V / j \ ^ ^ 

\^T-kctdius height (0.4142 inch) multiplied 

^ bv 4.S286 = 2 inches, and this 

} T ( is the diameter of the work. 

: . In an instrument having legs 

F/ex/hJe sccf/e-'d^ at an included angle of 60 de- 
grees, as in Fig. 37, the angle A 
is 30 degrees, the cosecant of 
which is 2. If the height is I 

inch, then = 2, and the 

,'2 I , 

height (i inch) multiplied by 
2 = 2 inches, which is the diam- 
eter i) of the work. 

When using such instruments 
Fig, 30 for very accurate work, it is 

^ always well to calibrate them by 

a gage or a disk of known diameter and as near the size of the 
possible. 


Another Method 

method, suggested by Charles Kugler, is to stand the 

T>i * - ^ P^ate, as in Fig. 39. 

Hace two pieces of drill rod in the plate in contact with the face of 
me fragment, as shown in the illustration, and fasten them to the 
plate with a few drops of solder. Remove the fragment and 
measure tlm distance across the pieces of drill rod with a micrometer. 
Iwet A - the micrometer measurement across the pieces of drill rod 
r the radius of the drill rod. 
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■■ „ ■ 

Then ^= 7 / 

Since lines drawn through the points CDF form a right-angle 
triangle, the formula can be proved as follows: 

(CFY ^ (CDy + {DF)\ 
and CF 

CD ^ R- DE, or CD ^ R - r. 
{Rj^ry - (ie - 
R^ + 2 Rr -\~r^ = - 2 Rr -^-r^ 

»2 

Therefore aEy — B^ and R = — 

AT 

If the fragment is that of a gear, having found the diameter of 
the whole by multiplying the radius by 2, the diametral pitch can 
be found by placing the fragment on such a gear chart as can be 
found in the Brown and Sharpe small- tool catalog. Having these 
two items, all other data can be calculated. In the absence of a 
gear chart, two points, such as are included in the dimension 5 , 
are selected at random and are measured with a flexible scale, and 
the number of teeth between them is counted. 

Let = the circumference of the gear. 

S ~ the distance between the two points on the periphery. 

F = the number of teeth in the distance S. 

W = the ratio between the circumference and the distance S, 

Then ff == W, and^ W X F = the number of teeth in the whole 
gear, because the ratio between the circumference of the gear and 
the distance S is the same as that between the number of teeth in 
the distance 5 and the number of teeth in the gear. With the out- 
side diameter of the gear and the number of teeth known, all other 
data can be easily found. 

This method will be found very useful in job shops which replace 
broken gears. 

PROPERTIES OF REGULAR FIGURES 
The Circle 


A circle is a continuous curved line having every point at an equal 
distance from the center. 

or circumference, is always* 3.14159265359 times the 
diameter, although 3.1416 is generally used and 3^- is a very close 
approximation. 

Area equals the diameter squared X 0*7854, or half the diameter 
squared X 3. 1416, or half the diameter X half the circumference. 

Diameter of a square having equal area = diameter of circle X 
0.886 very nearly. 



I2 i 8 


SHOP TRIGONOMETRY 


Triangle 

An equilateral triangle is a regular figure having three equal sidf^Q 
and three equal angles of 6o degrees each. 

^de 0.866 X the diameter of enclosing circle. 

, Distance horn ont side to opposite point = the side X o 866 
diameter of enclosing circle X 0.75, or inside circle X i| ’ ^ 
^ Diameter oi enclosing circle = the side X 1.1546, or ’i4 y die 
tance from side to point or twice inside circle. 

Powder of inside circle = side X 0.5774 or fthe enclosing circle 

Mea = one side multiplied by itself and by 0.433013. ^ 
Diameter of circle having equal area = side of triangle X 0.73. 

The Square 

A square is a figure with four equal sides and four equal andeci 
of 90 degrees. 

Perimeter, or outside surface, is four times the length of one side 
side X the other, which is the same as multiplying 
by Itself or “squaring.*’ ^ 

Diagonal, or “long diameter,” or “distance across corners ” 
— me side X 1.414, ’ 

Are(^oi circle that will go inside the square = one side X itself 
X 0.7854, or 0.7854 X the area of the square. 

_ Area oi circle that will just enclose the square = diagonal X 
itsdf X 0.7854, or 1.27 X the area of the square. 

D^eier^ of a circle having an equal area = 1.126, or practically 
X the side of the square. 

The Hexagon 

A hexagon is a regular figure with six equal sides and six equal 
angles^of 120 degrees. It can be drawn inside a circle by soacing 
around with the radius of the circle. . 

= J the diameter of enclosing circle. 

Long diameter = diameter of enclosing circle, or twice the length 
of one side. ^ 

Short diameter - the long diameter X 0.866, or 1.732 X one side 
Area = one side X itself X 2.5981. 

Area of enclosing circle = one side X itself X 3.1416. 

Mea of an inside circle ~ the short diameter X itself X o 7854 
di^etef^^ having equal area-= practically 0.9 X long 

The Octagon 

An octagon is a regular figure with eight equal sides and eight 
equal angles of 135 degrees. ® 

Side ~ the long diameter X 0.382, 

Side = the short diameter X 0.415. 

Long diameter = diameter of enclosing circle, or one side X 2.62. 
Short diameter - the long diameter X 0.93, or one side X 3.414. 
Area - one side X itself X 4.8284. ^4 4. 

Area of enclosing circle == 1.126 X area of octagon. 

;^rea of mside circle =^ 0,972 X area of octagon. 
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1.81524 
1.81399 
I.S1274 
1.81150 
1.81025 
1.80901 

1.80777 

1.80653 

1.80529 

1.8040s 

•SS 43 I 

•55469 

•55507 

•SSS 45 

•55583 

.55621 

•55659 

•55697 

.55736 

•55774 

•55812 

•55850 

.55888 

-55926 

.55964 

.56003 

.56041 

.56079 

.56117 

•56156 

•56194 

.56232 

.56270 

.56309 

•56347 

•5638s 

.56424 

.56462 

.56500 

•56539 

.56577 

.56616 

.56654 

.56693 

.56731 

.56769 

.56808 

.56846 

.56885 

.56923 

.56962 

.57000 

.57039 

.57078 

.57116 

.571SS 

.57193 

.57232 

.57271 

.57309 

.57348 

.57386 

.57425 

.57464 

*57503 

•S 7 S 4 I 

.57580 

•57619 

•57657 

.57696 

•57735 

1.80405 

1.80281 

1.80158 

1.80034 

1-79911 

1.79788 

1.7966s 

1.79542 

1-79419 

1,79296 

1.79174 

1.79051 

1.78929 

1.78807 

1.78685 

1.78563 

1.78441 

1.78319 

1.78198 

1.78077 

1-77955 

1.77834 

1.77713 

1.77592 

1.77471 

1-77351 
1.77230 
1.771 10 
1.76990 
1.76869 

1.76749 

1.76630 

1.76510 

1.76390 

1.76271 

1.76151 

1*76032 

1.75913 

1-75794 

1.7567s 
1.75556 
1.75437 
: 1.75319 

1.75200 
! 1.75082 
' 1.74964 
1.74846 
1.74728 
1.74610 
1.74492 
1.74375 

1.74257 

1.74140 

1.74022 

1.73905 

1.73788 

1.73671 

1-73555 

1.73438 

1.73321 

1. 7320s 

•57735 

•57774 

.57813 

.57851 

.57890 

.57929 

.57968 

.58007 

.58046 

.58085 

.58124 

.58162 

.58201 

.58240 

•58279 

.58318 

.58357 

.58396 

.58435 

.58474 

•58513 

.58552 

.58591 

.58631 

.58670 

.58709 

.58748 

.58787 

.58826 

.58865 

.58904 

.58944 

.58983 

.59022 

.59061 

.59101 

.59140 

.59179 

.59218 

.59258 

.59297 

.59336 

•59376 

•59415 

.59454 

•59494 

•59533 

.59573 

.59612 

.59651 

.59691 

.59730 

•59770 

.59809 

.59849 

.59888 

.59928 

.59967 

.60007 

.60046 

.60086 

1.7320s 
1. 73089 

1.72973 

1.72857 

1.72741 

1.72625 

1.72509 

1.72393 

1.72278 

1.72163 

1.72047 

I.71932 

1.71817 

1. 7 1 702 
1.71588 
1.71473 
1.71358 
1,71244 
1.71129 
1.7 1015 
1.70901 
1.70787 

1.70673 

1.70560 

1.70446 

1.70332 

1.70219 

1.70106 

1.69992 

1.69879 

1.69766 

1.69653 

1.69541 

1.69428 

1.69316 

1.69203 

1.69091 

1.68979 

1.68866 

1.68754 

1.68643 
1.68531 
1.68419 
1.68 308 

1. 68 1 q6 
1.6S085 

1.67974 

1.67863 

1.67752 
1.67641 , 
1.67530 1 
1.67419 

1.67309 

1.67198 

1.67088 

1.66978 

1.66867 

1.66757 

1.66647 

1.66538 

1.66428 

.60086 

.60126 

.60165 

.60205 

.60245 

.60284 

.60324 

.60364 

.60403 

.60443 

.60483 

.60522 

.60562 

-60602 

.60642 

.60681 

.60721 

.60761 

.60801 

.60841 

.60881 

.60921 

.60960 

.61000 

.61040 

.61080 

,61120 

.61160 

.61200 

.61240 

.61280 

.61320 

.61360 

.61400 

.61440 

.61480 

.61520 

.61561 

.61601 

.61641 

.61681 

.61721 

.61761 

.61801 

.61842 

.61882 

.61922 

.61962 

.62003 

.62043 

.62083 

.62124 

,62164 

,62204 

.62245 

.62285 

.62325 

.62366 

.62406 

.62446 

.62487 

1.66428 

1.66318 

1.66209 

1.66099 

1.65990 

1.65881 

1*65772 

1.65663 

1.65534 

1-65445 

1.65337 

1.65228 

1.65120 

1.65011 

1.64903 

1.6479s 

1.64687 

1-64579 

1.64471 

1-64363 

1.64256 

1.64148 

1.64041 

1.63934 

1,63826 

1.63719 

1.63612 

1.63505 

1.63398 

1.63292 

1.63185 

1.63079 

1.62972 

1.62866 

1.62760 

1.62654 

1.62548 

1.62442 

1.62336 

1.62230 

1.62125 

1.62019 

1.61914 

1.61808 

1.61703 

1.61598 

1.61493 

1.61388 

1.61283 

1.61179 

1.61074 

X. 60970 
1.60865 
1.60761 
1.60657 
1.60553 
1.60449 

1.6034s 

1 .60241 
1.60137 
1-60033 


Co-TAN, 

6 

Tan. 

1® 

Co-TAN. 

6 

Tan. 

0® 

CO“Tan. 

61 

Tan. 

9® 

Co-TAN. 

6 

Tan. 

8® 
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32® 11 

33° 11 

34® Ii 

35® 1 


* 

Tan., 

CO-TAN. 

Tan. 

Co-tan. 

Tan. 

CO-XAN. 

Tan. 

Co-TAN. 

r 

' — 

,62487 

1.60033 

.64941 

1.53086 

.67451 

1.48256 

.70021 

1.4281s 

60 

I 

.62527 

1*59930 

.64982 

1.53888 

.67493 

1.48163 

.70064 

X.42726 



.62568 

1.59826 

.65023 

1.53791 

.67536 

1.48070 

.70107 

1.42638 

58 


.62608 

1.59723 

.65065 

1.53693 

.67578 

1-47977 

.70151 

1.42550 

57 

A 

.62649 

1.59620 

.65106 

1. 53595 

.67620 

1.4788s 

.70194 

1.42462 

56 


.62689 

1.59517 

.65148 

1. 53497 

.67663 

1.47792 

.70238 

1.42374 

55 

i 

.62730 

1.59414 

.65189 

1.53400 

.67705 

1.47699 

.70281 

1,42286 

■•54 

7 

.62770 

1.59311 

.65231 

1.53302 

.67748 

1.47607 

.70325 

1.42198 

S 3 

8 

.62811 

1.59208 

•65272 

1.53205 

•67790 

1.47514 

.70368 

1.42 HO 

52 

g 

.62852 

1.59105 

.65314 

1.53107 

.67832 

1.47422 

.70412 

1.42022 

51 

10 

.62892 

1-59002 

.65355 

1.53010 

.67875 

1.47330 

•70455 

1.41934 

SO 

II 

•62933 

1.5S900 

.65397 

1.52913 

.67917 

1.47238 

.70499 

1.41847 

49 

12 

.62973 

1.58797 

.65438 

1,52816 

.67960 

1.47146 

.70542 

1.41759 

48 


.63014 

1.58695 

.65480 

1.52719 

.68002 

1.47053 

.70586 

1.41672 

47 

13 

14 

.63055 

1.58593 

.65521 

1.52622 

.68045 

1.46962 

.70629 

1.41584 

46 

IS 

.63095 

1.5S490 

.65563 

1.52525 

.68088 

1.46870 

.70673 

1.41497 

45 

16 

.63136 

1.58388 

.65604 

1.52429 

.68130 

1.46778 

.70717 

I.4I409 

44 

17 

.63177 

1.58286 

.65646 

1.52332 

.68173 

1,46686 

.70760 

1.41322 

43 

18 

.63217 

1.58184 

.65688 

1.52235 

.68215 

1.46595 

.70804 

1.41235 

42 

19 

.63258 

1.58083 

.65729 

1.52139 

.68258 

1.46503 

,70848 

1.41148 

41 

so. 

.63299 

1.57981 

.65771 

1.52043 

.68301 

1.46411 

.70891 

1.41061 

40 

SI 

.63340 

1.57879 

.65813 

1.51946 

.68343 

1.46320 

.70935 

1.40974 

3 ? 

S 2 

.63380 

1.57778 

.65854 

1.51850 

.68386 

1.46229 

.70979 

1.40887 

38 

S 3 

.63421 

1.57676 

.65896 

1.51754 

.68429 

1.46137 

.71023 

1.40800 

37 

24 

.63462 

I.S 7 S 7 S 

.65938 

1.51658 

.68471 

1.46046 

.71066 

1.40714 

36 

25 

.63503 

1 . 5 7474 

.65980 

1.51562 

.68514 

1. 45955 

.71110 

1.40627 

35 

26 

.63544 

1*57372 

.66021 

1.51466 

.68557 

1.45864 

.71154 

1.40540 

34 

27 

.63584 

1.57271 

.66063 

1.51370 

.68600 

1.45773 

.71198 

1.40454 

33 

28 

.63625 

1.57170 

.66105 

1.51275 

,68642 

1.45682 

.71242 

1.40367 

32 

2p 

.63666 

1.57069 

.66147 

1.51179 

,6868s 

1.45592 

.71285 

1.40281 

31 

30 

.63707 

1.56969 

.66189 

1.51084 

.68728 

1.45501 

.71329 

1.40195 

30 

31 

.63748 

1.56868 

.66230 

1.50988 

.68771 

1.45410 

.71373 

1.40109 

29 

32 

,63789 

1.56767 

.66272 

1.50893 

.68814 

1 1.45320 

.71417 

1.40022 

28 

33 

.63830 

1.56667 

.66314 

1.50797 

.68857 

1.45229 

.71461 

1.39936 

27 

34 

.63871 

1.56566 

.66356 

1.50702 

.68900 

1.45139 

.71505 

1.39850 

26 

35 

,6391a 

1.56466 

.66398 

1.50607 

.68942 

1.45049 

.71549 

1.39764 

25 

3<5 

.63953 

1.56366 

.66440 

1.50512 

.68985 

1.44958 

.71593 

1-39679 

24 

37 

.63994 

1.5626s 

.66482 

1.50417 

.69028 

1.44868 

.71637 

1 . 39 S 93 

23 

38 

.64035 

1.56165 

.66524 

1.50322 

,69071 

1.44778 

.71681 

1-39507 

22 

39 

.64076 

1,56065 

.66566 

1.50228 

.69114 

1.44688 

.71725 

1.39421 

21 

40 

.64117 

1.55966 

.66608 

1.50133 

.69157 

1.44598 

,71769 

1.39336 

20 

41 

.64158 

1,55866 

.66650 

1.50038 

.69200 

1.44508 

.71813 

1.39250 

19 

42 

.64199 

1.55766 

•66692 

1.49944 

.69243 

1,44418 

•71857 

1.3916s 

18 

43 

.64240 

1.55666 

.66734 

1.49849 

.69286 

1.44329 

.71901 

1.39079 

1/ 

44 

.64281 

1.55567 

.66776 

1.49755 

.69329 

1.44239 

.71946 

1.38994 


4 S 

.64322 

1.55467 

.66818 

1.49661 

.69372 

1. 44149 

.71990 

1.38909 

15 

46 

.64363 

1.55368 

.66860 

1.49566 

.69416 

1.44060 

.72034 

1.38824 

24 

47 

.64404 

1.55269 

.66902 

1.49472 

.69459 

1.43970 

.72078 

1.3873B 

13 

48 

.64446 

1.55170 

.66944 

1.49378 

.69502 

1.43881 

.72122 

1.38653 

12 

49 

.64487 

1.55071 

.66986 

1.49284 

-69545 

1,43792 

,72166 

1.38568 

11 

SO 

.64528 

1.54972 

.67028 

1.49190 

.69588 

1.43703 

.72211 

1.38484 

10 

SI 

.64569 

1.54873 

.67071 

1.49097 

.69631 

1.43614 

.72255 

1.38399 

0 

52 

.64610 

1-54774 

.67113 

1.49003 

.69675 

1.43525 

.72299 

1.38314 

8 

S 3 

.64652 

1.5467s 

.67155 

1.48909 

.69718 

1.43436 

.72344 

1. 38229 

7 

54 

.64693 

1.54576 

.67197 

1.48816 

.69761 

1-43347 

•72388 

1.38145 

6 

S 5 ' 

•64734 

1.54478 

.67239 

1,48722 

.69804 

1.43258 

.72432 

1 .38060 

5 

56 

•64775 

1.54379 

.67282 

1,48629 

.69847 

1.43169 

.72477 

1.37976 

4 

'' ' 57 . 

.64817 

,.1.54281 

.67324 

1.48536 

.69891 

1.43080 

.72521 

1.37891 

3 

S8 

.64858 

1.54183 

.67366 

1.4S442 

.69934 

1.42992 

.72565 

1.37807 

2 

59 

.64899 

1.5408s 

.67409 

1.48349 

.69977 

1.42903 

.72610 

1.37722 

I 

60 

•64941 

1.53986 

.67451 

1.48256 

.70021 

1.42815 

.72654 

1.37638 

0 

■■■ 7 ' 

CO“TAN 

Tan- 

C0>TAN, 

, Tan. 

CO-TAN 

.1 Tan, 

Co-tan, 

Tan. 

/ 


i 


ii 56® 

11 56® 

11 540 
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SHOP TRIGONOMETRY 


36 “ ! 

Tan. I Co-tan. ] 


•72743 1-37470 

.7278S 1,37386 


i.3r63r ,73355 

I -37554 •*75401 
1-37470 .73447 

1-37386 .73492 

1-37302 .73538 


.70175 
1.32544 .78222 

1.32464 .78269 


-^.23490 

1.23415 


^•23490 5o 


/ ./Ajyw J. .37050 

8 .73010 1.36967 

9 *73055 1.36883 

10 .73100 1.36800 

11 .73144 1.36716 

12 .73189 1.36633 

13 -73234 1-36549 

14 .73278 X -36466 

15 -73323 1-36383 

16 .73368 1.36300 

17 .73413 1.36217 

18 -73457 1.36133 

19 -73502 1.36051 

ao .73547 1.35968 


.75504 1.32304 
1*37134 *75629 1.32224 


, j. .5.5004 .70504 

, 1.31984 .78551 

1.31904 .78598 


•/5y5'-' X. 31000 

.75^^6 1.31586 

.76042 1.31507 

,76088 1.31427 

.76134 1.31348 


1.27841 .81075 1.23343 ll 

1.27764 .81123 i.2«,o r 
1.27688 .8117! 57 

1.27611 .81220 1.23123 55 

1.27535 .81268 1.230S0 ?! 

1.27458 .81316 1.2I9!, 

1.27382 .81364 S3 

1.27306 .81413 1.22831 !! 

1.27230 .81461 1.24718 jo 

1.27153 81510 1.2268s 40 
1.27077 .8155S 1.22612 S 

I41700I .81606 1.22530 !, 

.81655 1.22467 % 

1.26849 81703 1.2439^ 


' .73592 1.35885 

.73637 1-35802 


1.36133 .76180 1.31269 
1-36051 .76226 1.3 1 190 

1.35968 .76272 I.3IHO 

1.35885 .76318 I.3IO3I 

1-35802 .76364 1.30952 

1-35719 .76410 1.30873 
1-35637 -76456 1.30795 
1*35554 .76502 1.30716 

1-35472 .76548 1.30637 

1-35389 .76594 1-30558 

1-35307 .76640 1.30480 

1.35224 • .76686 1.30401 

1.35142 .76733 1.30323 

1.35060 .76779 ■ 1-30244 

1*34978 .76825 1.30166 


.01703 
1.26774 .81752 

1.26698 .81S0O 


.79022 1.26546 

.79070 1,26471 

.79117 1.2639s 

.79164 1.26319 


.70025 

I 1.. 34896 .76871 
t 1.34814 .76918 


•^*^0595 .01995 

1.26319 ,82044 
1.26244 .82092 

1.26169 .82141 

1.26093 .82190 

1.26018 .82238 

I -25943 .82287 
1.25867 .82336 
1.25792 .82385 

1.25717 .82434 

' x.2564i! .82483 

1 t> 


.79591 1.25642 

-79639 1-25567 

.*1 


1-34732 .76964 

1.34650 1 .77010 
1.34568 *77057 


.76964 1.29931 

.77010 1.29853 


1.30009 .79734 

1-29931 .79781 


1.22685 49 
1.22612 48 
I *22539 47 

1-22467 46 

^•22394 45 

^*22321 44 

1.22249 43 
1.22176 42 
1.22104 41 
1-22031 40 

1.21959 3 p 

1.21886 38 

I 1.21814 37 

1.21742 36 

1.21670 35 

3^-21598 34 

1.21526 33 

1*21454 32 
1.21382 31 

1-21310 30 

1.21238 29 
1.21166 28 


.74402 1. 34405 .77149 

-74447 1-34323 .77196 

.74492 1.34242 .77242 

•74538 1.34160 .77289 

.74583 1-34079 .77335 

.74628 1.33998 .77382 

.74674 1.33916 .77428 

.74719 1-33835 *77475 

.74764 1.33754 .77521 

.74810 1.33673 .77568 
•74855 1.33592 .77615 
.74900 1. 335 II .77661 

.74046 1.33430 .777081 
.74991 1.33349 .77754 I 
.75037 1.3326S .77801 

, .75082 1.33187 .77848 


1-29775 .79877 

1.29696 .79924 

1.29618 .79972 

1.29541 .80020 

1.29463 .80067 

1.29385 .80115 

1.29307 .80163 


.79734 1.25417 

.79781 1.25343 

.79829 1.25268 


I.2II00 28 

1.25492 .82580 1.21094 27 
1.25417 .82620 A 


.80067 1.24895 

.80115 1.24820 


•7 / 

.77661 1.28764 

•77708 1.28687 

.77754 1.28610 

.77801 1.28533 


.75128 1.33x07 


.752x9 X.32946 .77988 1.28225 .80834 1.2i7ici 

.75264 1.32865 .78035 1.28148 .80882 1.2363? 

.75310 1.32785 .78082 1.28071 .80930 I.2«6^ 

•75355 1.32704 .78129 1.27994 .80978 1.2^400 


X -33026 .7794 T 


1.29307 .80163 1.24746 

1.29229 .80211 1.24672 

1.29152 .80258 1.24597 

1.29074 .80306 1.24523 

1.28997 .80354 1.24449 

1,289x9 .80402 1.24375 

X. 28842 .80450 T.24301 

1.28764 .80498 1,24227 

1.28687 .80546 1.24153 

1.28610 .80594 1.24079 

1 -28533 .80643 1.24005 

1,28456 .80690 1.23931 

1.28379 .80738 1.23858 

1.28302 .80786 1.23784 

1.28225 .80834 1.23710 


.02074 
1.24969 .82923 

1.24895 .82972 

1.24820 .83022 


Co-TAN.' Tan. 


Co-TAN. I Tan. 

II 52 ® 


1.20071 .00930 1.23563 
1.^7994 .80978 1.23490 


1.21023 26 

1.20951 25 
1.20879 24 

1.20808 23 

1.20736 22 
1.20665 21 

1.20593 20 

1.20522 19 

1.20451 18 

1.20379 17 

1.20308 16 

1.^0237 15 

1.20166 14 

1.2009s 13 

1 .20024 12 

1.19953 II 

1.19882 10 

1.T9811 9 

1.19740 8 

1.19669 7 

1 .19599 6 
1.19528 s 
1.19457 4 

1.19387 3 

1.19316 A 
1.19246 1 

1.1917s o 


Co-TAN, I Tan. 

5 P 


Co-TAN. I Tan. 

i 50 ® 
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40° 1 

41° I 

42° 1 

43° 


t . 

Tan. " 

Co-tan. 

Tan, 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 


0 

.83910 

1.19175 

.86929 

1.15037 

.90040 

i.rio6i 

.93252 

1.07237 

60 

I 

. 830 < 5 o 

1.19105 

,86980 

1.14969 

.90093 

1.X0996 

.93306 

1.07174 

59 

3 

.84000 

1*19035 

•87031 

1.14902 

.90146 

1.10931 
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•99945 

•05059 

.99872 

.06802 

.99768 

,08542 

•9963s 

6 

ss ■ 

•03345 

.99944 

,05088 

.99S70 

.06831 

.99766 

.08571 

.99632 

S 

■S6 ■ 

•03374 

•99943 

.05117 

.99869 

.06860 

.99764 

.08600 

.99630 

4 

S 7 

.03403 

.99942 

.05146 

.99867 

.06889 

.99762 j 

.08629 

.99627 

3 

S8 

.03432 

.99941 

•0517s 

.99866 

.06918 

,99760 

.08658 

.99625 

2 

59 

x>346i 

•99940 

.05205 

.99864 

.06947 

•99758 

.08687 

.99622 

■'I 

60 

.03490 

•90939 

•05234 

-99863 

.06976 

.99756 

.08716 

.99619 

c 


Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

. ' Sine 



1 88® 

r 87 ® : 

1 86® 

8 
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0 .08716 

1 .08745 
a .08774 

3 .08803 

4 .08831 

5 .08860 

6 .08889 

7 .08918 

8 .08947 

P .08976 

10 .09005 

11 .09034 
X2 .09063 

13 .09092 

14 .09121 
X5 .09150 

16 .09179 

17 .09208 
x8 .09237 

19 .09266 

80 .09295 

21 .09324 

*2 .09353 

23 .09382 

24 VO9411 

25 .09440 

20 .09469 

27 .09498 

28 .09527 

29 .09556 

30 .09585 

31 .096x4 

32 .09642 

33 .09671 

34 .09700 

35 .09729 

36 .09758 

37 .09787 

38 .09816 

39 .09845 

40 .09874 

41 .09903 

42 .09932 

43 .09961 

44 .09990 

45 .10019 

46 .10048 

47 .10077 

48 .10106 

49 .10135 

50 .10164 

SX .10192 
58 .10221 

53 .10250 

54 .10279 

55 .10308 

56 .10337 

57 .10366 

58 .10395 

59 .10424 

60 .10453 


5 ® 

Cosine 

e 

Sine 

•99619 

•10453 

.99617 

.10482 

.99614 

.10511 

.99612 

.10540 

.99609 

.10569 

.99607 

.10597 

.99604 

,10626 

.99602 

.10655 

•99599 

.10684 

.99596 

.10713 

.99594 

.10742 

•99591 

.10771 

.99588 

,io8ob 

.99586 

.10829 

.99583 

.10858 

.99580 

.10887 

.99578 

.10916 

.99575 

.10945 

•99572 

.10973 

.99570 

.11002 

.99567 

.11031 

.99564 

.11060 

.99562 

.11089 

.99559 

.11x18 

•90556 

.11147 

*99553 

.11176 

-99551 

.11205 

.9954S 

.11234 

•99545 

.11263 

-99542 

.11291 

. 99 , 5'40 

.11320 

•99537 

.11349 

•99534 

.11378 

• 99 S 3 I 

.11407 

.99528 

.11436 

.99526 

,11465 

.99523 

.11494 

•99520 

.11523 

.99517 

•11552 

.90514 

.11580 

• 995 11 

.11609 

.99508 

.11638 

.99506 

.11667 

.99503 

.11696 

.99500 

.11725 

.99497 

.11754 

•99494 

.11783 

.99491 

.11812 

.99488 

1 .11840 

.99485 

1 .11860 

.99482 

.11898 

•99479 

.11927 

.99476 

.11956 

.99473 

.11985 

-99470 

.12014 

4)9467 

•12043 

.99464 

.12071 

.99461 

.12100 

•99458 

.12120 

•99455 

.12158 

*99452 

.12187 


.I2i»7 .99255 .13917 .99027 /u 

.12216 .99251 .13946 .99023 S 

.12245 .99248 .13975 ,QQoil S 

.12274 .99244 .14004 *99015 e*. 

.12302 .99240 .14033 .99011 

.12331 .99237 .14061 .9Q006 

.12360 .99233 .14090 .90002 ll 

.12389 .99230 .14119 .oSgga It 

.12418 .99226 .14148 .98994 g 

.12447 .99222 .14177 .98990 

.12476 .99219 .14205 .98986 50 

.12504 .99215 -14234 .98982 40 

-I2S33 .99211 ,14263 .98978 

.12562 .99208 .14292 .98973 tf 

.12591 .99204 .14320 .98969 46 

.12620 .99200 ,14349 .98965 45 

.12649 .99197 .1437S .98961 

.12678 .99193 .14407 .98957 4? 

.12706 ,00189 .14436 .98953 

.12735 .99186 .14464 .98948 41 

.12764 .99IS2 .14493 .98944 40 

.12^3 .99178 .14522 .98940 30 

.12822 .99175 .14551 .98936 58 

.12851 .99171 .14580 .98931 37 

.12880 .99167 .14608 .98927 36 

.12908 .99163 .14637 .98923 35 

•12937 .99160 .14666 .98919 il 

.12966 .99156 .14695 .98914 33 

•1299s .99152 .14723 .98910 32 

.13024 .99148 .14752 .98906 31 

•13053 .99144 .14781 .98902 30 

.13081 .99141 .14810 .98897 20 

.13x10 .99137 .14838 .98803 a8 

.13139 .99133 .14867 .98889 27 

.13168 .99129 .14896 .98884 26 

.13197 -99125 .14925 .98880 25 

1 .13226 .99122 .14954 .98876 24 

•13254 *99118 .14982 .98871 23 

.13283 .99114 .15011 .98867 22 

.13312 .99110 .15040 .98863 21 

•13341 .99106 .15069 .98858 20 

•13370 .9910a -15097 .98854 in 

•13399 .99098 .15126 .98849 18 

•13427 .99094 .15155 .98845 17 

•13456 .99091 .15184 .98841 16 

•1348s .99087 .15212 .98836 IS 

.13514 .99083 .15241 ,98832 14 

‘13543 *99079 .15270 .^827 13 

.13572 .99075 .15299 .98823 12 

.13600 .99071 .15327 .98818 11 

.13629 .99067 .15356 .98814 10 

.13658 .99063 .15385 .98800 9 

.13687 .99059 .154x4 .98805 8 

.137x6 .99055 .15442 .98800 7 

.13744 .99051 .15471 .98796 6 

•13773 .09047 .15500 .98791 s 

.13802 .90043 .15529 ,98787 4 

•13831 .00039 .15557 .98782 3 

*99035 .15586 *98778 2 

.13889 .99031 .15615 .^773 1; 

’I3017 .99027 .15643 .98769 o 

Cosine Sine Cosine Sine ^ 

82“ 810 
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fl® II 

1 C 

1® 

11® 11 

1 12® 1 



'SWE : 

Cosine 

L Sine 

Cosine 

Sine 

Cosine I 

Sine 

Cosine 


' — ' 

,15643 

.98769 

.17365 

.98481 

.19081 

,98163 

.20791 

.97815 

60 


.15673 

.08764 

.17393 

.98476 

.19109 

.98157 

.20820 

,97809 

59 

3 

.15701 

.98760 

.17422 

,95471 

•19138 

.98152 

,30848 

.97803 

58 


.15730 

•98755 

.17451 

.98466 

.19167 

.98146 

.20877 

•97797 

57 

3 

.15758 

.98751 

.17479 

.98461 

.1919s 

.98140 

.20905 

•97701 

56 

4 

g 

.15787 

.98746 

.17508 

.98455 

.19224 

•9813s 

•20933 

.97784 

' 55 

6 

.15816 

.98741 

.17537 

.984.50 

.19252 

.98129 

.20962 

•97778 

54 

*1 

.15845 

.98737 

.17565 

.98445 

.19281 

.98124 

,30990 

.97772 

S 3 

i 

8 

.15873 

.98732 

.17594 

.98440 

.19309 

.98118 

.21019 

•97766 

52 


.15002 

.98728 

.17623 

.98435 

.19338 

.98112 

.21047 

.97760 

51 

9 

10 

.1593 X 

.98723 

.17651 

.98430 

.19366 

.98107 

.21076 

•97754 

50 

II 

.15050 

.98718 

,17680 

.98425 

.19395 

,98101 

.21 104 

•97748 

40 

12' 

.15088 

.98714 

.17708 

.98420 

.19423 

.98096 

.21132 

.97742 

48 


.16017 

,98709 

.17737 

.98414 

.19452 

.98090 

.21161 

‘97735 

47 

14 ■' 

.16046 

.98704 

.17766 

.98409 

.19481 

.98084 

.21189 

.97729 

46 

IS 

.16074 

.98700 

.17794 

.98404 

.19509 

.98079 

.21218 

*97723 

i 45 

x6 

.16103 

.98695 

.17823 

.98399 

.19538 

.98073 

.21246 

.97717 

44 

17 

.16133 

.98690 

.17852 

•98394 

.19566 

.98067 

,21275 

•977 1 1 

43 

A 

.16160 

.98685 

.17880 

.98389 

.19595 

.98061 

.21303 

•97705 

42 

10 

.16189 

.98681 

.17909 

‘ .98383 

,19623 

.98056 

.21331 

•97698 

41 

30 

.16218 

.98676 

•17937 

1 .98378 

.19652 

.98050 

,21360 

.97692 

40 

SI '' 

.16246 

.98671 

.17966 

.98373 

.19680 

.98044 

.21388 

.97686 

30 

32 

.16275 

.98667 

.17995 

.98368 

.19709 

.98039 

.21417 

.97680 

38 

33 

.16304 

.9866a 

.18023 

.98362 

.19737 

,98033 

.21445 

•97673 

1 37 

34 

.16333 

.98657 

.18052 

.98357 

.19766 

.98027 

•21474 

.97667 

! 36 

as 

.16361 

.98652 

.18081 

.98352 

.19794 

.98021 

.2150a 

.97661 

, 35 

36 

.16300 

.98648 

.18109 

•98347 

.19823 

.98016 

.21530 

.97655 

34 

■37 

.16410 

.98643 

.18138 

.98341 

.19851 

.98010 

.21559 

.97648 

33 

38 

.16447 

.98638 

.18166 

.98336 

.19880 

.98004 

.21587 

.97642 

32 

so 

.16476 

.98633 

.18195 

.98331 

.19908 

.97997 

.21616 

•97636 

31 

30 

.16505 

,98629 

.18224 

! .98325 

.19937 

.97992 

.3x644 

.97630 

1 30 

31 

.16533 

,98624 

.18252 

,98320 

.19965 

.97987 

.21672 

.97623 

29 

32 

.16563 

.98619 

.18281 

.98315 

.19994 

.97981 

,21701 

•97617 

28 

33 

.16591 

.98614 

.18309 

.98310 

.20022 

•97975 

,21729 

.97611 

27 

34 

•,16620 

.98609 

.18338 

.98304 

.20051 

.97969 

.21758 

,97604 

26 

35 

.16648 

.98604 

.18367 

.98299 

.20079 

.97963 

.21786 

.97598 

25 

36 

,16677 

.98600 

.18395 

.98294 

.201 oS 

.97958 

,21814 

•97592 

24 

37 

.16706 

.98595 

.1S424 

,98288 

.20136 

.97952 

.21843 

•97585 

'■23 ■ 

38 

.16734 

.98590 

.18452 

.^283 

.20165 

.97948 

.21871 

•97579 

23 

39 

,16763 

.98585 

.18481 

.98277 

.20193 

.97940 

.21899 

•97573 

21 

40 

.16793 

.98580 

.18509 

.98272 

.20222 

.97934 

.21928 

.97566 

20 

4 X 

.16820 

.98575 

.18538 

.98267 

.20250 

.97928 

.21956 

.97560 

19 

43 

.16849 

.98570 

,18567 

.98261 

.20279 

.97922 

.21985 

•97553 

18 

43 

,16878 

.98565 

.18595 

.98256 

.20307 

.97918 

,22013 

•97547 

17 

44 

.16906 

.98561 

.18624 

.98250 

.20336 

.97910 

.22041 

•97541 

16 

45 

.1693s 

.98556 

.18652 

.98245 

.20364 

.97905 

.22070 

•97534 

IS 

46 

.16064 

.98551 

.18681 

.98240 

•20393 

.97809 

.22098 

.97528 

14 

47 

.16092 

.98546 

.18710 

.98234 

.20421 

.97893 

.22126 

,97521 

13 

48 

.17021 

.98541 

.18738 

.98229 

.20450 

.97887 

.22155 

.97515 

13 

49 

.17050 

.98536 

,18767 

,98223 

.20478 

.97881 

.22183 

.97508 

11 

50 

.17078 

.98531 

.18795 

,98218 

.20507 

.9787s 

.22212 

.97502 

10 

51 

.17107 

.98526 

.18824 

.98212 

.20535 

.97869 

.22240 

.97496 

9 

52 

.17136 

.98521 

.18852 

.98207 

.20563 

•97863 

.22268 

.97489 

8 

53 

.17164 

.98516 

.18881 

.98201 

•20592 

•97857 

.22297 

•97483 

7 

54 

.17193 

.98511 

,18910 

.98196 

.20620 

.97851 

.22325 

.97476 

6 

55 

.17323 

.98506 

.18938 

,98190 

,20649 

•97845 

•22353 

.97470 

S 

56 

.17250 

,98501 

.18967 

.98185 

.20677 

•97839 

.223S2 

.97463 

4 

57 

-17279 

.98406 

.18995 

.98179 

.20706 

•97833 

.224x0 

.97457 

3 

S8 

.17308 

.98491 

.19024 

.98174 

.20734 

417827 

.22438 

.97450 

2 

59 

.17336 

.98486 

.19052 

.98168 

.20763 

.97821 

.22467 

.97444 

X 

60 

-1736s 

.98481 

.10081 

.98163 

.20791 

•97815 

.22495 

•97437 

0 

. / 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine i 

Cosine 

Sine 

/ 


I 800 

1 79*^ 

11 78® 

If 77® 




13® 

' Sine 1 Cosine 

SHOP TRIGONOMETRY 

14® [ 15® 

Sine I Cosine Sine I Cosine 

1 

Sine 

5 ® 

Cosine 


... : '0 

.22495 

.97437 

.24192 

.97030 

.25882 

.96593 

.27564 

.96126 

60 

'V 1 

.22523 

•97430 

.24220 

.97023 

.25910 

.96585 

.27592 

.96118 

■' S 9 
58 
57 
S6 

ss 

54 

S 3 

Sa 

SI 

2 

.22552 

.97424 

.24249 

.970IS 

.25938 

.96578 

.27620 

.96110 

3 " 

.22580 

.97417 

.24277 

.97008 

.25966 

.96570 

.27648 

•96102 

■ : ■■ 4 

.22608 

.97411 

•2430s 

.97001 

.25994 

.96562 

.27676 

.96094 

S 

.22637 

.97404 

.24333 

.96994 

.26022 

.96555 

.27704 

•96086 

■ 6 

.22665 

.97398 

.24362 

.96987 

.26050 

•96547 

.27731 

.96078 

7 

.22693 

.97391 

•24390 

.96980 

.26079 

.96540 

.27759 

.96070 

8 

.22722 

•97384 

.24418 

.96973 

.26107 

•96533 

.27787 

.96062 

9 

.22750 

.97378 

.24446 

.96966 

.26135 

•96524 

.27815 

•96054 

lO 

.22778 

.97371 

.24474 

.96959 

.26163 

.96517 

.27843 

•96046 

SO 

II 

.22807 

•9736s 

.24503 

.96952 

.26191 

.96509 

.27871 

•96037 

49 

■ 12 

.22835 

•97358 

•24531 

.96945 

.26219 

.96502 

.27899 

•96029 

48 

13 

.22863 

•97351 

.24559 

.96937 

.26247 

.96494 

.27927 

.96021 

47 

14 

.22892 

.97345 

.24587 

.96930 

.26275 

.96486 

.27955 

.96013 

46 

IS 

.22920 

•97338 

.24615 

.96923 

.26303 

.96479 

.27983 

.96005 

45 

i6 

.22948 

.97331 

.24644 

.96916 

.26331 

.96471 

.28011 

•95997 

44 

17 

.22977 

.97325 

.24672 

.96909 

.26359 

.96463 

.28039 

•95989 

43 

i8 

-23005 

.97318 

.24700 

.96902 

.26387 

.96456 

.28067 

•95981 

42 

19 

.23033 

.97311 

.24728 

.96894 

.26415 

.96448 

,2809s 

•95972 

■' 41 ', 

20 

.23062 

•97304 

.24756 

.96887 

.26443 

.96440 

,28123 

*95964 

40 

■,2I 

.23090 

.97298 

.24784 

.96880 

.26471 

•96433 

.28150 

.95956 

39 

22 

.23118 

.97291 

.24813 

.96873 

.26500 

.96435 

.28178 

•95948 

38 

23 

.23146 

.97284 

.24841 

.96866 

.26528 

.96417 

.28206 

•95940 

37 

'■ ;'24 

.23175 

.97278 

.24869 

.96858 

.26556 

.96410 

,28234 

•95931 

36 

25 

.23203 

.97271 

.24S97 

.96851 

.26584 

.96402 

.28262 

.95923 

35 

26 

.23231 

.97264 

.24925 

.96844 

.26612 

.96394 

.28290 

•95915 

34 

27 

.23260 

*97257 

•24954 

.96837 

.26640 

.96386 

.28318 

.95907 

33 

28 

.23288 

.97251 

.24982 

.96829 

,26668 

.96379 

.28346 

.95898 

32 

29 

.23316 

.97244 

.25010 

.96822 

.26696 

.96371 

.28374 

.95890 

31 

■ 30 

.23345 

.97237 

.25038 

.96815 

.26724 

.96363 

,28402 

.95882 

30 

31 

.23373 

.97230 

.25066 

.96807 

.26752 

•96355 

.28429 

.95874 

29 

33 

.23401 

.97223 

.25094 

.96800 

.26780 

•96347 

.28457 

.95865 

28 

33 

.23429 

.97217 

.25122 

.96793 

.26808 

.96340 

.28485 

.95857 

27 

! ■ 34 

.23458 

.97210 

.25151 

.96786 

.26836 

.96332 

.28513 

.95849 

26 

35 

.23486 

.97203 

.25179 

.96778 

.26864 

.96324 

.28541 

.95841 

25 

36 

.23514 

.97196 

.25207 

.96771 

.26892 

.96316 

.28569 

.95832 

24 

37 

•23542 

.97189 

.25235 

.96764 

.26920 

.96308 

.28597 

.95824 

23 

38 

.23571 

.97182 

.25263 

.96756 

.26948 

.96301 

.28625 

.95816 

22 

39 

.23599 

.97176 

.25291 

.96749 

.26976 

.96293 

.28652 

.95807 

21 

40 

.23627 

.97169 

.25320 

.96742 

.27004 

.96285 

.28680 

*95799 

20 

1 ^ 41 

.23656 

.97162 

.25348 

•96.734 

.27032 

.96277 

.28708 

•95791 

19 

! 42 

.23684 

•97 155 

•25376 

.96727 

.27060 

.96269 

.28736 

.95782 

18 

; 

.23712 

.97148 

.25404 

.96719 

.27088 

.96261 

.28764 

.95774 

17 

j ^ . 44 

.23740 

.97141 

.25432 

.96712 

,27116 

.96253 

.28792 

.95766 

16 

1 45 

.23769 

.97134 

.25460 

.96705 

.27144 

.96246 

.28820 

.95757 

15 

1 46 

.23797 

.97127 

.25488 

.96697 

.2717a 

.96238 

.28847 

•95749 

14' 

47 

.23825 

.97120 

.25516 

.96690 

.27200 

.96230 

.28875 

.95740 

13 

1 48 

.23853 

.97113 

.25545 

.96682 

.27228 

.96222 

.28903 

•95732 

12 

49 

.23882 

.97106 ! 

.25573 

.96675 

.27256 

.96214 

.28931 

.95724 

11 

50 

.23910 

.97100 j 

.25601 

.96667 

,27284 

.96206 

.28959 
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.77494 
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34 

27 
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.62206 

•78297 

.63563 

.77199 

.64901 

.76078 

32 

29 

•60853 

•79353 

.62229 

.78279 

•6358 s 

.77181 

.64923 

.76059 

31 

30 
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26 
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36 
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.74780 

.67688 
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.68962 

.72417 
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24 

37 

.66414 

.74760 

,67709 

•73590 

.68983 

.72397 

.70236 
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23 
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.66436 

.74741 

.67730 
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.69004 
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.66458 

.74722 
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.69067 
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.66523 

.74664 

.67816 

•73491 

.69088 

.72297 

.70339 

.71080 
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43 
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,,•74644 

.67837 

.73472 

.69109 

.72277 

.70360 

.71059 

17 

44 
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.74625 
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•73452 
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.70381 
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16 

45 

.66588 
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•73432 
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.72236 
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.66610 

.74586 
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•73413 
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.72216 

.70422 
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.67923 

•73393 
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13 
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.74509 

.67987 
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.74353 
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53 

28 

1.4012 

1.4276 

32 

48 

1.4093 

1,4192 

13 

8 

1.3933 

1.4361 

52 

29 

1.4016 

1.4271 

31 

49 

1.4097 

1.4188 

11 

9 

1.3937 

1*4357 

SI 

30 

1.4020 

1.4267 

30 

SO 

1.4101 

1.4183 

10 

10 

I •3941 

1.4352 

SO 

3 ? 

1.4024 

1.4263 

. 29 

SI 

1.4105 

1.4179 

9 

11 

1.394s 

1.4348 

49 

32 

1.4028 

1.4259 

28 

52 

1. 4109 

1.4175 

S 

12 

1.3949 

1.4344 

48 

33 

r.4032 

1.4254 1 

27 

53 

1. 41 13 

1.4171 


13 

1. 3953 

1.4339 

47 

M 

1.4036 

1.4250 

26 

54 

1.4117 

1.4167 

6 

14 

1.3957 

; 1-4335 

46 

35 

1.4040 

1.4246 

25 


1. 41 22 

1.4 163 

5 

15 

1.3960 

1-4331 

45 

36 ! 

1.4044 

1.4242 

24 

56 

1.4126 

1.4159 

4 

16 

1.3964 

1.4327 

44 

3Z 

1.4048 

1.4238 1 

23 

57 

1.4130 

1.4154 

3 

17 

1.3968 

1.4322 

43 


1.4052 

1.4233 

22 

58 

1.4134 

1.4150 

2 

18 

1.3972 

1.4318 

42 

39 

1,4056 

1.4229 1 

21 

59 

1.4138 

1.4146 

t 

*9 

1.3976 

1.43 14 

41 

40 

1.4060 

1.422s 

20 

60 

1.4x42 

1.4142 

0 

90 

1.3980 

1.4310 

40 
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SINES OF SECONDS 

It is convenient at times to use a table of sines of seconds to avoid having 
to interpolate for values between even minutes in a table of sines. Thus if 
we have an angle of lo degrees, 30 minutes, 22 seconds, we can take the value 
for 10 degrees 30 minutes (0.18224) directly from the regular table of sines, 
then under this table of sines of seconds find the sine of 22 seconds (0,000106) 
which, added to 0.18234, gives us 0.18225 as the sine of the above angle. 

SINES OF SECONDS 


Seconds 

Sine 

Seconds 

Sine 

Seconds 

Sine 

I 

0 . 0000048 

. 21 

0 .0001018 

41 

0.0001987 

2 

0.0000096 

. 22 

0.0001066 

42 

0.0002036 

3 

0.000014s 

23 

o.oooiiis 

43 

0.0002084 

4 

0,0000193 

24 

0.0001163 

44 

0.0002133 

S 

0.0000242 

25 

0.0001212 

45 

0,0002181 

6 

0.0000290 

^26. 1 

0.0001260 

46 

0.0002230 

7 

0 . 0000339 

27 

0.0001309 

47 

0.0002278 

8 

0,0000387 

. ■ 28 

0,0001367 

48 

0.0002327 

9 

0.0000436 

29 1 

0.0001406 

49 

0.000237s 

10 

0.0000484 

30 

0,0001454 

SO 

0.0002424 

II 

0.0000532 

31 

0 . 0001502 

51 

0.0002472 

12 

0.0000581 

32 

O.OOOISSl 

■■■ ■S2-. 

0.0002521 

13 

0.0000630 

33 1 

0.000 I 599 

S 3 

0.0002569 

14 

0.0000678 

34 '' 1 

0.0001648 

54 

0.0002618 

15 

0.0000727 

■ 35 ! 

0.0001699 

55 

0,0002666 

16 1 

0.0000775 

36 1 

0.000174s 

56 

0.000271s 

17 : 

0,0000824 

■ ''37 '■ i 

0.0001793 

57 

0.0002763 

18 

0,0000872 

38 

0.000x842 

58 

0.0002811 

19 

0.0000921 

39 

0.0001890 

59 

0.0002860 

20 

0.Q006969 

40 

0.000x939 

60 

0.0002908 


Note.— 'For angles above 20 degrees the following values can be taken for 
the sine of i second if increased accuracy. is required: 20 to 30 degrees, 
0.0000045; 30 to 40 degrees, 0.0000038; 40 to go degrees, 0.0000033; so to 
60 degrees, 0,0000026. Multiply the given constant by the number of 
seconds in the problem. 
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A 

Aero-thread — system for use in soft metals in which a helical steel 
coil is used between the tapped hole and the stud. 

Allowance— Desired difference in dimensions of mating parts. 
A working clearance not to be confused with tolerance. 

Angle Irons or Plates— Usually castings, for holding work at any 
desired angle to the cutting tool. Made for use on the face- 
plate of a lathe or table of milling machine, planer, boring 
mill, etc. 

Anvils — Blocks of iron or steel on which 
metals are hammered or forged. 
Usually have a steel face. A square 
hole is usually provided for holding 
hardies, fuller blocks, etc. 

Apron— A protecting or covering plate that encloses any mecha- 
nism, such as the apron of a lathe. 

Arbor— A shaft or bar for holding cutting tools. Frequently has a 
__ taper shank fitting the spindle of a 

r V ' " machine. The term was formerly used 

■ ' ' ' interchangeably with “ mandrel” on which 

is held. See Mandrel. 

■■ ' B,' 

Babbitt Metal — -A general name applied to soft bearing metals. 
Named after man who devised a good tin and copper alloy. 
Antimony and lead are also frequently used in small quantities 
in the mixture. 

Back Lash — ^Lost motion in moving parts, such as a screw in its nut 
or in the teeth of mating gears. 

Back Rest— A rest for supporting slender work in turning or grind- 
ing. When the rest follows the cutting tool, it is frequently 
called a ‘^follow or follower rest.” Differs from a steady rest 
by not surrounding the work. 

Backing-Off— Removing metal behind the cutting edge to relieve 
friction in cutting, as in taps or reamers. Now usually called 
‘‘relief.” Should not be confused with “clearance,” See 
Relief and Clearance. 

Balance, Dynamic or Running — Securing the proper distribution of 
weight so that shafts or pulleys will run witlxout vibration. 

I2S4 
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Balance, Static or Standing — Distributing the weight of pulleys or 
shafts so that, when placed on knife-edge ways, they will stand 
in any position. If unbalanced, the heavy side rolls to the 
bottom. 

Balancing Machine— Machine for measuring the ‘‘throw,’’ or 
“out of balance” of a revolving piece and showung the amount 
and location of weight to be added or removed to secure a 
running balance. 

Balancing WayS“Level strips or sharp-edged disks for testing 
shafts or pulleys for standing balance. The disks are usually 
mounted on ball bearings. 

Band Saw— Continuous saw running on and driven by suitable 
^ pulleys- Griginally used only for wood, is now commonly 

! used on metals. For inside work the saw ends are put through 

j a Me and brazed by a small electric device on the machine. 

One make uses a very long saw blade that is not brazed. It 
I is pulled through the work and then returned rapidly for the 
I next cut. 

i Bastard — Not regular. Seldom used except as applied to a file or 
thread of irregular cut or shape. 

Bearing — The support in which a shaft revolves. May be plain, 
ball or roller. The latter interpose balls or rollers between the 
shaft and the support to reduce friction. Frequently called 
anti-friction bearings. 

Bench, Inspection — See Inspection Bench; Laying-Out Bench; 

I Workbench. 

I Bevel— Any surface not at right angles to the rest of the 
I piece. When at 45 degrees the bevel is frequently called a 

I miter. Name is also given to tool for measuring or laying off 

I bevels. When combined with a scale of degrees, it is called 

I a bevel protractor. 

! Blocks, Hoisting — Any combination pulleys and ropes or chains 
by which weights are lifted. They are usually hand operated 
; but in some few cases employ either electric or air motors, 
i Differential, planetary or worm gearing is used. 

! Blocks, Hoke — Gage blocks for positive measurements, designed 
I by Major Hoke. Used for checking snap and other gages. 

I Blocks, “Jo” — ^Shop name for Johannssen measuring blocks. 

' "“low Pipe— A device for mixing a jet of 

air with a flame both to direct the 
flame and to increase the heat. The 
upper picture shows the type used 
with an alcohol lamp, while the lower 
mixes both gas and air by means of 
the pipes and valves shown, 
device for securing intense local heat. 
Used by plumbers and for similar 
work. 

Bolster — A block sometimes called the 
die block, in which a punch press 
die is held. It is attached to the 
Bolster bed by bolts at either end. 


r 
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BOLTS:.' . 

Agricixltural Bolt — ^Agricultural bolts, as indicated by the name are 
n r-x used in farm machines and appliances^ 

^ by a rolling process. 

Boaer-Patch Bolt— A bolt used in fasten- 

L_A boiler shell tapped for bolt thread 

The square head is knocked off aftpi-* 
bolt is in place. ^ 

E3q)aiision Bolt — ^In attaching parts to brick, stone or concrete 
^ ^ walls and floors, expansion bolts are 

8=3!^^ frrtetefjrss; 

. threaded, split sleeve which is slipped 

into a hole made in the wall and then expanded by running in 
the screw. , 

_ Hanger Bolt— This bolt is used for 

ft3Wtit> SS£&T“,r2”'‘S3 

with a machine bolt thread and nut 

at the other. 

Machine Bolts 


Hexagon Head 


Square Head 




Round Head 


Square Countersunk Head 


Miscellaneous Bolts 




Loom or Carriage 
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Bridge or Roof 







Round or Button Head 


Plow Bolt— Several types of plow and 
cultivator bolts are shown in the 
accompanying engravings, the forms 
illustrated being typical of a variety 
of bolts manufactured for agricul- 
tural apparatus. 

A — ^Large Round Head 
B — Square Head 
C — Round Head, Square Shank 
D— Round Head 
E— Key Head 
F— Tee Head 
G — Button Head 
H— Concave Head 
I — Reverse Key Head 
J — Charge Key Head.' 

Stove Bolt — Stove bolts are made in 
sizes ranging from | to f inch. 

! The heads commonly formed are 
the round or button head, and the 
flat or countersunk head. 

Tap Bolt— "Tap bolts are usually threaded 
the full length of the body, which is 
not machined prior to running on 
the die. Only the point and the 
under side of the head are finished. 
They are also made with square 
heads. 


Hexagon Head Tap Bolt 

Bolt Cutter — Machine for cutting threads on bolts. 
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for upsetting the bolt body to form the 

Boring Tuning Mill— having a rotating horizontal 

table for the work with one or more stationary vertical took W 
boring turning or facing; a turret is often provided for holdW 
a number of tools in one of the heads. Sometimes has a toJ 
head on side rail. Often called ‘^vertical mill.” Horizon^ 

boring machines are not usually called “mills.” 



1. Bed. 

2. Table. 

3. Housing. 

4. Rail. 

S* Saddle. 

6. Swivel. 

7. Ram. 

8. Swivel clamp. 

9. Arch. 

10. Peed box. 

11. Change gear lever. 

12. Back gear lever. 

13* Peed reverse lever. 
14- Peed back gear lever. 
IS* Tumbler lever. 

16. Start and stop lever. 


BORING MILL, VERTICAL 


17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 
26 

27. 

28. 

29 

30 

31 

32 


Vertical feed lever. 

Cross feed lever. 

Rapid traverse handle. 

Rail screw. 

Peed clutch. 

Crank handle. 

Tool holder. 

Swivel segment gear. 

Peed rod. 

Feed shaft. 

Rapid traverse shaft. 

Horizontal rapid traverse shaft. 
Elevating gear. 

Elevating device. 

Elevating shaft. 

Elevating screw. 






BORING MACHINE, HORIZONTAL 


I. Spindle feed clutcli. 13. Hand adjustment for saddle 

2* Quick Imnd spindle movement. micrometer dial. 

3' Interlocking back gear levers 14. Reverse lever for feed and quick 

4! Head locking lever. ^return. 

K Slow spindle movement. IS. I eed change levers. 

6 Spindle. Head elevating screw. 

7 * Tail block clamp. I7. Feed and quick return lever. 

8. Back rest base clamp. 18. Removable bed guard, 

p. Power control lever. • 19. Platen feed tnp lever. 

10. Speed change levers. 20. Limit stop to platen. 

11. Interlocking feed levers. ^ 21. ^ddle clamp. ^ 

12. Hand adjustment for head, 22. Hand adjustment for platen, 

micrometer dial. micrometer dial. 

Brass — An alloy of copper witli zinc and lead 

Brazing— The joining of metals by the use ’of copper filings or 
chips and borax or some other flux This is usually called 
spelter or hard solder and can be applied to almost any of the 
harder metals. 

Brazing Clamps — Clamps to hold the ends of band saw or other 
work for brazing. 

Broach — A tool which is practically a series of chisels or cutting 
edges for enlarging holes or changing their shape. The same 
name is sometimes given to a small reamer used by jewelers. 

Broaching— This has become a standard method of machining both 
holes of any shape and outside surfaces that were formerly 
milled. Machines are made in horizontal, vertical, and 
rotary forms. Some machines closely approach milling by 

Bronzes— Alloys of copper and tin. Used in coinage, bells, statu- 
ary, musical instruments, etc. 

Bull Blocks— Blocks through which wire or rods are drawn to reduce 
' size." ■ 

Bull Wheel— Usually applied to the gear of a planer which meshes 
into the rack under the table ana drives it. 

Bulldozer — Heavy forming machine'f or bending iron or steel and in 
which the dies move horizontally. Very similar to a forging 
press. 
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Btmsen Burner~A device for securing , 

' • flame by mixing air and 

Q T" (F M ^ a chamber behind the flaS 

'==— ZifU The one shown has two side piebej 

“ake the flame flat instead of 
^tK for finishing 

an railway work for crankoinq andTvlAc used 

tumbfng barrek ^ ® "®“S ®fo®l halls in 

^’^^tafhings^re'’ uS^in'Wg wwl to material. Hardened 

“""is^rAsrLT;,h1? “■• »■■•«• •-««S 


CALIPERS: 




Firm-Joint Cdipers — Having a large firm 

ioSf riveted 

joint. This shows an inside caliper. 


Gea^Tooth C^per— A caliper with two 
beams at right angles. The vertical 
to pitch line 

and tb^other the thickness at pitch 
line, both have verniers. Used in 
measuring teeth for accuracy 



Heri^todite 

one leg of a divider and one leg of a 

afe’l ^.®^'^''i;®sting centered^ 

^ edjoffe 
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Transfer Caliper^ — A 



Micrometer Caliper— A measuring in- 
strument consisting of a screw and 
having its barrel divided into small 
parts so as to measure slight degrees 
of rotation. Usually measures to 
thousandths, sometimes to ten- 
thousandths. 


Odd-Leg Caliper— Calipers having both legs 
pointing in the same direction. Used in 
measuring shoulder distances on flat work, 
boring half round, boxes, etc. 

Outside, Spring Caliper — Tool for measur- 
ing the outside diameter of work. 
Controlled by spring and threaded nut. 
Nuts are sometimes split or otherwise 
designed to allow rapid movement 
when desired, final adjustment being 
made by screw. 

Slide Caliper — ^A beam caliper made 
with a jgraduated slide. Generally 
made small for carrying in the 
pocket. 

Square-micrometer Caliper — A beam 
caliper having jaws square with the 
blade, and having a vernier-microm- 
eter adjustment to read to thou- 
sandths of an inch. 

caliper that can be set to a given size, the 
auxiliary arm set, and the calipers opened 
at will, as they can be reset to the auxil- 
iary arm at any time. Used to caliper 
recesses and places where the legs must 
be moved to get them out. 

Cam, Drum or Barrel— The drum can 
has a path for the roll cut around 
the periphery and imparts a to-and- 
fro motion to a slide or lever in a 
plane parallel to the axis of the cam. 
Sometimes these cams are built up 
of a plain drum with cam plates 
attached. 

Cam, Edge— Edge or peripheral cams (also 
called ‘Misc cams”) operate a mecha- 
nism in one direction only, gravity, or 
a spring, being relied upon to hold the 
cam roll in contact with the edge of the 
cam. On the cam shown, a to & is 
the drop; to c the dwell; c to d, rise; 
d to a, dwell. 
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cams have a groove 

(uTSM a ^ OfroUpathcutmthefaceandoper- 

IICO;) UA f.*® or oAer mechanism posi- 

XXX^yj I tively m both directions, as th^roll 

“^always guided by the sides of the 

Carbide Tools— Took with cutting points of tungsten, tantalum 
or other aUoy with cemented carbides. The carbide tips are 
brazed to lugh-grade steel shanks for strength and rigidity 

Carbomzmg or Carburizing-The heat-treatment of steel si thatthe 

outer surface can be hardened. The surface absorbs carbon 
from the material used. carpon 

Case-Hardening— Former name for carburizing. 

Castle or Castellated Nut— A nut with slots across the outer end to 

Cat Head--A collar or sleeve which fits loosely over a shaft and ft 
clamped to it by setscrews. Used for steady rest to run on 
wlrere it is not desired to run it on the work. ^ “ 

ing^Ws”*'™® “ tlie head carrying cutters on borv 

‘"^rtiide Tools— Tools made from pulverized carbides 
and tungsten, tantalum, or other alloys fused into a very hard 
CentS* cutting Next to a diamond in hardness. 

Center, Dead— The back center or the stationary center on which 

are dea* grinding machines both centers 

Center, _Mve— The center in the revolving spindle of a lathe or 

tmi o^ tWr”®' ^ important that this should run 

true or it will cause the work to move in an eccentric path. 

Center Pimcli — Punch for marking points 

( J ~T> on metal Made of steel with a sharp 

point and hardened. Often called a 

Center Pmch, Automatic — Has' a spring-actuated hammer in the' 

handle, which IS released when the handle is pressed way down 
tofilthrblow^&yatrS! 

sure of the hand. In some cases the 
^ blow can be varied. 

1 'Pmch, BeU or Self-Centering— 

■ '1 1 1 «1 ^ ^ sliding in a bell or 

1 B S I -J cone-mouthed casing so that when 

I ® * Pl2-ced square over the end of any 

bar It will locate the center with suf- 
Center Punch Tnrsi+ino- rr ^<^curacy for most purposes. 

SSI'S 

^ punch mark and so locates the next 

CC... , ' t. ^ — — i — punch mark at the right distance fmm 

^ ^ the first. 
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Centering Machines— For drilling and reaming center of work for 
the lathe or grinder. 

Chamber— A long recess. See Recess. 

Chasers — Tools used for cutting threads by chasing. Usually have 
several teeth of right pitch, but name is sometimes applied to a 
single-point tool used in brass work on a Fox lathe. Chasers 
are made circular or fiat. The cutting tools used in die heads. 

Chasing Threads— Cutting threads by^ moving a single tool along 
the work at the right speed to give the proper pitch. Dis- 
tinguishes between threads cut with a die and those cut with a 
threading tool. 

Chattering — 'Caused by a slight jumping of the tool away from the 
work, or vice versa, and leaves little ridges on the surface. 
The jumping is due to springing of the tool, work, or machine. 

Chipping — The cutting of metal with cold chisel and hammer. 
Also used when a piece ‘‘chips’’ or breaks out of a piece or 
punch. 

Chisel, Cape — Chisel with a narrow blade for cutting keyways and 
similar work. 


Flat Cold Chisel 


Diamond 


Chisel, Cold — Any chisel for cutting cold 
metal. Name is usually applied 
to plain flat cold chisel, as in 
illustration. 

Chisel, Diamond or Lozenge— Similar 
to a cape chisel but with square end 
and cutting edge at one corner. 
Used for cutting a sharp-bottomed 
groove. 


Chisel, Round— A round-end chisel with the cutting edge ground 
back at an angle. Used for cutting oil grooves and similar 
work. 

Chuck, Draw — Operated by moving longitudinally in a taper bear- 
ing. Used on precision work. 

Clearance — Space allowed to prevent interference. 

Climb Cutting — Milling with the direction of feed where the cutter 
tooth “ climbs” or comes down on the work. 

Comparator — Name given to a machine designed by James Hart- 
ness to measure screw threads and similar parts by pro j ecting 
an enlarged shadow on a chart to compare the screw with the 
desired standard. 

Coping Machine — For cutting away the flanges and corners of 
beams and bending the ends. 

Cotter, Spring— Also called split cotter, split pin, etc. Used in a 
hole drilled crosswise of a stud, shaft or 
some similar member, and its ends 

Y (2> ^' spread apart to retain it in place and 

keep some member carried by the shaft 
from slipping off or turning. 
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Counter, Revolution— Device for countmv 

the revolutions of a shaft. Generallv 
made with a worm and a gear hav- 
ing 100 teeth so that one turn of dial 

equals 100 revolutions. ■ 

Counterbore— Has a pilot to fit a hole already drilled, or drilled 

and reamed, and its body with cutting 

ftdtTAa rvn tliA Anri ic 



:X 


tt4.Au. Awa uuuy 'Wlin cutting 
^ edges on the end is used to enlarge the 
hole to receive a screw head or body or 
^ X . some similar purpose. 

Countershaf^An intermediate shaft, between the main drive 
exiing for starting, stopping, and 

Coupling, Clamp— Couplings made in 
two or more parts, clamping around 
the shafts by transverse bolts 
Hold either by friction or have 
dowels in shaft. Sometimes called 
“compression’^ although this is 
confusing. 

Coupling, Compression— Grips shafting by 
drawing together tapered parts. This 
forces them against shaft and holds it 
firmly. Bolts parallel with shaft draw 
parts together. 



Couplmg, Friction— Couplings which depend on frictional contact. 

Coupling, Jaw or Clutch— Positively engaged by jaws or projections 
on the face of opposing parts. 

Crane, Gantry— Traveling crane mounted on posts or legs for yard 
use. The legs travel on rails to change position. 

Crane, Jib — Crane with a swinging boom or arm. 

Crane, Locomotive— Crane mounted on a car with an engine so as 
to be self-propelling on a track. 

Crane, Monorafi— Traveling crane that is suspended from a single 
mi. bometimes carries an operator in a suspended cage, or 
IS operated from the floor or a central control point. 

Crane, Pillar— Having the boom or moving arm fastened to pillar 
or post. ■ 

Crane, Portable— Hoisting frame on wheels which can be run 
around to the work and used to handle work in and out of 
lathes and other machines. 


Crane, Post— See Crane, Pillar. 

Crane, TYaveling— Crane with a bridge or cross beam having wheels 
at each end ^ that it can be run on overhead tracks to anv 
pomt m the shop. 
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Crane, Wall— A movable crane supported by rails on a wall. 
Crimping — Fluting, corrugating, or compressing metal ring to 
reduce its diameter. 

Crossraii— The part of a planer, boring mill, or similar machine on 
which the tool heads or slides move and are supported. 
Cutters, Flue Sheet — Special cutters for making holes, as for flues, 
in flue sheets or in other sheet metal or structural work. 

CUTTERS, MILLING: 

Angular Cutters—Such cutters are used 
for milling straight and helical mills, 
ratchet teeth, etc. Cutters for 
helical'mill grooving are commonly 
made with an angle of 12 degrees on 
one side and 40-, 48- or S3-degree 
angle on the other. 

Cherry — A form of milling cutter which is more strictly a formed 
reamer, for finishing out the interior 
of a die or some similar tool. The 
cherry shown is for a bullet mold. 
Convex and Concave Cutters— Convex 
and concave cutters are used for 
milling half circles. The convex 
cutter is often used for fluting taps 
and other tools. Like all other 
formed cutters the shape is not af- 
fected by the process of sharpening. 





Corner-Rounding Cutters — Left-hand, 
double, and right-hand cutters of 
this type are used for finishing 
rounded corners and edges of work. 
The shape of the cutter is not 
altered by grinding on the face of 
the teeth. 

Cotter Min — ^This type of mill is used 
for cutting keyseats and other slots 
and grooves. 


Dovetail Cutters— Inner and outer dove- 
tails are milled with these tools, and 
edges of work conveniently beveled. 


End Mill — This mill, sometimes called 
a butt miiy* is used for machining 
slots, milling edges of work, cutting 
cams, etc. 
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h^t Haad jKigjit Hand 




Formed 




Face and Formed Gutters— The facenu- 
of Brown & SBa^ 
mserted-too th type, is made in larse 
sizes and cuts on the periphery anrt 
ends of teeth. ^ 

The formed cutter to the right mav 
be sharpened by grinding on the face 
without changing the shape. 


Fishtad Cutter— A simple cutter for 

milling a seat or groove in a shaft 
or other piece. Usually operated 
at high speed and with a light cut 
and feed. 

Flutmg Cutters— Cutter A is an angu- 
lar mill for cutting the teeth in 
helical mills; cutter jS is for tap 
fluting, and C for milling reamer 
flutes. In each case the cutter is 
shown with one face set radial to 
the center of the work. See End 
Mill. 





Fly Cutters — Fly cutters are simple formed 
cutters which may be held in an arbor 
like that shown at the top of the group. 
Ihe arbor is placed in the miller spindle 
and the tool or other work to be formed 
is given a slow feed past the revolving 
cutter. After roughing out, the cutter 
can be held stationary and used like a 
planer tool for finishing the work that 
IS fed past it and so given a scraping 

Fly cutters may also be simple, single 
point tools for boring. 


I 
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Gang Cutters—Cutters are used in a 
gang on an arbor for milling a broad 
surface of any desired form. The 
cutters shown have interlocking and 
overlapping teeth so that proper 
spacing may be maintained. In 
extensive manufacturing operation 
the gangs of cutters are usually kept 
set up on their arbor and never 
removed except for grinding. 



Gear Cutter (Involute)— In the Brown and 
Sharpe system of involute gear cutters, 
eight cutters are regularly made for each 
pitch. 

Such cutters are always accurately 
formed and can be sharpened without 
affecting the shape of the teeth. 


Gear Cutters, Duplex — The Gould and Eber- 
hart duplex cutters are used in gangs of 
two or more; the number of cutters in the 
gang depending on the number of teeth in 
the gear to be cut. 


Gear Stocking Cutter — The object of 
stocking cutters is to rough out the 
teeth in gears, leaving a smaller 
amount of metal to be removed by 
the finishing cutter. They increase 
the accuracy with which gears may 
be cut, and save the finishing cutter 
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Hob— A form of milling cutter with helical 
teeth arranged like a thread on a screw and 
with flutes to give cutting edges as indi- 
cated. Used for cutting the teeth of worm 

spur, helical, or herringbone gears, Hob^ 
are formed and backed off so that the faces 
of the teeth may be ground without chans- 
ing the shape. ® 


^ Inserted-Tooth Cutter— Inserted-tooth cutters 

PK have various devices for holding the blades in 

^ position in the bodies. Inserted-tooth con- 
n u struction is generally recommended for cutters 
M/J 6 inches or larger in diameter. 


Rose Cutter — The hemispherical cutter 
known as a “rose milF' is one of a 
large variety of forms employed for 
working out dies and other parts in 
the profiler. Cutters of this form are 
also used for making spherical seats 
for ball joints, etc. Sometimes 
called “ball cutters.” 


Screw-Slotting Cutter— Screw^slotting cut- 
ters have fine-pitch teeth especially 
adapted for the slotting of screwheads 
and similar work. The cutters are not 
ground on the sides. They are made of 
various thicknesses corresponding to the 
numbers of the American Wire Gage. 

Shell-End Cutter- — Shell-end mills are de- 
signed to do heavier work than that for 
which the regular type of end mills is 
> suited. They are made to be used on 
an arbor and are secured by a screw in 
V the end of the arbor. The end of the 
a cutter is counterbored to receive the 
[ head of the screw and the back end is 
slotted for driving as indicated. Hole 
IS tapered I inch per foot. 

P Side, or Straddle, and Slabbing Cutters — ■ 
Side cutters like that to the left, cut 

on the periphery and sides, are suita- 
ble for milling slots and when used in 
pirs are called straddle mills. May 
h® packed out to mill any desired 
: width of slot or opposite faces of a 

piece of any thickness. 
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Slabbing cutters are frequently made with, nicked teeth to 
break up the chip and so give an easier cut 
than would be possible with a plain tooth. 
Slitting Saw, Metal — Metal slitting saws are 
thin milling cutters. The sides are 
finished true by grinding, and a little 
thicker at the outside edge than near the 
center for proper clearance. Coarse teeth 
are best adapted for brass work and deep 
slots and fine teeth for cutting thin metal. 

Straight-Shank Cutter — Straight-shank 
cutters of small size are extensively 
used in profilers and vertical millers 
for die sinking, profiling, routing, etc. 
They are held in spring chucks or 
collets. 

J T-Slot Cutter — Slots for bolts in miller 
and other tables are milled with 
T-slot cutters. They are made to 
standard dimensions to suit bolts 
of various sizes. The narrow part 
of the slot is first milled in the 
casting, then the bottom portion 
is widened out with the T-slot 
cutter. 

D 

Derrick — Structure consisting of a fixed upright and an arm hinged 
at bottom, which is raised and lowered and usually swings 
around to handle heavy loads. 

Dial Feed — A revolving disk which carries blanks to the punch 
and die, or to other tools. 

Diamond Boring— Boring accurate holes with a diamond as the 
cutting point. Term is also used for any accurate boring with a 
single-point tool of carbide or other material. 

Diamond Hand Tool— Used for dressing grinding wheels after they 
have been roughed out with the cheaper 
forms of cutters. Fixed diamonds are 
: — XH jl — usually considered better than those 
held by hand. 



Die, Screw Plate or Stock— A frame or 
handle for holding a threading die. 
D Sometimes die and handles are of one 
piece. 

Die Sets— Holders for punches and dies that are held in alignment 
by guides, or leader pins, and hardened bushings independently 
of tide press itself. Formerly called “subpress dies.’* 


<l> 
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f~ Die, Spring or Prong-Die with cut 

( “ iiie end of proS^ 

V F^“ ’readjusted somewhat by Sprinff’ 

inseried in a die head for cutting 

Dies, Bolt— Dies for cutting bolts. Some are solid, others adincf 
able. Some are for hand-die stocks or plates but 
them are for machine bolt cutters. ’ ^ost of 

DIES, PimCH PRESS; 

Bending Dies, Compotind~~In compound bending dies of the type 

shown, the work is car- 
ried down into the die 
by punch A, and held 
there while the beveled 
fingers B act upon the 
slides C and cause them 
to move forward in the 
top of die D and bend 
the ^ material to the 
outline of the punch, 
Upon the upstroke of 
the punch the slides C 
are pressed outwardly 

by their springs and the 

removed by the punch from the die. iWil/’wen Safthe 
holder for punch upon which depends the interior form of 
positively secured in its holder, te 
s instead adapted to slide up and down in its seat although 
turning a small pin at the upper end of the 
shank which IS engaged by a slot in the puncfi carrier. The 
fu punch proper tend to hold the punch 

still furl-W^tA^^^ tile die, allow the punch carrier to descend 
if fingers B into operation against slides C 
which bend the work to the outline of the punch, ^ 


Bentog Dies, Plain— Simple bending 
dies are made with the upper face 
of the die and the bottom of the 
punch shaped to conform to the 
bend it is desired to give the blank. 
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In simple bending dies the upper face of the die is cut put to 
the desired form and the piece of work formed to required shape 
by being pressed directly down into the die by the punch. 

Blanking Dies — Blanking dies are about 
the most commonly used of all the 
I I varieties of press tools. A simple 

C— form of die is seen in the illustra- 
tion. The strip of sheet metal is 

O fed under the stripper and is pre- 
vented by that member from lifting 

- - TteBtek with the punch upon the upstroke, 

— — following the punching out of the 
— ^ __ blank. Where several punches are 

fj combined in one hole for blanking 

/ f many pieces simultaneously, they 

C P / are known as /‘multiple blanking 

Strlpp^N^ J y tools.” 

Bia I 1 

Bulging Dies-— The “before and after” 
sketches show the character of the 
— ' — — ^ — I work handled in bulging dies. The 

I shell, after being drawn up straight, is 

I I placed over mushroom plunger .4 in 
^fore * the bulging die, and when the punch 
descends the rubber disk B is forced 

Cl J out, expanding the shell into the 

curved chamber formed by the punch 
and die. Upon the punch ascending, 
the rubber returns to its original form 
and the expanded work is then 
removed. 

Burnishing Dies— Burnishing dies are made a little smaller at the 
bottom than at the top and when the work is forced down 
through the die, the edge of the piece is given a very high finish 
making polishing and hand-finishing operations unnecessary. 
The burnishing process also forms a very accurate method of 
sizing work. 

Coining Dies— Coining dies are operated in very powerful presses 

of the embossing type 
Upper Di« similar to those used 

silvenvare, medals, 

^ the* retaining collar, 

and the dies are indi- 
cated at if, B, and C. In the last section the coin is shown 
delivered at the top of the die. 
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Combination Dies-Combination dies are used in sin^u 

presses for such work as cutting a blank and at tfe saSf 

stroke turning down 

r ^ drawing 

the piece into the re^ 
quired shape. In 
most cases the work is 
Blank pshed out of thedies 

V- ) action of a 

spring.. Such a set of 
r s dies is shown in the 

r&'sfsX* 

O The work is blanked 
by cutting punch ^4 
and formed to the 
jtheBinhheai^ x Hgiit Shape by B and 

^ ^ the former holding 

9 the piece by spring 

pressure to the block 

corprfsS at R dS'thtI “ 

bkjJdS plfS, benll.f 

has been removed in a trimming die Thie i 

piece when coming from the combinatinn 

view immediately under the is shown in the 

work evenly, seeSSng 


ghe Blnhhea Box 
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Compound Dies— G o m - 
pound dies have a die 
in the upper punch 
and a punch in the 
lower die. The fer- 
rule-making tools 
shown have a blank- 
ing and outer drawing 
punch A, with a cen- 
tral die B, to receive 
lower punch -C which 
cuts out the center of 
the ferrule blank and 
allows the metal to be 
drawn down inside as 
well as outside of the 
bevel-edged member 
D. As the work is 
drawn down, ring E 
descends compressing 
the rubber cushion 
below, and upon the 
return movement, the 
ferrule is ejected from 
the die. 


Cupping Dies — Used for drawing up a cup from a disc or planchet. 
Same as drawing dies. 

Curling Dies — Curling dies are used for producing a curled edge 
around the top of a piece drawn up 
from sheet metal. When the top is to 
be stiffened by a wire ring around 
which the metal is curled, a wiring die 
is used, the construction of which is 
practically the same as that of the 
curling die. The illustration shows a 
curling die and the appearance of a 
shell at various stages during the oper- 
ation of curling over the edge. The 
diagrams, A, B, show the prog- 
ress in the curling process as the punch 
descends, pressing down on the edge 
of the straight-drawn shell. 

Dinking Dies — Dinking dies, or hollow cutters, although not usu- 
ally classed with regular dies, are used 
so commonly as to entitle them to be 
listed in that class. They are adapted 
to punching out all sorts of shapes 
from leather, cloth, or paper. The 
edges of the dies (a few specimens of 
which are shown in the engraving) 
are usually beveled about 20 degrees 
outside. Where made for press use, 
the handle is omitted. As a surface 
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for the cutting edge of the die stroke on, a block is built un ef 
seasoned rock maple, set endwise of the grain. ^ 

Double -Action Dies— This type of die is used in a press which ha^ 
a double-acting ram; that is, there are two slides, one inside tS 
other, which have different strokes 
To the outer slide is fastened the 
combined cutting punch and blank 
-Mssir-K* holder which is operated slightly 
advance of the drawing punch B 
H B M rsn actuated by the inner slide. The 

^ iZn\ hlanh upon being cut from the stock 

^ C and is kept under pressure by the 

hat end of cutting punch X to pre- 
vent its wrinkling, while punch B con- 

£ , ^ , tinues downward drawing the metal 

from between the pressure surfaces and in the shape required. 

a Drawing Dies, Plain-— Dies of the type 

shown can be used for shallow draw^ 
({ )) iag only, as there is no pressure on 

the blank to prevent its wrinkling 
when forced down into the die by 

a the punch. The blank fits the 
recess ^ in the upper face of the die 
Th, WMk a,nd the die itself which is slightly 
A L tapering is made the diameter of the 
punch plus twice the thickness of 
required for the shell. The 
bottom edge .B of the die strips the 

® _ shell from the punch when the latter 

ascends. 

Redrawing dies are used for 
drawing out a shell or cup already 
formed from the sheet metal. In 
the illustration, a shell ready for 
redrawing is shown in position in 
the dies, which need little explana- 
tion. The work is located in the 
upper plate A , and after being forced 
V i 1 through the die R, is stripped from 

the punch by edge C. Ordinarily a shell, that is to be given 
considerable elongation, is passed through a number of redraw- 
ing dies. 

Redrawing dies are sometimes referred to as reducing dies, 
although the latter are used for drawing down the end of a 
shell only, as in the case of a cartridge shell, which is made 
with a neck somewhat smaller in diameter than the body 




DICTIONARY OF SHOP TERMS 


127s 




Fluid Dies — ^Water or fluid dies are used 
for forming artistic hollow ware of 
silver, and other soft metals, in 
exact reproduction of chased work. 
The die as shown is a hinged mold 
cast from carved models and fin- 
ished with all details clean and 
sharp. The shell to be worked is 
filled with liquid and enclosed in the 
die and a plunger in the press ram 
then descends and causes the fluid 
to force the metal out into the 
design in the die. 



Follow Dies — ^.Follow tools consist of two or more punches and 
dies in one punch holder and die body, these being arranged in 
tandem fashion so that after the first 
operation the stock is fed to the next 
point and a second operation per- 
formed; and so on. In the die 
shown, which is for making piece A , 
the strip of metal is first entered 
beneath stripper B far enough to 
allow the first shell to be drawn at 

pv, ■ the first stroke by punch C and die D. 

metal is then moved along one 
space and the shell drawn at the first 
stroke is centered and located within 
the locating portion of piercing die E. 
At the next stroke the hole in the center is pierced with punch 
F, and a second shell drawn in the stock by punch and die 
C and D, The stock is then fed forward another space and the 
blanking punch G cuts out the piece from the metal. At 
the same stroke a third piece is being formed on the end of 
the stock and a second hole pierced. Thus three operations 
are carried on simultaneously. 


Gang Dies — Gang tools have two or more punches and dies in one 
holder for making as many openings in 
— — ^ blank at one stroke of the press. 

Sometimes dies which perform a num- 
— I { I [ [ I ^ her of operations on a piece which is 

tp-y Yt fed along successively under one punch 

after another are called ‘‘gang” dies; 
U L.-J TJ strictly speaking, however, such tools 

- ■ . 1 are “follow” dies. Where a large 

I ! j 1 *1 number of punches are combined they 

— ■• '■--d — Li_J are called a multiple punch, or if they 

are of quite small diameter for piercing are sometimes known as 
perforating punches. 
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strike up the heads on cartridp-f>« a 
^ are generally operated in a horizontal feading 

Index Dies— For certain classes of work, such as notching fh^ Ar^ 

of large discs or armature punchings, an index die is^omet^n^^ 

used consisting of a rotary index plate adapted to carrv?K^ 
work, step by step, past the punches which cut out one not^h nr 
a series of notches at each stroke of the press. ^ '''' 

Perforating Dies— Perforating tools consist of a number of piercing 

tools in one set of dies 
“muTr^ 1 ^^ called also 

& pie sh'own, which 

^ ^ puniber 

C ^ ^Pritig-contooUed^TO! 

B f ) sure-pad A against the 

face of the die B while 
the punches at C are 
forced down through 
the sheet metal In 

are easily replaced when broken by imLrTwin^thfkdder 
from the shank and slipping the small punch out from the back. 

Piercing Dies— Piercing tools are used for punching small holecs 
through sh^t metal Where arranged for punching a larse 
Wing simultaneously, they are often caUed “per- 

Piercmg Dies, Compound— Compound piercing tools have in addi 
regular punches carried by the holder in the ram^a 

Se wo^rif for making holes through the sides of 

pie work. These side punches are operated bv slides mo vi^d 
inward by wedge-shaped fingers, the arrangement beins the 

Ho^^of fbe compound bendinf dies, anThustm- 

tion of which IS given under that head. 

Reducmg Dies— Reducing dies are redrawing dies for reducing a 

reduces tL^whoS the regular redrawing die 

5 ? f whole length. Reducing dies for cartridge riiells 

facSmd^ whh ^^1 shell now so commonly manu- 

powder and a smaller neck 

I'^VfeedpresrordTnS 

empioyea tor cartridge-making operations, two or more redur- 

Paired for shaping the neck of theXll to Ae 

Qoireci dimensions, each die operating in turn unon the shell 
M It IS carried around step by step under the r^r.^ till ^ 7?^ 
intermittent rotaiy moveLe^t^the SgS 
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Riveting Dies — Riveting dies for the 
punch press are provided with cavi- 
ties in the working faces to suit the 
shape of the head it is desired to 
produce on the ends of the rivets. 


Sectional Dies — Frequently dies of com- 
plicated outline are built up in sec- 
tions to enable them to be more 
easily constructed and kept in 
order. This form is resorted to 
often in the case of large dies where 
a break at one point would mean 
considerable expense for a new die. 
Also the difficulties of hardening are 
reduced with the sectional construc- 
tion. As shown, the various parts 
are secured to a common base or 
holder. 



Shearing Dies-— Shearing dies are used 
for cutting-ofi operations, and are 
frequently combined with other 
press tools so that after certain 
operations on a piece it can be 
severed from the end of the stock. 
The shearing tools in the engraving 
are arranged for simply cutting up 
stock into pieces of the required 
length and the punch itself is of the 
inserted type secured by pins in its 
holder. 


Split Dies— Split dies form one type of sectional die— the simplest; 
they are made in halves to facilitate working out to shape, hard- 
ening, and economical maintenance, 

Stxbpress Dies— Units that hold punches and dies in alignment 
without depending on the press in which they are used. These 
are now called “ die sets.” 

Swaging Dies— Swaging operations are resorted to where it is 
desired to shape up or round over the edges of work already 
blanked out. Thus in watch wheel work the arms and inside 
edges of the rims are sometimes swaged to a nicely rounded 
form subsequent to the blanking out of the wheel in the sub- 
press. Swaging dies for such work are of course made with 
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shalbw impressions to a split mold betwp.A« 

the tw halves of which the blank is properly shafSd 
K swaging dies receive the slug as it cornes from fK 
buUet mold and shape the end to the required cone point. 

Trim^g Dies-^Trimming dies remove 
the superfluous metal left around 
the edges or ends of various classes 
of drawn and formed work. In the 
case shown, the box body A has 
been drawn up and a fin left all the 
way round; this is dropped into the 
trimming die i?, and the punch C in 
carrying it through the die, trims 

WoA of ,h. Jo™ ffootetb AS,!‘JSS 

took trimming by means of combination 

. .The box body illustrated here as it appears Se and 
after trimming is shown in connection with the combiStion 

Xnple-Action Dies—These dies are used in triple-acting presses, 
^ where in addition to 

the double-action slides 
which take the place of 
the regular single-act- 
ing ram, there is also a 

third slide or plunger 
which operates under 
the table or die bed. 
Thus a piece like that 
shown, which has to be 
blanked, drawn, and 
embossed, is operated 
upon from above by 
the cutting and draw- 
ing punches A and B, 
and upon the latter 

stripped from it^by MVo/th^prest® 
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Wiring Dies — ^Wiring 
dies are much the 
same in construc- 
tion as plain curl- 
ing dies. In the 
engraving, the wire 
ring is shown at A 
around the top of 
the shell to be 
wired and in a 
channel at the top 
of the spring-sup- 
ported ring -5. As 
indicated in the 
lower illustration, 
the punch, as it de- 
scends, depresses 
the ring B and 
curls the edge of 
the shell around 
the wire ring A. 


Disks, Reference — Accurate disks of standard dimensions for set- 
ting calipers and measuring. Usually of hardened steel. 



Divider, Spring— The spring tends to force 
the points apart and adjustments are 
made by the knurled nut on the screw. 


Doctor — ^Local term for adjuster or adapter so that chucks from 
one lathe can be used on another. Sometimes used in the same 


way as the term “dutchman.’^ 


Dog— Name given to any projecting piece which strikes and moves 
some other part, as the reversing dogs or stops on a planer or 
milling machine. Sometimes applied to the pawd of a ratchet. 


Dog, Lathe — A device for clamping work so that it can be revolved 
by faceplate. Three are shown. 



Clamp Dog Straight Tail Bent Tail 


Drift — A tool for cutting out the sides of an opening while driven 
through with a hammer. Term sometimes applied to a taper 
pin for forcing holes into alignment, as in boiler work. 
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DRILLS: 


€ _DrilI— The short driUs used for cen- 

Tirill shafts before facing and turning are 

Drill called “center drills.” The drill 

^ reamer or countersink for the 60-degree 

hole, when combined as shown 
Gombmation allow the centering to be done more 

readily than when separate tools are used. 

core drill is a hollow tool that cuts out a core 
instead of removing the metal in the form of chips. Such 

c C t r7=======^^^ drills are generally used to procure a 

— core from the center of castings or 
, forgxngs for the determination of the 
tensile strength or other physical properties of the metal 

Gim-B^rel DriU-Gun-barrel drills are run at high speed and 
under very light feed, oil under heavy pressure being forced 

thmugh a hole in the drill to clear the 

vi chips and cool the cutting point and 

/he drill itself is^ sW and 

tastened to a shank of suitable length. 

Hog-Nose Brill—More like a boring tool. Mostly used for bnrmfY 
out cored holes. Must be very%tiff to 

Shell Drill — Shell drills are fitted to a 
11 ^sed for chucking 

1 and enlarging holes 

\ ^ two-flute twist drill 

\ 1 ® angle of the lips is about 1 1; 

degrees. , 

Straight-Flute Diffl--The straight-flute, or “Farmer,” drill as it i. 
frequently called after its inventor,’ does not clear iS so weU 
as the twist driU does, but is stiffer,- 

l g~ rc ^': 1 ™ does not “run” or follow blow- 

holes or ^soft spots so readily as the 
twist drill 

Three- and Pour-Groove DriHs— Where 
^ holes are to be made in solid 

' stock, It IS advisable to use a three- 

Three Groove or four-groove drill after rumdng 

( two-flute drill through the 

Four Groove hole to the size required and are also 

useful in boring out cored boles in 
castings. 

Twist DriU-Usually made with two flutes, or grooves, running 
I , amund the body. This furnishes cut- 

edges and the chips follow the 
flutes out of the hole being drilled. 


dictionary of shop terms 1281 

t i Wood DriU (Bit)— Bits for wood_(lriUing 

: — — various forms. 1 ue pou 

Pod * ^^iii is cut out hollow at the working 

rj — double-flute drill has ^a 
regular bit point; the single-flute drill 
Bit Point diameter for a short distance 

rj Nc;;sj NO only and is cleared the rest of the 

length as indicated. 

Single Flute 

•r^ *11 rt^otn— -npvice to be used in connection with a brace or 
^^breasTdrilUn many places where it is not convenient to bring a 

n .M/lni^der—Devto which goes on drill spindle and gears up the 
^'^^soeed of drills so that small drills can be used economically on ; 

l^ge drill presses or boring machmes. 



drilling machine, radial 


1. speed box. 

2. Column. 

3. Column cap. 

4. Elevating gearing. 

5. Elevating control. 

6. Elevating stops. 

7. Elevating screw. 

8. Arm worm box, 

o. Arm clamps on colunan. 

10. Column clamp m base. 

11. Table. 

12. Arm. 

13. Arm way. 


14. Drive shaft for head. 

1$. Spindle sleeve. 

16. Spindle. ^ , 

17. Quick spindle adjustment. 

18. Hand wheel for moving head on 

arm. 

19. Hand feed wheel. 

20. Swivel gear for head. 

21. Spindle control lever. 

22. H^d clamp on arm. 

23. Peed depth gage. 

24. Arm handle. 


I 


DRILLING MACHINE, VERTICAL 

l: ”• fed wheel. 

3 . Back gears. “• 

4 - Spindle. ,5’ 

s. Cblumn. ft Starting lever. 

6. Drive shaft. fl' Sear leve. 

7. Spindle sleeve. i~' , 

8. Peed box. ft 1?^ arm clamp. 

9 . Head 

to. Ouick-retum lever. a?! sSi® 
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Dutchman— ‘Local term for a wedge or liner to make a piece fit. 
Used to make a poor job usable. A round key or pin fitting 
endwise in a hole drilled half in a shaft and half in the piece to 
be attached thereto. A patch fitted to cover defect. 

E 

Ejector— An ejector on punch press work is a ring, collar, or disk 
actuated by spring pressure or by pressure of a rubber disk, to 
remove blanks from the interior of compound and other dies. 
It is often called a shedder. 

End Measuring Eod — Arranged for internal measurements similar 
' to the internal cylindrical gages. Also used in setting work- 

i tables on boring machines and jig borers. 

Expansion Fit — The reverse of a shrink fit. Instead of expanding 
the outer member by heat, the inner member is contracted by 
I dry ice, or other freezing method before assembling. See 

Shrink Fit. 

Extractor, Oil — Machine for extracting oil from iron and metal 
chips. Revolves rapidly and throws out the oil by centrifugal 
I force. 

■„ ''F 

I Faceplate— The plate or disc that screws on the nose of a lathe 

I or other machine spindle and drives or carries work to be turned 

or bored. Sometimes applied to table of vertical boring mill. 

■ Feather — A sliding key — sometimes called a spline. Used to 

prevent a pulley, gear, or other part from turning on the shaft 
but allows it to move lengthwise as in the feed shaft used on 
most lathes and other tools. The feather is nearly always 
fastened to the sliding piece. 

I Filing Machine — Runs a file by power, usually vertically. Useful 
j in many kinds of small work. Now made continuous. 

! Fin— The thin edge or mark left by the parting of a mold or die. 

I In drop forge work this is called the “flash.” 

j Flash — Excess metal forced out between the dies in drop forgings 

or in die castings. 

Flute — Shop name for a groove. Applied to taps, reamers, drills 
Ij and other tools. 

J Flywheel— Heavy wheel for steadying motion of machinery. On 
I an engine it carries the crank past the center and produces a 

r uniform rotation. 

Foot Stock— The tail stock or tail block of a lathe, grinder, etc. 

Force — A master punch which is used under a powerful press to 
form an impression in a die. Forces are commonly employed 
in the making of coining and other embossing dies. A similar 
tool used by jewelers is called a “hub ” It is sometimes 
j referred to as a “hob.”- 

Forge— Open fireplace for heating metals for welding, forging, etc. 
r Has forced draft by fan or bellows. 

i Forging Press — Heavy machine for shaping metal by forcing into 
dies by a steady pressure instead of a sudden blow as in drop 
forging. Similar to a bulldozer. 

L 

' '■ ^ 



Depth Gage~A tool for measuring the 
depth of holes or recesses. The body 
IS placed across the hole while the rule 
IS slipped down into the hole to be 
naeasured. _ In many cases the rod is 
simply a wire and not graduated. 


Furniture— In machine shops applies to tool racks lathe fnf. 
boxes, angles, blocking; claSps and bolts. 


different-sized holes 
t. "triced with correct size or number. Or a plate 

the^opeSn”®'* size of drffl placed in 


Feeler or Thiclmess Gage— Blades of 

different thicknesses, usually vary- 
ing by thousandths of an inch, so 
that slight variations can be felt or 
measured. 


I2S4 dictionary of shop terms 

Fuller ^^^cksmith's tool something like a hammer h • 

fo^spreading or fulling the iron unJer'^CL? 


Anvil Fuller 


Hand FuUer 


Furnace, Muffle— Furnace for heating 
steel to harden, in which the flame 
? does not come in contact with thf^ 

» metals. 
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Scratcli Gage — For scratching a line at 
a given distance from one side of 
a piece. Adjustable for different 
lengths. 



Surface Gage— A tool for gaging the height 
between a flat surface, such as a planer 
table or a surface plate, and some point 
on the work. This can then be trans- 
ferred to any other point. 



Thread Gage — Tool with a number of 
blades, each having the same number 
of notches per inch as the thread it 
represents. Made for different kinds 
of threads and in various forms. 

Wire Gage— Gage for measuring sizes 
of wire. The wire fits between 
the sides of the opening, not in the 
holes. Sometimes made in the 
form of a circular disk. 



Gang Tool— A holder with a number of 
tools, generally used in the planer but 
sometimes in the lathe. Each tool 
cuts a little deeper than the one ahead 
of it. 


GEARS: 

Angular Gear — Sometimes applied to bevel gears and also to spur 
gears with helical or skew teeth. See those terms. 

Annular Gear — Toothed ring for use in universal chucks and simi- 
lar places. Teeth can be on any of the four faces, although 
when inside it is usually called an internal gear. The annular 
gear that drives the axle of an automobile is often called a 
“ring’^ gear. Gears on flywheels are called '-starteri^ gears. 

Bevel Gears— Gears cut on conical surfaces to 
transmit power with shafts at an angle to 
each other. When made for shafts at 
right angles and with both gears of the 
same size are often called ‘^initer’^ gears. 
Teeth may be either straight, skew, or 
curved. These are called spiral-bevel. 




1 
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CroTira Gep— A gear with teeth on the side of rim. UseH 

facihties for cutting bevel gears existed. Seldom found now^ 
Differentia Gearing— Where two gears, side by side but on difF^ 
t f®’"' less teeth than the other 
mto the same gear, each driving its shaft at a different S 
There is usually only one or two teeth difference in the two^ars 

rsA^Vi rs/VTtjo Elliptical or Eccentric Gears— Gears 
m which the shaft is not in th^ 
Cf tOCf (0< ^ay be of almost anv 

shape, oval, heart shaped, etc 

Ermtog presses usuaUy have good 

examples of this. 

Gear Shapmg Mactoes— The cutting of spur gears by the shaninv 
method is confined to the Fellows and Sykes machines The 
Fellows and Sykes uses a round cutter that is virtually a sear 
whde the Maag uses a straight cutter that is equivalent to a 
section of a rack. Although the maciiines and methods of 
mdexing are quite different, they cut the teeth by the shaping 
Directions for operating are given by the 

HelicM Gears— Gears having teeth at an angle across the face to 
STfl constant pull._ Also give side thrust. Sometimes 
called skew’^ gears or spiral gears. “ 

Herringbone Gears— Gears having teeth cut at 
i ^ iO} opposite angles. Also made by putting 
W *■^0 ^^elreal or “skew”-tooth gears to- 

thraS’ side or end 

Hobbing Gep— In cutting gears by the bobbing process it is ner 
essaiy that both the hob and the gear blank revolve in proper 
re ation to ^ch other. The spindle carrying the h^ob^ust be 
set to the right angle to give the gear tooth desired. For cut- 
ting spur gears, the thread pf the hob must be parallel with the 
ax« of the gear. For cuttmg helical gears, the thread of the 

hob must be set parallel with the angle of the gear teeth Then 

the right gearing must be selected fo rotate the hob and wS 
the spmdles in the correct relation. Directions for doing this 
are given by the makers of hobbing machines “S; tms 

” 

Intermittent Gears— Gears where the 
teeth are not continuous but have 
surfaces between. On the 
gear these plain surfaces are 
concave to fit the plain surface of the 

driver, and the driven wheel is 
^ stationary while the plain surfaces 

are in contact. 
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Internal Gears — Gears Laving teeth on 
the inside of a ring or shell. 


Module or Metric Gears — French system of making gears with 
metric measurement. Pitch diameter in millimeters divided 
by the number of teeth in the gear is the module. 

Pin Gear— Gear with teeth formed by pins such as the old lantern 
pinion. Also formed by short projecting pins or knobs and 
only used now in some feeding devices. 

Planetary Gears — Gears mounted so as to run around a central 
gear, which may be either external or internal as in a Model T 
Ford transmission. 

Quill Gears — Gears or pinions cut on a quill or sleeve. 







Spiral Gears — Spur gears with helical teeth 
which run together at an angle and do 
the work of bevel gears. They are not 
really spiral gears but have been so 
designated in shop language. 

Spiral Bevel Gears— Spiral, or curved tooth, bevel gears are cut with 
a cutter head of the trepanning type on a Gleason machine. 
The methods of setting the work and cutters, and of gearing the 
machine, are given by the makers of the machine. 




Spur Gears— Wheels or cylinders whose 
I shafts are parallel, having teeth across 
the face. Teeth can be straight, helical 
or skew, or herringbone. 


Staggered Tooth Gears — Made up of two or more straight-tooth 
spur gears, teeth set so that teeth and spaces break joints. 
Seldom used now as helical gears give smoother action. 

Worm Gears— Gears with teeth cut on angle to be driven by a 
worm. Teeth are usually cut out with a hob to fit the worm. 
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A B 

2erol Bevel Gears.- 
spiral angle. 




Sprocket Ge^s-Toothed wheels for 

^ is the regula 
tooth and B is a hook tooth fm 

running one way only. 


-A curved tooth bevel gear with a zero-degree 

Geneva Motion— A device which gives a 
positive but intermittent motion to 

> the driven wheel but prevents its 

^ moving in either direction without 

i the driver. The driver may hill 

one tooth as shown or a number if 

> desired. Also made so as to prevent 
a complete revolution of the driven 
wheel. 



Gib A piece located alongside a sliding member to take up wear. 


Grmder, Disc— A grinding machine 
having steel discs that are covered 
with abrasive cloth. Some discs 
have spiral grooves to give cushions 
under the abrasive cloth. 


Gnnder-Wheel Dresser— A tool consisting of pointed or corrugated 

discs of hard metal that really break 

■ or pry off small particles of the grind- 

mg wheel when held against its rapidly 

revolving surface. Small abrasive 
wheels are also used. 

Gripe Focal name for machine clamp. 


Guide Lmer — A tool for use in locomotive 
work for lining up guides and cross- 
heads. 




CENTERLESS GRINDER 


1. Grinding wheel. 

2. Work-rest blade. 

3. Regulating wheel. 

4. Balancing- wheel collet. 

5. Grinding-wheel truing attachment. 

6. Coolant-line grinding-wheel truing attachment. 

7. Indicator stand. 

8. Hand-feed wheel for grinding-wheel truing attachment. 

9. Regulating-wheel truing attachment. 

10. Hand-feed wheel for regulating- wheel truing attachment. 

11. Work-rest guide. 

12. Work-rest guide adjusting screw. 

13. Work rest. 

14. Motor, 

15. Coolant nozzle. 

16. In-feed lever. 

17- U^per slide for regulating wheel. 

18. Micrometer adjustment for in-feeding. 

19. Regulating- wheel in-feed screw. 

20. Upper-slide clamping lever, 

21. Lower-slide clamping lever. 

22. Regulating- wheel speed-change levers. 






spindle driving pulley. 
2. Headstock. 

3 * Dead center pulley. 

4. 'j^eel driving pulley. 

5. Spmdle-box. 

6. Wheel stand platen. 

7. Pootstock. 

8. Clamping lever. 

9 - Cross-feed hand wheel. 


10. Reversing lever. 

11. Peed roll lever. 

12. Table hand wheel. 

13. Control lever. 

14. Table dogs. 

IS* Peed driving cone. 

16. Table hand wheel throw-out 
lever. 


Hacksaw — -Fine-tootlied saw for cut- 
ting metal. Saws are held in a 
. • ^^nd frame or in power-driven 

Half Nut A nut that is split lengthwise. Sometimes half is used 

both halves clamp around screw 
as in the half nut of a lathe carriage. 

Hammer The common types of machinists’ ham- 
mers are the ball peen, straight peen, and cross 
p^en, as shown. The so-called engineers’ and 
the riveting hammers have cross peens. 
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Haimner, Blacksmiths’ Flatter— A flat- 
faced hammer used to smooth the 
surfaces of forgings. Is held on the 
work and struck by a helper with a 
sledge. 


Hammer, Bumping or Homing— For closing seams on large cans, 
buckets, etc. 

Haimner, Drop — Hammer head or ‘'monkey” or "drop” is raised 
by hand or power and falls by gravity. Sometimes raised by a 
board attached to top of hammer head and running between 
pulleys. Others use a belt. 

Haimner, Helve — ^Power hammer in which there is an arm pivoted 
in the center and power applied at the back end while the 
hammer is at the other and strikes the work on an anvil. 

Hammer, Lever Trip — ^Trips the hammer by a cam or lever and 
allows it to fall. 

Haimner, Spring — Comparatively small hammer giving a great 
variety in the force of blow. This is controlled by pressure of 
foot on lever. 

Hand 'Wheels, Clutched— Hand wheels connected to shaft by a 
clutch which can be thrown out by a knob or otherwise so that 
accidental movement of wheel wiU. not disturb setting. Used 
on milling machines and similar places. 

Hanger, Drop— Shaft hanger to be fastened to ceiling with bearing 
held in lower end. 

Hanger, Post— Shafting hanger for fastening to posts or other 
vertical structures. 


Hardie— Blacksmith’s cutting chisel 

which fits a hole in the anvil and 
forms the lower tool in cutting ofl 
work. 


Hoist, Chain — Hoist with chain passing through pulley block used 
for hoisting. 

Honing— A process of finishing surfaces with blocks or sticks of 
fine abrasives, using two or more motions. Used largely in 
cylinders and to some extent on piston rods and similar work. 

Huhhing — ^The forcing of a hardened die or “hub” into cold, soft 
steel to produce a die or mold. A depth of ^ in. is common. 
Pressure averages 100 tons to the sq. in. of area. 

Hunting Tooth— An extra tooth in a wheel to give it one more tooth 
than its mate in order to prevent the same teeth from meshing 
together all the time. Seldom used now. 


indexing, Compound— Indexing by combination of two settings of 
index, by either adding or subtracting. 







Indexing, Differential— Indexing with the * 

spindle, thus giving a difierfntiarmotiM ^ 

mg to be done with one circle of holes and witli ®dex. 

«t 'Sridi.g h,u ^ 

S&iSfss S!s •“'k 

forsettingworkinlatheoronfeceplatr^ 


Plain Indicator 


Dial Indicator 


similar instruments. s>pectea with surface gages and 


Jack, Hydrauhc— Device for raising weight nr 
exerting pressure by pumping ?il or^othe? 

liquid under a piston or ram. ®‘' 

Jack Leveling-Small jacks (usually screw jacks) 
/ ^ W ou pW bed 

J r btocktog.'^^ adjustabt 

by 

cases a true 

MiH" 'T hiyTr?Lw'sttdLdLed^“ 

’ -Sec^tinoSSf SS Yft.Kfle^s":^- 

monly called fixtures) hoU^ work^wH^^-r*^- P'^“i“? ii|® (com- 

"'1^ »« •; 

o«»» oir ."SJas;'th?*sS'»“5: 
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Joint, XJniversal — Shaft connection which 
allows freedom in, any direction and 
still conveys a positive motion. 
Most of them can transmit power 
through any angle up to 45 degrees. 

Journal Box— The part of a bearing in which the shaft revolves. 

K ■ 

Kerf— The slot or passageway cut by a saw. 

jg^ey— -The piece used to fasten any hollow object to a shaft or rod. 
Usually applied to fastening pulleys and flywheels to shafts; or 
locomotive driving wheels to their axles. Keys may be square, 
rectangular, round or other shape and fasten in any way. Are 
I usually rectangular and run lengthwise of shaft. 

I Key, Center — A flat piece of steel, with tapered sides, for removing 

I taper-shank drills from drill spindle or similar work. 

! Keyway— A groove, usually square or rectangular, in which the key 

i is driven or in which a “ feather” slides. The groove in both 

the shaft and the piece which is to be fastened to it, or guided 
j on it, is called a keyway. 

Knurling— The rolling of depressions of various kinds into inetal by 
I the lise of revolving hardened steel wheels pressed against the 

I work. The design on the knurl will be reproduced on the work. 

I Generally used to give a roughened holding surface for turning 

a nut or screw by hand. 

L ■ 

i Land — Metal left between flutes or grooves in drills, taps, reamers, 

i or other tools. Some consider “land” as only the portion 

directly behind the cutting edge. 

Lap— Applied to seams which lap each other. To the distance a 
valve must move before opening its port when valve is central 
on seat. To a tool usually consisting of lead, iron, or copper 
charged with abrasive for fine grinding. See Lap, Lead. 

Lap, Lead— Usually a bar of lead or copper, a trifle smaller than 
the hole to be ground. Emery or some fine abrasive is used 
which gives a fine surface. Laps are sometimes held in the 
hand or are run in a machine and the work held stationary. 
Also consists at times of a lead-covered disk, revolving hori- 
zontally, which is used for grinding flat surfaces. Very similar 
in action to a potteFs wheel. Flat laps are usually of cast iron. 

Lapping — A refined process of finishing surfaces with a fine abrasive, 
such as diamond dust or very fine commercial compounds. 

LATHE: 

Lathe, Engine — ^The ordinary form of lathe with lead screw, power 
feed, etc. 
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Engine Lathe Parts 


1. Ball bemng dnving pulley. 

2. Pulley for pump. 

3. Reverse plate lever, 

4* Quick change gears. 

T gear plunger, 

o. Length feed clutch. 

7. Positive feed stop. 

8. Adjustable feed stops. 

9. Speed change levers. 

10. Speed index plate. 

11. Oil hole. 

12. Oil drain. 

13. Double nose on spindle. 

14. Oil gage, 

-15. Four-way tool block. 


16. Base to compound nest. 

17. Auxiliary tool block. 

18. Compound rest. 

Ip- Diameter stops. 

20. Operating levers. 

21. Thread indicator. • 

22. riand feed wheel 

23. Apron. 

24 . Tdlstook spindle clamp. 

clamping bofia 
20. Shears or ways. 

27. Rack, 

28. Lead screw, 

29. Chip pan. 

30. Steady rest. 


Lathe Apron-— Parts of 


1. Cross-feed screw. 

2. Cross-slides. 

3* Wing of saddle. 

4. Gross-feed pinion. 

S- Cross-feed gear. 

6. Cross-feed handle. 

7. Rack. 

8. Power cross-feed and control. 

9. Gear in train. 

10. Pinion for cross-feed. 

11. Main driving pinion. 

12. Bevel gear. 

13. Bevel pinion. 

14. Peed worm. 

15. Peed- worm wheel. 


16. Clutch ring. 

17* Clutch levers. 

18. Pinion, 

19. Gear in train. 

20. P^d-clutch handle. 

spreader. 

21. Hand pinion. 

22. Carriage handle. 

23. Lead screw. 

24. Rack-oinion knob. 
24 A. Rack pinion. 

25 : Peed rod. 

26. Upper-half nut. 

27. Lower-half nut. 

28. Half-nut cam. 


Note. Cross-fe^ is from bevel pimon 13, through gears 12 n q 
f ^-fSular feed is through worm 14, worm wheel ic’ 
tWmb t’ 18, _ gears 19 and 24,4. Hand movement 

T T handle^22, pinion 21, gear 19, and pinion 24,4 

^ lengthened or short- 

ped. When bed is made longer, there is a gap near head 
_ ^^in^easmg the swing for faceplate work. S P “ear Head, 

loathe, Fox— Brass workers’ lathe having a “fox” or chasing bar fnr 
cutting threads. The bar has a “leader” that afts as ! tt t 
hob” of the desired pitch (or half the 
pitch if the seared down 2 to i) and carries a tool along at 

baclfhead ■ Sometimes has a turret on\hl 

Lathe, Precisioii--Bench lathe made especially for small and very 
accurate die, Jig, or model work. xx u-nu very 

Lathe, Projectil^Simpiy a heavy lathe for turning up projectiles. 
T has attachment for pointing them, 

^ turning pulleys, can turn 

them crowmng or straight. ’ 
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Lathe, Screw Cutting— Having lead screw and change gears for 
cutting threads. 

Lathe, Shafting— For turning long shafts or similar work. 

Lathe, Speed— A simple lathe with no mechanically actuated car- 
riage or attachments. 

Lathe, Spinning — For forming sheet metal into various hollow 
shapes, all circular. Done by forcing the sheet against a form 
of some kind (with a single, round-ended tool) while it is 
revolving. 

Lathe, Turret — A lathe having a multiple toolholder, or turret, 
that revolves and takes the place of tail or foot stock. Many 
have automatic devices for turning turret and for feeding tools 
into the work. 

Lathe, Vertical — Name given a type of vertical boring mill on 
account of a sidehead which acts very much like a lathe carriage 
and does a large variety of work that would ordinarily be done 
on the faceplate of a lathe. 

Lathe, Watchmakers’ — A very small precision lathe. 

Lathe Apron — The front of a lathe carriage that supports the 
mechanism for feeding it along the bed. See page 1295. 

Laying-Out Bench — A metal bench or plate having a level metal 
top, on which work can be laid out for future machining 
operations. Both this and the inspection bench are sometimes 
called “leveling benches.” 

Lead— The advance made by one turn of a screw. 

Level, Quartering — A tool for testing driving wheels to see if crank- 
pins are set 90 degrees apart. The level 
^ has a forked end and with the angles shown. 
Placing this on the crankpin and lining the 
X edge with the center of axle should bring 

the bubble of level in the center. If the 
r I same result is obtained on the other wheel, 

^ the crankpins are 90 degrees apart. 


Levers — Arms pivoted or bearing on 
points called fulcrums. Divided 
into three classes as shown: First 
has fulcrum or bearing point 
between power and weight; second 
has weight between power and 
fulcrum; and third has power 
between weight and fulcrum. 


Liner— A piece for separating pieces a desired distance; also called 

.■'..shim, ■ ■ 


Machine Tool— The name given to any machine of that class which, 
taken as a group, can reproduce themselves, such as the lathe, 
drilling machine, planer, milling machine, etc. No other class 
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of machines can be used to build other machines, and because m 

this, machine tools are toown as the “ master tools of industm°> 

Mandrel— Shafts or bars for Tieii?' 

ti H ^els, as shown at the top, havta 

taiier of about 0.010 inch per fLr 

j— — ■— .=q — and are forced into the*^ i^ork 

UJ P J — i There are also several types of 

- expanding mandrels, three beint 

jgi shown. The second and f ourtf 

^ ■ sor^' mandrels have spring sleeves on a 

>=========p_^ taper bar. The third has blades 

Q l ira) tapered grooves. Man- 

^ ^ drels should not be confused with 

pbors that are for holding and driv- 

Mar:tog MMhine— A machine for stamping” trade-marks patent 
. roUrand”^Ued”into^w^^^^^ Stamps are usUUy on 

Master Plate— See Plate, Master. 

^tge bench micrometer calmer 
work such as taps, reamws 
. of mechanicJSo1s“^^ to utilke light waves instead 
Milling Machine— A machine in which the operating tool i*; a 

.TSrCts. 

3 ^ if sal-Has work table and feeds so arranged 
°f circular, helical, index, or other minfL 
may be done. Equipped with index centers, chuck, eta ® 


sfi:-'- 
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MILLING MACHINE, 

Column. 19. 

Knee. 20. 

Saddle. 21. 

Universal swivel block. 22. 

Work table. 23. 

Over arm. 24. 

Arm bracket or arbor supports. 25. 
Ann braces or harness. 26. 

Knee clamp for braces. 27. 

Spiral dividing head. 28. 

Tailstock. 29. 

Starting lever. 30. 

Speed change lever, 31. 

Peed change lever. 32. 

Arm clamp screws. 33. 

Table stops. 

Steady rest, 34. 

Cross feed screw. 35, 


UNIVERSAL 

Elevating shaft. 

Elevating screw — telescopic. 
Saddle clamp levers. 

Vertical feed trip blocks. 

Change gear bracket. 

Spindle lock. 

Peed box. 

Cross and vertical feed handle. 
Table trip handle. 

Spindle collar. 

Interlocking feed lever. 

Table screw. 

Oil sight gage. 

Oil drain plug. 

Cross and vertical feed reverse 
lever. 

Primary feed selection lever. 
Secondary feed selection lever. 
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Pin, Dowel, Screw— Dowel pins are customarily made straight nr 
plam taper and fitted into reamed holes. When applied in 
a position m a mechanism that it is impossible toTemove them 
by driving out, they are sometimes threaded and screwed intn 

place. They position two mating parts. 

Pin, Taper—Taper pins for dowels and other purposes are retrukrlv 
manufactured with a taper of J inch to the foot and from f to 

— ■ ■ - 6 inches long, the diameters of the large 

( — end of the sizes in the series ranging from 

\ r ^ reamers for 

• « 1 „ .r s® proportioned that each 

D-+ smaller size by about -J inch. 

™ * r?^ distance from the center of one screw thread or gear 
tooth or serration of any kind, to the center of the next ^ Tn 
screws with a single thread the pitch is the same as the lead but 
not otherwise. "-u um 

Pitch Di^eter~-In a screw thread the diameter at the center of 
the thread depth, without considering clearance. In sear<; 
the diameter at the point of contact of the teeth. This mav 
be at the center of the tooth (without clearance) or mav be 
moved in or out, according to the design of the tooth. 

Pillow Blocks— -Low shaft bearings, rest- 
ing on foundations, or floors, or other 
— fe zn supports. 

Pitm^— A connecting rod; term used more commonly in connec- 
tion with agricultural implements. 

Planchet—Blank piece of metal punched out of a sheet before 
being finished by further work. Such as the blanks from which 
coins are made. 

Planer—A machine for producing plane surfaces on metals. The 
work IS held, on table or platen which runs back and forth under 
the tool which is stationary. 


Planer Centers— A pair of index centers 
to hold work for planing. Similar to 
plain milling machine centers. 


Planer, Open Side— A planer with only one upright or housing, 
supporting an overhanging arm which takes the place of the 
usual crossrail Useful in planing work too wide to go between 
the housings of the ordinary planer. 

Planer, ^dius— For planing parts of circles, such as links for loco- 
motive or stationary-engine valve motion. 

Planer, Really a large milling machine in which the work 

is c^ned past a rotary cutter by the platen or table. 

Planer, Travelmg Head— Planer in which work is stationary and 
tool moves over it. Seldom used in United States. 
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PLANER 


List of Parts of Planer 


1. Bed. 

2. Master switch. 

3. Slotted lever. 

4. Bull gear shaft. 

5. Shifter lever. 

0, Front dog, right hand. 

7. -Table, 

8. Left-hand sidehead. 

9. Tool clamp. 

10. Apron of left-hand rail head. 

11. Toolbox of left-hand rail head. 

12. Slide of left-hand head. 

13. Slide clamp of left-hand head. 

14. Downfeed screw, left-hand head. 

15. Graduated collar for downfeed. 

16. Downfeed crank. 

17. Harp, left-hand head. 

18. Saddle of left-hand head. 

19. Fail. 

20. Cross-feed screw for right-hand 

head. 

21. Downfeed rod. 

22- Cross-feed screw for left-hand 
'head.; 'v; 

23. Counterweight cable for left- 

hand sidehead. 

24. Left-hand housing. 

25. Left-hand rail elevating screw. 

26. Rapid-traverse gear case, left 

hand. 

27. Sidehead counterweight sheave. 

28. Centralized oiler for traverse 

gears. 


29. Traverse motor, 

30. Rail-setter gear case. 

31. Safety clutch for rail setter. 

32. Elevating shaft. 

33. Case for traverse gears, right 

hand, 

34. Centralized oiler for traverse 

gears. 

35. Rail-setter lever. 

36. Traverse-control shaft. 

37. Traverse-drive shaft. 

38. Peed-drive shaft. 

39. Sidehead screw, right hand. 

40. Right-hand housing. 

41. Right-hand rail elevating screw. 

42. Top brace. 

43. Downfeed crank for right-hand 

head. 

44. Graduated collar for downfeed, 

right-hand head. 

45. Downfeed screw, right-hand 

head. 

46. , Harp for right-hand head. 

47. Slide for right-hand head. 

48. SHde-clamping screw for right- 

hand head. 

49. Saddle for right-hand head. 

50. Toolbox for right-hand head. 

51. Apron for right-hand head. 

52. Toolbox clamping bolts, right- 

hand head. 

53. Graduated collar for cross-feed 

screw of left-hand head. 
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54. Graduated collar for dowiifeed 
at end of rail. 

SS- Graduated collar for cross-feed 
of right-hand head. 

5 6. Traverse lever for left-hand 
_ head across rail. 

57. Traverse lever for slides up or 

down. 

58. Traverse lever for right-hand 

head across rail. 

SP. Ratchet feed gear for left-hand 
head. 

60. Ratchet feed gear for downfeed. 

61. Ratchet feed gear for right-hand 

head. 

62. Rail-lock shaft. 

63. Feed reverse-tumbler gear. 

64. Cantslip feed dial. 

65. Sidehead crank. 

66. Sidehead cantslip feed dial. 

f 7 * Ratchet feed gear for sidehead. 
68. Centralized oiler for sidehead. 


• o£ ri?ht-hand sidehead. 

. Clamp for sidehead slide 

. Harp for sidehead. 

. Graduated collar for feed, side- 
head. 

. Slide for sidehead. 

. Sidehead toolbox. 

. Sidehead apron. 

. Self-releasing plunger for side- 
head apron. 

. Crank for in-and-out feed on 
sidehead. ^ 

. Rapid traverse lever for side- 
head. 

. Bevel gears for feed drive. 

. Shaft for second intermediate 

, Flexible coupling for drive shaft 

. Reversing motor. 


Planishing— The finishing of sheet metal by hammering with 
smooth-faced hammers or their equivalents. 

Plate, Master— A steel plate serving as a model by which holes in 
jigs, fixtures, and other tools are accu- 
rately located for boring. In the illus- 
tration the piece to be bored is shown 
doweled to the master plate, which is 
mounted on the faceplate of the lathe. 
In the master plate there are as many 
holes as are to be bored in the work, 
and the center distances are correct! 
The plate is located on a center plug 
fitting the lathe spindle, and after a 
given hole is bored in the work, the 
master plate and work are shifted and 
relocated with the center plug in the 
j. ... , next hole in the plate and the corre- 
sponding hole in the work is then bored out. This is one of the 
most accurate methods employed by the toolmaker on precision 
work Largely used before the advent of the jig borer. 

Platen— A work-holding table on miller, planer, or drill. 

Plumb, Bob, Mercury — Plumb bob filled with mercury to secure 
weight in a small space. 

PRESSES: 

^ess, Blanking — For heavy punching or swaging. 

Press, Broaching-— A press for pulling or forcing broaches through 
holes m metal work. ^ 

Press, Cabbaging— For compressing loose sheet-metal scrap into 
convenient form for handling and remelting. 

Press, Coinmg— For making coins from metal planchets previously 
bilked out ^ Usually has a toggle action. 

Press, Double Action— Has a telescoping ram or one ram inside the 
other, each driven by an independent cam so that one motion 
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follows the other and performs two operations for each revolu- 
tion of the press. 

Press, Forcing-— For forcing one piece into another, such as a rod 
of brass into a locomotive connecting rod. 

Press, Forging — For forging metal by subjecting it to heavy pres- 
sure between formers or dies. 

Press, Horning — For closing side seams on pieced tinware. 

Press, Inclinable — One that can be used in vertical or inclined 
position. 

Press, Pendulum — Foot press having a pendulum-like lever for 
applying power to the ram. 

Press, Screw — Pressure is applied by screw. 

Press, Straight-sided — Made with perfectly straight sides so as to 
give great strength and rigidity for heavy work. 

Profiling Machine— A milling machine in which the cutter can be 
made to follow outline or pattern in shaping small parts of 
machines. Practically a vertical milling machine. 

Protractor, Bevel — Graduated semicircular protractor having a 
pivoted arm for measuring off angles. 

Pull-pin— A means of locking or unlocking two parts of machinery. 
Sometimes slides gears in or out of mesh and at other times 
operates a sliding key which engages any desired gear of a 
number on stud.^ 

Pulley, Gallow or Guide — ^Loose pulley mounted in movable frames 
to guide and tighten belts. 

Pulley, Idler — A pulley running loose on a shaft and driving on 
machinery, merely guiding the belt. Practically same as a 
“loose pulley.” 

Pulley, Loose — Pulley running loosely on shaft doing no work. 
Carries belt when not driving tight (or fast, or working) pulley. 
Is used on countershafts, for belt driven machines idle part 
of time, Belt is then on- the loose pulley, but when shifted 
to tight pulley, the machine starts up. 

Punching— A piece cut out of sheet stock by punch and die; the 
same as blank. 

Punch, Belt— Hollow, round, or elliptical punch for cutting holes for 
belt lacing. 

Punch Press— Machine in which a ram moves a punch against, or 
through, a die held in the frame on a bed or bolster. Made 
for punching holes or forming metal. Some now form a whole 
automobile top at one stroke. 
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PUNCH PRRSS 

1. ■■Bed.- '',■'''■ ■ ' ' ' 

2, Right-hand uipriglit. 

! 3. Left-hand upright. 

i 4. Crown (these four^ parts together with the necessary tie-rod nuts 

r (part 2s) and the tie rods (part 26) constitute the frame which may 

also be of a solid casting on some of the smaller machines) . 

or inner slide. (On single-action presses this would be called 

I “ a slide.) 

I 6 . Blank-holder or outer slide. 

‘ 7. Bolster, 

i 8. Bolster bolts. 

9. Operating lever. 

10. Gib. 

11. Intermediate gear-supporting bracket, 

12. Intermediate adjusting gear. 

13. Worm-gear case. 

14. Bevel gear, 

i 15. Yoke. ■ 

16. Center bearing cap. 

I 17. Main toggle link. 

18. Right-hand main gear. 

19. Cross-head guide. 

20. Main toggle lever. 

21. Universal joint. 

: 22. Cross head. 

23. Sleeve. 

s 24. Cross-head guide bracket. 

V 25. Tie-rod nut. 

j 26. Tie rod. 

■ 27. Air cylinder, 

f 28. Bevel §ear. 

I 29. Adjusting shaft. 

30. Crankshaft, 
i 31. Universal lever. 

32. Universal connection leaf. 

! 33. Connection cap. 

i 34. Connection. 

. 35. Connection screw-clamp adjusting screw. 

I 36. Connection screw clamp. 

; 37. Counterweight. 

38. Flywheel. 

i 39. Flywheel clutch, 

i 40. Side-arm bracket spacer. 

I 41. Left-hand main gear. 

I 42. Blank-holder adjusting screw. ' 

43. Blank-holder adjusting screw nuts. 

44. Flywheel brake. 

45. Side-arm bracket. 

Q 

Quadrant- — A segment of a circle. The swinging piate carrying 
^ the change gears in the feed train at the end of the lathe. 
Quick Return— A mechanism employed in various machines to 
give a table, ram, or other member a rapid movement during 
[ /the return or noncutting stroke. 

Quill— A hollow shaft that revolves on a solid shaft, carrying 
I pulleys or clutches. When clutches are closed, the quill and 

I shaft revolve together. 
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Rack— A strip cut with teeth so that « 
(VvVWIaA can mesh with it to convert 

V ■ / “to reciprocating motion “ 

Vice versa, 

r. pis .*sr!g;'zs,„“!i?e,Sni i'-' 

. Ratchet Drni— Device for turning a drill 

R handle cannot make a com 

^ ^ ratchet wheel on 

O the barrel so that it can be turned one 

REAMERS: or more teeth. 

are of many kinds and shape as indicated below ' 

Ran the finishing touch to a ^ " 

BaU Reamer— Usually a fluted, hemispherical reamer for mnUn 

£ilr 

, Center Reamer— Center reamers, or counter- 

/ rT\ sinks for centering the ends of shafts etr are 

I— -4iL> usuaUy made 60 degrees included anrie 

Sialfy^ ~ - 

^ 'I- I 3 ^^“ckingRe^er— Chucking reamers 

Fluted are used m turret machines. The 

, -j— - plain, fluted type has teeth 

C rf eved the whole length; while 

Rose 1;^ "““o^outs only on the 

■** 6 “<i. as there is no peripheral 

%3fr=slisS^i 

holes, etc. They are also made with 

C through them and in 

adapted to operating in 
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Flat Reamer— A reamer made of a flat piece of steel. Seldom 
used except on brass work and tben usually packed with 
wooden strips to fit the hole tightly. Flat reamers are not 
much used except for taper work. 

Half-Round Reamer — Used considerably in some classes of work, 
particularly in small sizes and taper work when taper is slight. 
Not much used in large sizes. Somewhat resembles the hog- 
nose drill” in general appearance except that this is always 
quite sharp on cutting edge. 

Rose Reamer — A reamer with teeth only on the front end and 
only clearance or chip grooves, or flutes in the body. Gutting 
edge is usually 45 degrees. 

Shell Reamer — Shell reamers have taper 
holes to fit the end of an arbor on 
which they are held in the chucking 
machine. They are made with 
both straight and helical flutes. 
Made with a variety of flutes. 
Taper hole is i inch to the foot. 

Taper Reamer — For finishing taper holes two or more reamers are 
sometimes used. The roughing reamer is often provided with 
nicked or stepped teeth to break up the 

e — — reamers are also made 

with helical teeth. Where the taper is 

Roughing slight, the helix should be left-hand to 

prevent the reamer from drawing in too 
fast; where the taper is abrupt, the 
teeth, if cut with right-hand helix, will 
Finishing }ielp hold the reamer to the cut and 

make the operation more satisfactory. 

Taper-Pin Reamer — See Taper Fins. 

Recess— A groove below the normal surface of work. On flat work 
a groove to allow tool to run into as a planer, or a slide to run 
over as a crosshead on a guide. In boring a groove inside a 
hole. If long it is often called a ‘‘chamber.” 

ReHef or ReHeving — The removing of material or the amount 
removed to reduce friction back of cutting edge of a drill, 
reamer, tap, etc. Also applied to other than cutting tools. 
See Backing Off. 

Riffle — Name given a small file used by die sinkers and on similar 
■ work. ' 

Rivet — A pin for holding two or more plates or pieces together, A 
head is formed on one end when made; the other end is upset 
after the rivet is put in place and draws the riveted members 
close together. 
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Rivet Machine— Machine for making rivets from metal rods 


‘ p 



M'fUWPj 

liw] 

YP"jiii|i[ili'm 

IlLlLuJ 


Machine Head 
B — Cone head 
C— Wheel head 
D-—Oval countersunk head 
jS — G lobe head 
F — Round head 
G — Truss head 
JET— Flathead 
/> — Countersunk head 
J — Bevel head 
2^ — -Wagon-box head. 


Rule, Hook-Rule with a hook on the 
end for measuring through pulley 
holes and in similar places. 


Rule, Keyseat— For laying out keyseats on shaft or in hubs. 

Kule, bnrmk — Graduated to allow for shrinkage in casting. User 
by pattern makers and varies with metal to be cast 
Jomt— A joint made by application of cast-iron turnings mixed 
with sal ammoniac and sulphur to cause the turnings to ruQt 
and become a solid body. xusi 


Blast— Sand is blown by compressed air through a hose as 
dgired. Used to clean castings, stonework, etc 
baw, B^d— Continuous metal band, toothed on one edge and 
guided between roHs, Mostly used on woodwork, but its 
use on metal work is increasing. 

Saw, Cold— Machines for sawing metal with circular saws. 

formed on a piece of metal which is to be 
TOOLS: 

Box Tool, Bushing — The cutters in this 
tool are placed with edges radial to 

the stock and may be adjusted to 
turn the required diameter by the 
screws in the rear. The stock is 

supported in a bushing and must 
therefore be very true and accurate 

as to size. 
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Box Tool, Finishiiiig— Tlie material 
turned in this box tool is supported 
by adjustable back-rest jaws, and 
the cutters are also adjustable in 
and out, as well as lengthwise, of the 
tool body. 


Box Tool, Roughing— This tool has one or more cutters inverted 
over the work and with cutting edges tangent to the material 
The back rest is bored out the size the 
screw or other piece is to be turned, and 
the cutter turns the end of the piece 
to size before it enters the back rest. 
Sometimes a pointing tool is inserted in 
the shank for finishing the end of the 
work. 




Brin Holder — The end of the drill holder 
is split and provided with a clamp 
collar by which the holder is closed 
on the drill. 


Feed Tube — -The screw-machine feed tube or feed finger is closed 
prior to hardening and maintains at all times a, grip on the stock. 

The rear end is threaded and screwed 
into the tube by which it is operated. 
It is drawn back over the stock and 
when the chuck opens, is moved for- 
ward, feeding the stock the right dis- 




Circular Dovetail 


tance for the next piece. 

Forming Tools— Circular forming cut- 
ters are generally cut below center 
to give proper clearance, and the 
tool post is bored a corresponding 
amount above center to bring the 
tool on the center line. Dovetail 
cutters are made at an angle of 
about 10 degrees for clearance. 


Hollow Mill — Usually made with three prongs orxutting edges and 

^ — -N. with a slight taper inside toward the 

— * 7 ^ A ^ clamp collar is used on mill 

I I I like a spring-die collar, and a reason- 

-- k-/ j able amount of adjustment may be 

' y obtained by this collar. Hollow mills 

are frequently used in place of box 



tools for turning work in the screw 
machine. 

Knurling Tool— The two knurls in this 
box are adjustable to suit different 
diameters of work. 
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« - Tool-The bushing in thi, 

& tool receives and support tL 

.J of the round stock, fnd the 

carried in the frame form i 
y point the end. ™ 

/^pviN 

// 1 ~r\ 1 At the rear end of the 

I Uj Pi H ] j~ — TOT that engages a pin in thn 

wy CJ ^ j j jJuJ shank of the head when the rltV • 

th. i, „„„,J pSrSIwd"' ml 

/ 1 ' tool spots a cenfAi. 

li I of the bar of stnrT? 

1 J f ow the drill to start prop^^^^^^^ 

Sometimes called “centering and'faci^»T‘^r^ «ie_piece ’true. 

included angle of the cutting nnlnf desirable 

SpriSciriT •• “If “»•« 41" ““ “r 

P mg CoUet-Spnng collets or chucks are made to receive rounrf 

worked 

E#-=rcii%n?pis| 

open sufficiently to free the ctAoF „ 
/W~~\ *^’^°“gii the collet ” 

m\ ^\ f]\ n E^ension-Spring dies 

ao(u^ SOIfiv/lSgi'ts 

m ^ .h..pM by gri„Jb« to 

piece that forms the holder! ^ ^ ^ ^ sometimes cut in the 

Boltsf Nu“t Md'sc'J^w. ““few M^heT 

shown here. See Section ^ ® varieties are 

e ^-j Collar Screw — Collar or collar-head 

niii i 
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Double Shoulder 
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p-|__ ^ Shoulder Screw-Shoulder screws are 

r ^Hii 

LJ to operate freely. The screw bodv 

Single Shoulder “ than the thickness 

n-H-.....:. l“aK‘S25r.K: 

P _IIIii| =- oT ffe 

' — J double shoulders two members may 

Double Shoulder oe mounted side by side and left 

free to operate independently of 
each other. 

/ Thuinhscrcw A screw with a winged or 

I llriiiMilllffiili head, which may be operated 

1 jpJWTOIljlili/ by hand when a quick and light 

\ T clampmg effect is desired. 

n Washer-Head Screw — The washer formed 

/ 0“ screw enables it to be used for 

X unmi JpSSg'xrJ.te""'—*"'™' 

Wood Screws— Wood screws are made in an endless variety of 
forms, a number of which are shown on the following pLe* 
They range m size from No. o to No. 30 by the AmerS Screw 
Company s gage and are regularly made in lengths from \ inch 
of 1 thread is cut about seven-tenths 

The flat-head wood screw S 
an included angle of head of 82 degrees. ^wrewnas 

sector— A device used on an index plate of a dividing head for 
of holes to be included at ea4 advance 
of the index crank in dividing circles. The sector can be 

CO ver Ibe K P,°’’ as necessary to 

crank.^* desired number of holes for each movement of ^e 

Set--The bend to one side of the teeth of a saw. Any deformation 

Shaft 

nsually^conflneK 

the machinery of a shop or 

haper A machine in which the work is held on table or knee 
while the tool held by a tool post on the moving ram pioves 
Shane?°rr ir adjustable for depth of cut, etc 

motion^"'"'' “ driven by a crank 

Shaper, Draw Cut— The cutting stroke takes place when tool is 
^^togSher"!^ machine. This tends to draw the 



DICTIONARY OF SHOP TERMS ' 


1315 



SHAPER 


1. Tool post. 

2 . Clapper block. 

I 3. Clapper box. 

I 4. Tool head, 

j S. Tool-head feed screw. 

6. Tool slide. 

7. Ram adjuster. 

; 8. Position lever, 

i '■ 9, ■ Ram,. 

I 10. Stroke indicator. 


11. Stroke scale. 

12. Ram guide. 

13. Oiler. 

14. Table. 

15. Vise. 

16. Saddle. 

17. Cross-feed. 

18. Feed adjustment. 

19. Control lever, 

20. Speed change box. 


Shaper, Gear-— A macnine for planing or shaping gear teeth by 
using a hardened cutter, shaped like a pinion gear as a tool, and 
moving it across the face of the gear. 

Shaper, Geared — The ram is driven by rack and pinion with a slow 
cutting stroke and a quick return by shifting open and crossed 
belts the same as on a planer. 

Shapers, Traverse or Traveling Head— The ram feeds along work, 
which is stationary. 

Shaving— The removal of small quantities of material to ensure 
correct size or shape. Refers to both punch and die work and 
to finishing of gear teeth by special cutting tools. 

Shears — Tools for cutting metals between two blades. The ways 
on which the lathe carriage and tail stock move are called 
^'shears” by some, “ways’* by others. They may be either V, 
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terms 


'“no^f ?r“J;5 fr«; s‘n' ■»* 
a.„asjis?£rggs^r.i'p*s3s; , 

, of any iron product. • ot dry galvanizing 

Sh- b^^esslng^t^idel or 

■■‘“ “> ■»•”»> «»<•"«. .• »=™ p„^„ 

Shxinfe Fit— Expanding an outer member bv beat tn • 

Its diameter so it will ovf^r tliA I’r,,,?/ increase 

“ orr^i.Tcti,S“ 3 

sa-Sp-a *«a'«r3S.r- > 

|u, winS'wSsX"”"* 

Slotted Washer— See Washer, Open. 

" folding work, such 

locatinlpointortokvfut fr^^ fi for a 

ss?l-as s".3-r3i33,*'K2ft 

abrasive, to make a variegated^su^is'cauS'spoto^^ “ 

SPRINGS: 

Jll llllllllllff flll Spring, Compression— A helical spring 

whicii tends to shorten in action. 

f i-.-A iii= . ™ 

X:^ “' -““k. k-* 


■ 
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Spring, Tension — helical spring which 
tends to lengthen in action. 

Spring, Torsion— A helical spring which 
operates with a coiling or uncoiling 
action as a door spring. 



Spring, Valve— A helical spring used on valve stems 
and similar places, each coil being smaller than 
the one below, in order that the spring may close 
up into a very small space and then have a con- 
siderable range of action. 


Sprue Cutter — A cutting punch for trimming sprues from soft metal 
castings. 

Square, Caliper- — A square with a caliper adjustment for laying out 
work. 



Square, Center— For finding the center 
of a round bar by placing across the 
end and scribing lines in two differ- 
ent positions. Also used as a T 
square. Not so much used as 
formerly. 


Square, Combination — A tool combin- 
ing square, level, and protractor in 
one tool. 


T Square— A straight edge with a 90-degree head at one end com- 
monly used on the drawing board for drawing straight lines. 
It also forms a guide on which triangles are used. 



Square, Try — Small square for testing 
work as to its being at right angles. 


Star Wheel Feed — An intermittent feeding device where a wheel 
with projections on its edge is fastened to a feed screw and 
turns it whenever a point on the wheel strikes a pin. Fre- 
quently used on boring bars where the tool head is fed by a 
screw as the bar turns in the bore. 

Steady Rest — A rest attached to the lathe ways for supporting long, 
slender work, , ^ ^ 

Steel, High-Speed — A name given to steels which do not lose their 
hardness by being heated under high-speed cuts. Alloy steels 






} 
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which depend on tungsten, chromium, manganese moi i. 
cx etc-, for their hardness. ’ /""Sanese, molyb- 

Stocks, Ratchet— Die stocks with ratchet handles 
Straight Edge— A piece of metal having one edge ground 

scraped flat ancftrue. SmaU ones are® ometimef mlde of sS 

straight edges are usuafly of 

^!oOOOOo1>v proportioned to resist 

' ' ' ' ' “g “d are used for testing the 

Strapping— A method of butogty^thrSe^’rf'a^flexiM? 
belt, usually made of cloth®and covered with fbms to 

SfshS Jg“ IS . 

the punch to pass freely; upon the upstroke S thTuunf^ ^ 

Stud'^cZr' metal from liftinl with the puLh “ 

btud, Collar— The collar stud forms a satisfactory device for 

r— — — n . rocker levers 

nz iti 

sP^it washer, to retain the gear, or Xt 
Q+t,ri ct, A P^rt in place. ’ ■ 

r SSi£tSV=is”'3 

P ill ^ f°rm of Xt or 

i5ti&-A mXdlf’ Section XV. 

‘‘%-4 ™ S'l.TS if AS';??;”,' 

^^^*®®~Cast-iron plates with sur- 

wo* ^se in testing 

. Nr~ li work. Should be made m sets of three 
P that each one has a per- 

Swam-rur , beanng with the two others ^ 

<■' ~w by 

shape without cutting. forcing the particles to change 


!Op^ 

caPo^O C 

DDeSoO? 


Swa^g Blocks— Blocks of cast 

iron ur steel to assist black- 
smith in swaging and bending 
iron to various shapes. .4 is 
X use in the hardie hole in 
the anvil, B can be used any- 
where but is usually on or 
beside the anvil. 
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Swaging Hammer— A connection with 
the swaging block to swage metal to 
the desired size and shape. 


Swaging Machine— A machine for reducing, tapering or pointing 
wire or tubing either between rolling dies or by hammering with 
rapid blows between dies of suitable shape. 

Sweating— Another name for soldering. 

Swing of a Lathe— In the United States the swing of a lathe means 
the largest diameter of the work that can be swung over the 
ways or shears. In England it means the distance from lathe 
center to the ways or one-half the United States measurements. 

K ■' ' T '■ ■ ■ 


Take-up-Name given to device for taking up slack in belt or rope 
■■ drives. 

Tap— Hardened and tempered steel tool for cutting internal 
threads. Has a thread cut on it and flutes to give cutting 
i edges. 

Tap, Echols Thread— This form of tap has every other thread cut 
away on each land, but these are stag- 
gered so that a space on one land has 
a tooth behind it on the next land. 
This is done for chip clearance. 

Tap, Hob, Sellers— Has threads in center 




and numerous flutes. For hobbing 
dies and chasers. 


Tap, Patch-Bolt — Tap for boilermakers* use in patching boilers. 

/ 7 Sms vary by sixteenths from 4 to 

f [ inches. All threads are 12 to the 

' — inch, and taper is J inch per foot. 

Tap, Pulley — Tap with a long shank to 
reach the hub of pulley for tapping 
fa' setscrew holes. . 

Tap Remover— Device for removing broken taps. Usually has 
prongs which go down in the flutes and around the central 
portion. 

Tap, Staybolt— Tap for threading boiler sheets for staybolts. A 
reams the hole, B is a taper thread, C is straight thread of right 
^ square for driving tap. All 
„ - _ . standard staybolt taps have 12 threads 

^ ^ ^ per inch. 


Tap, step— Tap made with steps** of varying diameters. Front 
end cuts part of thread, next step takes out more and so on to 
the end. Only used for heavy threads, usually square or Acme. 

Tapped Faceplate— Having a number of tapped holes instead of 
slots. Studs screw in at any desired point. 
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(tapping) in 

. Toggle— Arrangement of levers to ™„l 

tiply pressure obtained by maSn; 

“°'^“giventoworkvMy3 

T ^ ^^Aan movement of 

tSSS,1kS£IS‘ “J f 

pieces of tool steel for citing took 

These can be removed for sharpening 1; 
^■^3 renewal without moving the hSder®anrf 

saves resetting the tool to the work ° 


Topd h 
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TOOLS, LATHE— WM. SELLERS & CO. 
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Broad ISfoee or Stocking T®ol. 


Left-hand Siding Tool- 


Bight-hand Siding Tool. 


Cattiug-Off Tool 


For Mniahlng in Comers. 


Eight-hand Bevel Tool. 


Left-hand Bevel Tool. 



For Smoothing Wrought Iron or Steel, Smoothing Tool for Oast Iron 

TOOLS, PLANER AND BLOTTER 


Blotter 

Planer j 


Conar 

O' 

Ohamfering 

OEl 

Bent Finishing 

90 ® Angle 

Eight 

Bide Finiehing 

FJniehing 

dza" 

O' 

Kind 

Bight 

Bl^t 

of Tool 

g|P 

If 1 

Otpfp 

III 

ra* 0 ■ m 

^ S2 E2 

•s a 1 

0 * 0 o' e 

II f P 

ft* 0 cf P 

y w 2 52 

•§ g. 1 8* 

ft. 0 o' p 

Face 

-i 

0 % % 

"0 % 

^ ®o 

W ^ Cft « 

eH. CO CO 

Clearance 

SqtMur# 

P 

45® Angle Slot 

n=ll. 

Beat Finishing 

30 “Angle 

rv,„c. 

Bide Finishing 

pvri^o 

Splining 

c — h 

Kind 



Left 

0 

Left 
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Left 

cr 
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flffiir 
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A* * p 
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itg ?S-Si'i.S2d“'?S8,3.'" 

^^tzZIZZZq and actually 

Z' qP the depressions in the udillf 
®I3 ?°“e knurls are held in the 

^"-\J h“t for heavy kMrlSe rifp^ 

Tools, Inserted Cutter tool post as iiowrf 

tingtools. 

T l^roken or worn out^ ^ow H 

^^^^MlSfeaf Sew' Ilso'aJpSoleriS^e™^ 

^7“—^ Xrammels-For drawing lar^e 
'hgn^- or circles or for laying out ce£ 

I I on a beam and their 

I I length 5 

_ /^aromd Jtoredtofef”^ annular groove outside or 

mechanism at the desired 

Ss *“ si'irs 

7 in construction 

SjcSt^) K‘d.««’'S.'fe;'‘4'SS 

Hook and Eye one end only. 

Tuyere-Xhe pipe or opening intoforge through which air isforced. 

Vis^I-Vise for use on drill press to hold work being drided. 

to be held 

11 / hand. For small work that 

SSSd2“"“‘““='“>“« 
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Vise, Pin — Small hand vise for holding small wire rods. 

Y»g__-Ways shaped like a V, either raised above the bed, as on. a 
lathe, or cut below, as in a planer, for guiding the travel of a car- 
riage or table. 

W . 

Washer, Open— Washers with one side open so as to be removed 
or slipped under the nut to avoid necessity of taking the nut 
entirely off. Also called a C’’ washer. 

YTatt— The unit of electrical power and equals volts multiplied by 
amperes. 746 watts are equal to i horse power. 

Ways — The guiding or bearing surfaces on which moving parts 
slide, as in a lathe plane or milling machine. The ways may be 
of any form, flat, V, or any other shape. 

'[■ Welding — The joining of metals by heating the parts to be joined 
to the fusing point. Welding in an open fire is usually confined 
to iron and steel, but nearly all metals can be joined by electric 
or oxyacetylene welding. 

Welding, Butt — Welding two pieces end to end, without overlap. 
By electricity the parts are heated to the fusing point and 
forced into close contact. By flame welding the edges are 
beveled and metal melted into the openings. 

Welding, Lap — Pieces are lapped, and the contact surfaces welded 
by heat and pressure. 

Welding, Shot — An electric process patented by Budd whereby a 
welding current is ‘‘ shot^’ through the sheets in contact at 
very frequent intervals, welding the sheets at these points. 
It can be practically continuous, or seam’ ^ welding. Gener- 
ally used on thin sheet metal. 

Welding, Spot— Electric welding by current passed through the 
parts between the contact points when pressure is applied. 
Largely used in place of riveting, as each spot is practically a 
' rivet. ^ ■ ■ 

Wind— Pronounced with a long t as in ^‘raind” and refers to a 

I twist or warping away from straightness and parallelism. 

I Work Bench — Bench for handwork with vise, or for assembly. 

I Usually 33 to 35 inches from floor and about 30 inches wide. 

Now largely made of metal, usually with wood or linoleum top. 

Wrench, Bridge Builders’— Large heavy wrench with a hole in end 
for a tackle to apply power. 

! WRENCHES, mCHIN^ 

A variety of wrenches are illustrated herewith, and the usual 

name given. 

A 15-degree angle opening permits the turning of a hexagon 

nut completely around where the swing of the handle is limited to 

30 degrees. 


A 2 2i-degree angle opening permits the turning of any square 
head bolt or screw completely around where the swing of the handle 
is limited to 45 degrees. 





mm 


• ’ 


\ s 

! 

. I 


Hi 
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Single Ead, Hex. 


Double End, Hex. 


15® Angle, Single End 



15® Angle, Double End 


22J® Angle, Double End 


S — 221® Angle 


Single End, Set Screw and 
Machine 



Double End, Set Screw 
and Machine 


Double End, Tool Post 


Hex. Box, 15® Angle 



Pm-face, For Round 
Nuts Having Holes in 
their Face to Receive 
the two Wrench Pins 


Hook Spanner, Milled 
out to suit Round Nuts 
Having Notches in the 
Periphery to Receive 
the Hook at the End of 
Spanner 


Pin Spanner Used on 
Round Nuts which 
have Holes in the Per- 
iphery to receive the 
Spanner Pin- 



Triple Set Screw. 


Box ’’-Tool Post 


Socket 
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WRENCHES, MISCELLANEOUS 


Monkey or Screw 



Pocket Adjustable 


General Utility 


Stillson Pipe 



Vulcan Chain Pipe 



Pipe Tong 



Wrench, Tap — Wrench for holding and 
turning taps. Usually made adjust- 
able for different sizes. 

Wringing Fits — See Calipering and Fitting. 
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•1?^^ drop-forged wrenches are plain foreinss with /^r^ • 

4° fit the =>ut or screw on which they Lf to 
Semifinished wrenches are miUed to fit the nut 0° screw 1 , v . 
th^ are to be used and case hardened all over which 

wrenches are miUed to fit the nut or screw on which th 

wd^^dS iT4hr‘'’ 
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SECTION I 
MATERIALS 

Amola Steel. — Amola steels were developed by tbe late C. Harold 
Wills for the Chrysler Corporation to duplicate the physical prop- 
erties of chrome-vanadium steels at a lower cost, using balanced 
proportions of molybdenum, manganese, and silicon. The S.A.E. 

Table i. — Drill Speed eor Ampco Metals op Different 
Grades' 


Ampco 

Grade 

Tool Material . 

Roughing 

Finishing 

Speed, in 
Feet per 
Minute 

Peed, in 
Inches 

Speed, in 
Feet per 
Minute 

Peed, in 
Inches 

12 

Cobalt steel 

200 

A 

300 

t 

'■ Jl_ ■ " 

12 

Tungsten carbide 



500 

it 

16 

Cobalt 

I 7 S 


250 

it 

16 

Tungsten carbide ! 



400 

it 

18 

Cobalt 

175 

-h 

250 

it 

18 

Tungsten carbide 



400 

it 

20 

Cobalt 

100 

-h 

250 

it 

20 

Tungsten carbide 



350 

it 

21 

Cobalt 

100 

it 

200 

it 

, 21 ' 

Tungsten carbide 



300 

it 

■ 2 2 " 

Cobalt 

75 

it 

200 

it 

22 

Tungsten carbide 



300 

it 


4000 series is part of this development. In the proper proportions 
these steels include properties that permit their use for cold heading 
and forgings, spring steel, ball and roller-bearing steel, tool steels 
for shear blades, cold chisels, axes, and razor blades. They were 
first used commercially in 1933. ^ ^ ^ ^ ^ ^ 

^Ajnpco Metal—Ampco metal is a bronze alloy consisting of 
hard particles held in a softer matrix to give wear resistance. It is 
centrifugally cast and is used for bushings and wearing surfaces, 
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Grinding is best done with medium-hard wheels with clay bond 
and 30 to 46 grain. For snagging use 20 grain. When grinding 
must be done dry use high-suction exhaust fans with a capacity 
of 80 to 100 cubic feet per second. Grindings should be precipi- 
tated in water on account of fire hazard. Grinding wheels should 
be marked “For Magnesium Only.” 

Punch and die clearance should be small, 0.0015 inch being 
recommended for small sizes. Concaving the punch 3 degrees 
gives a smoother sheared edge. On sheets thicker than 0.065 inch, 
heating the sheet to 500 to 6oo°F. gives a smoother edge. The 
contraction after cooling must be allowed for in the punch. 

Dies for forming magnesium are usually heated either by gas 
or by electricity. In either case the heat must be kept at a uniform 
temperature over the entire die surface. 

The die surface should be kept well lubricated. A good mixture 
is 20 per cent graphite in tallow. Parts may be cleaned with a 
solution of 8 per cent chromic acid, plus 5 per cent nitric acid. 
A dip of 3 to 5 minutes at room temperature is usually enough. 
A 15 per cent chromic solution at boiling temperature can also be 
used. These fumes should be drawn off by ventilation, for they 
harm nasal passages. A tank of pure aluminum is necessary. 

I Thin magnesium sheets may be blanked and punched in the same 
f way as other metals. When over 0.064 inch thick they may show 

f a flaky fracture unless dies have very small clearance. Thicker 

sheets should be heated to 5oo°F., but the shrinkage must be 
allowed for in the punch and die. 

For bends of 90 degrees the sheets should be heated to 350 or 
4oo“F. for a radius of four times the sheet thickness. For a radius 
equal to the thickness of the sheet, a temperature of 600'^F. is 
necessary. 

MEEHANITE AND ITS HEAT-TEEAXMENT 

Meehanite is a processed cast iron produced Under rigidly con- 
trolled metallurgical conditions. Meehanite castings are made in a 
chain of foundries, under license to produce work from this metal. 
Castings have been used for the past 15 years in the construction 
of many types of machinery and industrial equipment with distinct 
advantages to the purchaser. Meehanite responds readily to 
heat-treatment and permits the achievement of high physical 
properties, accompanied by either hardness or machinability. 

Three of the different heat-treatments that may be applied 
successfully to Meehanite castings are; (i) annealing for stress 
relief; (2) quench and draw; (3) annealing for machinability, and 
also machinability in the as-cast condition. 

Stress relieving of Meehanite is carried out at temperatures 

i ranging from 850 to 1150'^F., depending upon the density of the 
iron. In this treatment, care must be taken to see that the casting 
is not overheated. Overheating causes a marked deterioration in 
the internal structure, with a resultant loss of strength. 

A casting heated, at iioo°F. for i hour per inch of section will 
have only a slight drop in tensile strength and hardness. Yet this 


I 
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temperature will remove any stress present in the casting and 
accomplishes the same results as the old process known as ‘' aging ” 
which was the practice of exposing iron castings to weather tempera- 
tures for a period of from 6 to 8 months. 

Quenching and Drawing.— This treatment consists of heating 
the Meehanite casting slowly to iioo‘'E, and then transferring the 
casting to a furnace heated to 1575 to i6oo°F. When the casting 
blends with the furnace, it is held at this temperature for 20 minutes 
per inch of section and then quenched in oil or water, preferably oil. 
Withdraw it from the quenching tank while warm — about 3oo®F -- 
and temper immediately. Draw temperatures depend upon the 
hardness or tensile strength required. Table 2 shows the results 
of draws at different temperatures on castings having an original 
tensile strength of 52,000 pounds per square inch, 

Ta3le 2.— Result of Draws at Different Temperatures on 
Meehanite 


Draw 

! Strength 

Brinell Hardness 

Temperature, ®F. 

Number 

570 

72.000 

78.000 

■ 4 SO . 

750 

■ ■ 430' V,. 

900 

75,000 

i , , ■ 33S' 

1000 

73,000 

291 

1200 

60,000 

256 

1300 

52,000 

234 

1400 

47,000 

207 


PLASTICS 

Plastics for Dies.— Two classes of plastics are used in making 
forming dies. Thermoplastics may be softened at any time by 
applying heat. Thermosetting plastics take a permanent set 
after their first heating. 

Catalin. — This is a cast phenolic resin that is noninflammable. 
It weighs 0,048 pound per cubic inch. It can be tumbled to remove 
tool marks and sharp edges. Its strength varies from 3,000 to 
6,000 pounds per square inch. 

Turning . — A zero or negative cutting rake with 10- to 20-degree 
clearance should be used for Catalin. Set tool i or 2 degrees above 
center. A honed tool gives smoother cuts. Dust and shavings 
should be removed by a blower system. Cutting speed is about 
600 feet per minute. 

Drilling . — Drills for Catalin should have a slight negative 
rake on the cutting edge and have large flutes for chip clearance. 
For self -tapping screws use drill one or two sizes smaller than screw. 

Threading . — For coarse threads use thread milling machine for 
best results. 
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Cutting 0 /.— Abrasive cutting-off disks should be from 6 to 20 
inches in diameter. A thickness of 0.040 to inches and usual 

wheel speeds are suggested. 

Sawing . — Use band saws with 14 to 18 teeth per inch at 1,200 
to 1,500 feet per minute or more. 

Lucite,'-"Lucite is a methyl-methacrylate resin that is very clear 
and transparent. 

Dn/Zmi:.— Standard drills can be used, but best results are 
obtained with drills having a flute angle of 17 degrees, a lip angle 
of 70 degrees, and a lip clearance of from 4 to 8 degrees. The drill 
lands, or margins, should be polished. Fiat drills can be used for 
drilling thin sheets. Hollow-end mills are also good for thin stock. 
A good drill speed is about 120 feet per minute, with plenty of mild 
soap solution as a lubricant. Feed should be decreased as the 
hole gets deeper. 

Threading . — Strong coarse-pitch threads are recommended 
instead of sharp V’s. The tap can be run at about 75 per cent of 
the speed used on brass. 

Plexiglas. — Plexiglas is an acrylic synthetic resin that is clearly 
transparent. It is derived from coal, petroleum, and water. It 
should be stored in a moderately moist and ventilated place, below 
i2o°F., away from direct sun rays. Cutting tools should have no 
rake. Oil or water coolants are permissible but not necessary. 
Feeds should be constant; if they stop the material burns. 

Sawing.— XJst any fine-tooth saw good for wood or metal For 
thick material every fifth tooth should be ground to clear the 
material from the cut Run saws 8,000 to 12,000 feet per minute 
with fairly slow feed. Routers can fun from 10,000 to 20,000 r.p.m. 

Drilling . — Use regular drills but with very little lead on cutting 
edge. Withdraw drill frequently. Use light feed pressure. 

Back tap out often to clear chips. 

Forming .— is pliable at 220 to 3oo°F. Heat to tem- 
perature from I s to 20 minutes, then allow surface to cool for 
I or 2 minutes before forming. 

Cementing . — Use special cements recommended by makers. 

NATIONAL EMERGENCY (N.E.) STEELS 

Shortages, caused by the demand for war purposes, of the alloys 
used in steels that are normally used to secure certain desired 
characteristics have led to the substitution of different steels in 
places where they can be safely used. Some of these steels, known 
by different trade names, use no chromium, vanadium, tungsten, 
or manganese, and only a small portion of molybdenum. These 
are known as graphitic steels and have good wearing qualities 
when properly oil-hardened. Some of these steels machine very 
freely. 

Recommended Substitute Steels for Materials Containing 
Nickel, Chromium, and Vanadium.— In view of the critical situation 
on the three alloys, namely, nickel, chromium, and vanadium, it 
is highly desirable that all specifications be revised as far as possible 
so as to eliminate these scarcer alloys in order that their consump- 
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Table 3.— National Ebcergency Steels 


i I 


« .11 


5[ . 



Caeburieing Grades 




Recommendation i 

Recommendation 2 

’j.i 

A-1320 

A-4027 

8024 


A-2317 

8024 

A-4027 


A-2S15 

None 

None 


A-3120 

A-4027 

8024 

II ;; 

E-33IO 

None 

None 

,i : 

A-4II9 

A-4027 

8024 


A-412O ! 

A-4027 

8024 

|i| 

A-4320 

None 

8124 

i! I 

A-512O 

A-4027 

8024 

! : 

A-612O ! 

' ■ ■ ' ■ . ■ ! 

A-4027 

8024 


A-1330 

: A-4037 

8233 

A-2330 

8233 

A-4037 

A-3130 

A-4037 

8233 

A-4130 

A-4037 

8233 

A-5130 

A-4037 

8233 

S.A.E. 6130 

A-4037 

8233 


Thorough-Hardening Grades 
(x) Sizes up to 3 -mch round, inclusive, or equivalent 
( 2 ) Sizes over 3 -incli round, or equivalent 


A-I34O 

A-4047 (i) 

824s 


A-4063 (2) 

8447 

A- 233 S 

8339 (i) 

None 


8447 (2) 

None 

A-2340 

8442(1) 

None 


8447 (2) 

None 

S.A.E. 2345 

8447 (i) 

■ None ' 


8547 {2) 

None 

S.A.E. 2350 

8547 (l)(2) 

,'None-|' 

A- 304 S 

8442 (1) 

A-4068 (i) 


8447 (2) 

None (2) 

Ar 3 i 35 - 

8339 (l) 

None,... ■ ' 


8442 (2) 

, .None 

A-3I4O : 

8442 (l) 

'None':, ; 


8447(2) 

None,, , 

A-3I4I 

8447 (l) 

None 


8547 (2) 

1 None 
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Table 3. —National Emergency Ste-k-ls,— C ontinued 



Recommendation i 

Recommendation 2 

A-3I4S 

8447 (l) 

None 

8547 (2) 

None 

A-3I50 

8347 (1K2) 

None 

A-3240 

8442(1) 

8447 (2) 

None 

S.A.E. 3250 

8547 (l)(2) 

None 

A-4137 

8339 (l) 

A-4063 (i) 

8442 (2) 

None (2) 

A-4142 

8442 (l) 

A-4068 (i)* 

8447 (2) 

None (2) 

A-414S 

8447 (i) 

A-4068 (i)* 

8547 (2), ^ 

None (2) 

A-41S0 

8547 (i) (2) 

A-4068 (i)* 

None (2) 

A-4340 

None 

None 

A-4640 

8339 (i) 

None 

8447 (2) 

None 

A-464S 

8447 (i) 

None 

8547 (2) 

None 

A-46S0 

8547 (i) 

None 


None (2) 

None 

A-S 04 S 

A-4063 (i) 

8339 (xV 


A-4068 (2) 

8442 (2) 

S.A.E. 5140 

8339 (i) 

A-4063 (i) 


8442 (2) 

A-4068 (2) 

A-SI 4 S 

8442 (i) 

A-4068 (1) 


8447 (2) 

None 

A-51S0 

8447 (i) 

A-4068 (i) 

8547 (2) 

None (2) 

S.A.E. 6140 

8339 (i) 

A-4063 (i)* 


8442 (2) 

A-4068 (2) 

A-614S 

8442 (i) 

A-4068 (i)* 


8447 (2) 

None 

A-6150 

8447 (i) 

A-4068 (i) * 


8547 (2) 

None (2) 

A-9260 

A-4068 (i) 

None (2) 

None 


* First recommendation for small tools. 


tion may be kept to a minimum except wkere such alloys are more 
drastically required in the execution of orders for defense materials. 

The American Iron and Steel Institute suggests alternate grades 
for the A.I.S.I, steels containing nickel, chromium, and vanadium. 
Three alternates are included, namely, carbon-molybdenum of the 
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40 series, manganese-molybdenum (designated as 8o Rt b n 
84. and Ss^series), and nicfcel-chrondum-mol^denum fd«:/’ 
as _86, 87, 88 , and 89 series). The last grad^is n^t 
orders without suitable priority, and so it will not be^co^M^ ^2 
m our recommendations. “O’: oe considered 

_ Since subsequent decisions by the W.P.B. may chani-P ti, 

'"^MthouehlhrA'? a temporary nature. 

-fiitiiougii tne A*LS.I. has considered Size in its recorriTYiA'n/^o 4.* 

It was the consensus that we grade Thorough-HardeMM steelff 
sizes up to 3 dnch round, inclusive, and Sbove 3-3 round 

““““ “0 *»i' 

have the prerogative of specifying either grade. Where no 
SSfaHe."* ’^e'^eved that no suitable substituteris 

PROPERTIES GIVEN TO STEEL BY ALLOYING ELEMENTS 

r*- elements to iron to produce steels of varvin,^ 

strifangly similar to the application of drugs im medirine^ 
Each element has separate and often powerful effects, ^th fm' 
effects in combination with additional elements 
L ke diugs, they^ may be beneficial in tiny quantities but ruinniTe 
Ken1s.‘'"““'''' neutralized or Checked by ^rfe^tal 

An understanding of the chief characteristics mven to Kxr 

Sa.;rs,i •' > '”•••' »■’ «5 “sSi “ip's: 

_ Aluminum.— Deoxidizer. Restricts grain growth bv formino. 
disposed mtrdes^a^ forms hard nitrides whVheatef 

nitrogen, making extremely hard steel. Small 
mounts increase strength, but large amounts embrittle steel From 

■ Calbon oxidation resistance. 

L^arOon. Hardener, by forming FesC under heat-treatmenf 
Increases ^strength rapidly up to saturation point of per cent' 
above which tW steel becomes increasingly brittle unless there are 

cIrbMetSrofcr take up ^tL carbon" FormfL^" 

with iron, chromium, vanadium, increasing strenatli a-nA 

'^^cL’omi^'^'^^V ^''®'i®^tghtest additions decrease® the ductihty 
onroimum.— Forms hard carbides. Gives very deen hardeS 

fng STh^d WeV amounte toughen steeUmSeas? 

mg Strength anci impact resistance. Decreases machinahiliHr 
?ar'dop=r ''ange unless balanced with nickel ReteiS 

l>ard carbides at high 
Y “t tends to decarburize steel in heat-treatmeut 
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ColimiMtiin.— Used to minimize intergranular corrosion in 
stainless steels. HaS carbide-forming properties increasing strength 
and hardness, but not used generally for the purpose. Softening 
effect shortens time of annealing of high-chromium steels. 

Lead.-— Forms minute strings and finely divided particles. 
Minute quantities give free machining without imparting the weak- 
ening effect of sulphur. 

Lithium. — 'Combines easily with osygen, hydrogen, sulphur^ to 
form low-melting-point compounds which pass off as gases. Power- 
ful deoxidizer and degasifier. Lithium treatment increases elastic 
limit of carbon steels. Increases fluidity of stainless steels to 
produce dense castings with high yield point. 

Manganese.— Deoxidizer and desulphurizer. Even minute 
amounts increase hardness, wear resistance, and strength. Raises 
solubility of the carbon. Lowers critical point and widens harden- 
ing range, thus permitting a less drastic treatment in oil. Air 
hardening begins at about 1.5 per cent. Makes steel austenitic 
at about 12 per cent. High-manganese steel work hardens and is 
nonmagnetic. Increases coefficient of expansion. Small amounts 
increase depth of hardening and speed of hardening. Decreases 
tendency to distort under heat-treatment. Intermediate amounts 
produce brittleness unless other elements are present. 

Molybdenum.— Adds red hardness. Increases strength and 
impact resistance at high temperatures, but hardens and embrittles 
f' at low temperatures. Retards grain growth. Gives deep harden- 
ing and widens hardening range. Increases creep. resistance and 
resistance to deformation at moderate temperatures. Goes into 
solid solution, but when other elements are present forms hard 
carbides. In aluminum steels small amounts reduce temper 
brittleness. Increases machinability of carbon steels. Increases 
corrosion resistance of stainless steels at high temperature. 

Nickel.— Increases hardness, strength, ductility, and impact 
resistance. Narrows hardening range, but lowers critical point, 
reducing danger of warpage and cracking. Refines structure. 
Retards grain growth. Decreases machinability. Makes chro- 
mium steels austenitic. Balances the intensive deep-hardening 
effect of chromium. Large amounts give resistance to oxidation at 
high temperatures. 

Nitrogen.^ — Normally undesirable. Hardens slightly and reduces 
« ductility. Small amounts refine grain and increase strength of 
high-chromium steels. Forms hard nitrides with aluminum and, 
i introduced externally into balanced aluminum-bearing steels, 
inhibits grain growth at high temperatures. 

Phosphorus. — Promotes cold-shortness. Small amounts increase 
strength slightly and increase resistance to corrosion. Slight 
amounts decrease tendency of steel sheets to stick together. 

Silieon.— Deoxidizer. Graph! tizer. Throws carbon out of 
solution. Small amounts increase impact resistance, and up to 
1,75 per cent increases elastic limit, but needs assistance of other 
carbide-forming elements. Strengthens low-alloy steels. Medium 
! amounts increase magnetic permeability ; and. decrease hysteresis 




M'hy 

W'tw 




1338 AMERICAN MACHINISTS’ handbook 

Kky S' °* “ 1 »" tt«l»i,u,, epedSiJ 

Sulphur.—Forms soft and weak sulphides which weaken th,. r 

Mg’S SiSSj,.""" •' 

„ - amounts form sulphide which aids rnarlimin 

wi^out making the steel hot short. aias machining 

Titoto.-— Deoxidizes and denitrogenizes. Increaqe^ 
and hardness. Fixes carbon in inert particles. Minimizes 
granular corrosion in high-chromium steels. nimizes inter- 

* :{;!^Ssten,-— Adds red hardness and stability of the hard rarK;,! 
at high heats. Widens hardening range, and gives deen hardenin^^ 
Increases strength and wear resistancl’ SmaTSanthies nS' 
fine grwn structure, but large quantities enibritt?e the steef Pm* 
duces both a hard carbide and an iron tungstide wfn n,!;;- 
to produce full red hardness, must be !upp*ement 3 grLh?’ 
carbide-formmg elements. Forms hard abrasive-SSttnt narrwf 
ance"^Gfvt °1 resistance andTrrosfo^^^^^^^ 

force in^teel for m^^ets and greater coercive 

^ Urmimn.— Increases elastic limit and strength of steelo t. 

with^hr^r^r^vis 

be “'^thourm*kt°s^t^^^ Steels can 

S^resistencn “smT‘f produces ’ductlhty and 

SCRAP RATIO IN METAL PRODUCTION 

44 , 600,000 net tonf of' scra^^ required the use of 

».p. « .««“ Sr 
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chased” scrap produced outside the steel industry itself and col- 
lected from general public sources. 

Table 4 shows roughly the importance of scrap in 1941 to the 
total production of other critical metals and rubber. The alumi- 
num figure includes scrap recovered within the producing plant. 


Table 4. — Importance op Scrap 


Material 

Total 1941 
New Supply, 
in Tons 

Total Scrap 
in 1941 New 
Supply, 
in Tons 

Ratio of 
Scrap to 
Total, 
Per Cent 

Aluminum..... 

416,000 

94,000 

23 

Antimony 

47,600 

21,600 

360,000 

46 

Copper — refined, 

Lead (including antimonial 

2,117,500 

17 

lead) 

1,090,019 

213,674 

20 

Nickel * • . 

101,850 

11,550 

II 

Tin 

178,528 

20,160 

65,400 

II 

Zinc. 

923,300 

7 

Rubber. 

1,441,000 

310,000 

21 


W.P.B. Report, July 13, 1942. 


MACHINING STAINLESS STEEL 
Since stainless steel is used in much war material its peculiarities 
should be understood. The general practice recommended by 
W. B. Brooks, formerly with the Carnegie-Illinois Steel Company, 
is summed up in the following: “Use liberal cutting rake and clear- 
ance. Use sulphur and sulphur chlorine cutting fluids liberally. 
Use first-quality high-speed tools. Support the tools rigidly. 
Keep the tools sharp and smooth; hone after grinding. Use a 
generous feed and cut below the work-hardened surface left by 
the preceding cut. Use rigid equipment with plenty of power for 
continuous cutting. Use cutting speeds 20 to 50 per cent lower 
than for machine steels.” 



SECTION II 
SCREW THREADS 
ACME THREADS 

Gages for Acme Threads. — Both << ^ 

representing the extreme product Umfts are^nec^L®” f ®^Ses, 

proper inspection of Acme screw Sreadf’ “^^^^^sary for the 

Table i.-Tolekances eoe “Go” and “Not, Go” Theead 

Gages. Anwi? Trr-D-cATAc -L-tiREAD 


Tolerance on 
Thread Thick- 
ness at Basic 
Pitch Line 

Prom 

To 

2 

3 

Inches 

Inches ' 




xuiciance o 
Half Angle 
of Thread 


I6 0.0000 0,0002 O.OOOS 

14 0 . 0000 0 . 0002 0 . OOOS 

12 o . 0000 0 . 0002 0 , 0005 

10 0*0000 0.0002 0.0005 

9 0.00000.00030.000s 

8 0 . 0000 0 . 0003 o . 0005 
7 0.00000,00030.0005 

0 0.00000.00030.0005 

5 0.0000 0.0004 0,0005 

4 0.00000.00040.0005 

3J 0,00000.00040.0005 
3 0.0000 0.0005 0.0005 

2t 0 . 0000 0.0005 O. OOOS 

2 0.0000 0.0006 O.OOOS 

1 5 0 . 0000 0 . 0006 0 . 0005 

1 1 O. 0000 0. 0007 0.0005 

Jt o , 0000 0 . 0008 o , 0005 


Tolerance on 

n Major 

Diameter 

Prom 

To 

6 

7 

Inches 

Inches ] 

0.0000 

0 . 0003 c 

0.0000 

0 . 0004 0 

0.0000 

0 . 0004 0 

0.0000 

0 . 0005 0 

0.0000 

0 . 0005 0 

0 . 0000 

0 . 0006 0 

0 . 0000 

0 . 0007 0 

0.0000 

0.0008 0 

0.0000 

0. 0010 0 

0 . 0000 

0.0010 0 

0 . 0000 

0.0010 0 

O.oooo 

0. 0010 0 

0 . 0000 

0.0010 0. 

0 .0000 ( 

0.6010 0 

o.oooo ( 

0.0010 0. 

0.0000 ( 

0.0010 0 . 

0.0000 ( 

>.0010 0. 


Minor 

Diameter 


limits for gagS usedTn the 

than for the purpose of specifvinff^he Acme threads, rather 
inspection operations. The dimen 
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simultaneously as many elements as possible and a ^‘not go gage 
can effectively check but one element; and (2), that permissible 
variations in the gages be within the extreme product limits. 

I Tolerances on Lead . — The tolerances on lead given in Table i 
are specified as an allowable variation between any two threads 

not farther apart than 12 inches. 



Fig. I.— Acme thread dimensions. 


2. Tolerances on Angle of Thread. ■--Th.t tolerances on angle of 
thread, as specified in Table i for the various pitches, are toler- 
ances on one-half of the included angle. This ensures that the 
bisector of the included angle will be perpendicular to the axis of 
the thread within proper limits. The equivalent deviation from 
the true thread form caused by such irregularities as convex or 
concave sides of thread, or slight projections on the thread form, 
should not exceed the tolerances permitted on angle of thread. 
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'T^^SLATING THREAD STANDARDS 


Major 

Diameter 

Pitch, 

Diameter 



Minor 

Diameter 

3 * 

Mas. 

(Bgic) Min4 

Max. 

■ (Basic) Min. 
E 

Max.t Min.f t 

■ 

0.2500 0.2469 
0.3125 0.3089 
0.3750 0.3708 

0.4375 0.4333 

0.5000 0.4950 

0.2187 0.2087 
0.2768 0.2668 
0.3333 0.3233 
0.3958 0.3858 
0.4500 0.4400 

O.I 77 S 0.1744 0 
O.2311 0.2275 0 
0. 2816 0.2774 0 
0.3441 0.3399 0 
0.3800 0.3750 0 

0.6250 0.6187 
0.7500 0. 7417 
0.87500.8667 
1. 0000 0.9900 
1.1250 1. 1150 

'0.56250.5495 
0.6667 0.6537 
0.7917 0.7757 
0.9000 0.8840 
1.0250 1.006b 

0.4800 0.4737 0 
0.5633 0.5550 0 
0.6883 0.6800 0 
0.7800 0.7700 0 
0,9050 0, 8950 0 

1 . 2500 1 .2400 
1-3750 1.302s 
1.5000 1.487s 
1.7500 1. 7375 
2.0000 1.987 s 

1. 1500 1. 1310 
I. 2500 1.2280 
1.3750 1.3530 

1 . 6250 1 . 6000 
1.8750 1.8470 : 

1.0300 1.0200 0 
1. 1050 1.092s 0, 
1.2300 1.2175 0, 
1.4800 1,467s 0. 
1-7300 1.717s 0. 

2.2500 2.2333 : 
2.5000 2.4833 ; 
2.7500 2.7333 : 

3.0000 2.9750 2 
4-0000 3.9750 ; 

5.0000 4.9750 ^ 

2.0833 2.0523 : 
2 • 3333 2 . 2993 J 
* . 5833 2 . 5463 j 
2-7500 2.7100 J 
J-7SO0 3.7070 ;■ 
7500 4.7070 ^ 

C.8967 1.8800 0. 
2. 1467 2.1300 0. 
2.3967 2.3800 0. 
8.4800 2.4550 0. 
1.48003.4550 0. 
I.. 4800 4.4550 0. 


P“re^ of establishing ^rtilard arbitrary and is intended for the 
e4aUop.o^s”““““ on major and minor diameters 

this cas®e is“Se alf iw^tem.*° l“Sh ““igagement which in 

SKrew of Acme and 
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purpose of meeting varied needs of the users to the greatest possible 
extent and at the same time establishing a product capable of 
economical production. The ■ diameters and pitches have been 
selected with a view to meeting the present needs with the fewest 
number of items in order to reduce to a minimum the inventory of 
both tools and gages. The tolerances are such as to produce 
complete interchangeability and maintain a high ^rade of product. 

Four series of translating screw threads are included in this 
standard— the general-purpose Acme, the 29-degree stub, the 
60-degree stub, and a modified square thread. These screw thread 
series are intended to cover such applications as lathe dogs and 
clamps, track drills, steel bench vises, machine-tool vises, drill-press 
vises, lifting jacks, steel hand clamps, valve stems, cross-feed 
screws for lathes, letter-copy presses, and elevating screws on 
machine tools and other machines. 

The subject of Acme and kindred threads embraces a wide field, 
and it is not possible to combine in a single standard all the variables 
of all the uses. The following applications are recognized as 
common usages, but each has special features that prevent inclusion 
in a general-purpose standard: 

I. Feed and lead screws where backlash or end shake are objec- 
tionable. In such applications the nut is tapped first and then 
the screw is threaded to fit. The screw and nut so made are kept 
as apahv ■ . 

/ 2. Long lead screws where sagging causes threads to seize. In 

such applications the major-diameter clearance is reduced so that 
bearing takes place at the major diameter before seizing can occur. 

3. Assemblies where the thread must maintain some degree of 
alignment as well as transmit motion. In these applications a 
reduced major-diameter clearance is the most elective and eco- 

j nomical means of bbtaining satisfactory assemblies. ^ 

4. There is a considerable demand in mechanical industries for 
i threaded assemblies that provide faster advance per revolution 
j and give greater w'ear surface. The threaded forms covered by 

this specification are used frequently, incorporating changes in 
details to meet particular requirements. It is recommended that 
! no coarser thread for a given diameter than those listed be used 
but instead that a multiple thread giving the desired lead be 
adopted. Many applications in the valve industry are typical. 
Where it is necessary to use multiple threads, the form of single 
! thread corresponding toTcrests per inch” of the multiple thread 
should be used.^^^^^ ^ ^ ^ ^ ^ ^ 

In the Acme general-purpose thread the angle between the 
sides of the thread is 29 degrees. The threads are truncated top 
and bottom, give a basic depth and thickness of 0.50 of the pitch, 
I and are symmetrical about a line perpendicular to the axis of the 

1 screw. This series should be used for all Acme thread applications 

; except in special cases where design or operating considerations 
are such that the 29-degree stub, the 60-degree stub, or some other 
modified thread can be employed to better advantage. Basic 
dimensions of the Acme general-purpose thread are given in Table 


^4 


1344 AMERICAN MACHINISTS’ HANDBOOK 

Machinists’ Handbook.” Detailed d:™„ 
aons and toler^ces for recommended pitches for diameters 
i to s m. are given in Tables 2 and 3 . cuameters from 

Detarl Dimensions and TolerancesTor Recommended Dimeter 
and Pitch Combinations nieter 

/T\Z _ * • V 


Major T5-. < 

Diam- 

^ eter Diameter 

Minor 

Diameter 

1 

Min, Max. Min. 

^ Min. 

Max.t (Basic) 
K 




Pitcht 
Diameter 
Tolerance 
in Terms 
of Thread 
Thickness 
V ariation 


X -- V.. -600/ O. 1900 0. IS7< 0,0026 c- 

f ‘^•3225 0.29180.2818 0.24470.2411 00026 f 

I 12 0-3850 0.3483 0.3383 0.2959 0.2917 0.0026 A 

P 12 0-4475 0.4108 0.4008 0.3584 0.3542 O 0026 R 

i 10 0.52000.46500.45500.40500.4000 0:0026 I 5 “ 

I 6 0.56750.5063 0.5000 0.0034 4 , 

I A ^‘^^47 0.6717 0.5917 0.5833 O OOTA A 

1 t 0.7967 0.7167 0.7083 o!oo4i 3 S 

IT i ^•02000.92010.90500.81000.8000 0.0041 4 

^ ^■^4501.04901,03000.93500.9250 0.0049 3 33 

it 1 ^740 1. 1550 1. 0600 1.0500 0.0049 -1 TO 

4 I-39S0 1.2770 1.2550 1.1375 I. I2S0 o.oo?7 1 I?. 

rl j ^-5200 1.4020 1.3800 1.2625 1.2500 O 0057 f 

2 4 2.02001.90801.88001.76251.7500 0.007! 2 26, 

2! I 2.09031.9334 1.9167 o.ooSo 2 „ 

2} f ’*-|743 2.3403 2.1834 2. 1667 0.00S8 2 ff 

I I ^oIoo?-«^S"-5?'’3 2.4334 2 . 4 l 6 f 0.0096 2 t| 

A « 8-0200 2.8000 2. 7600 2.5250 2.5000 O OlQ-l i t« 

5 T 3.80303.76003.5250 1: 5000 oioi?! I It 

^ | 8-0200 4.8030 4. 7600 4.5250 4.5000 O.OIII r ss 

is arbitrary and is 

0.05^®®^ dimensions result in tolerances on the minor diameter equal to 

™ 8 agement, whiob 

STUB THREADS 

threa'?,^®l®d!l:'’’ Threads.-The angle between the sides of the 

thread- thp^tbriET* ®^^® ^ 1 *® general-purpose Acme 

d^tu ’c .f are truncated top and bottom, but the basic 

Sne1stTneb2W*r®'^-r‘°b°-3°.°l*®P‘‘®^- ThelLL thread 
EMtri^ aLn?tVn“ before and the threads are sym- 

metrical about a line perpendicular to the axis of the screw ^ TO 

Smbablv^suf^d addition a thread 

omirably suited to applications where space limitations or other 

economic coiisiderations make a shallow thread desirable Basic 
dimensions of the 29 -degree stub thread are givmTn TTble 4 . 
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Table 4. — Basic Dimensions oe 29-Degree Stub Threads 
(Dimensions in Inches) 


Threads 
per Inch 

1 , 

' Pitch, p 

, 

Depth of 
Thread 
(Basic), 
h = o.zp 

Total* 
Depth of 
Thread 

Thread 
Thickness 
(Basic), 
t «= o.si> 

Width of Plat at 

Crest of 
Screw 
(Basic), 

F « 
o. 4224 i> 

Root of 
Screw, Fc 
= 0.4224P 
— (0.52 X 
Clear- 
ance) 

r 

2 

3 

4 

5 

i 

6 

7 

16 

0,06250 

0.0188 

0.0238 

0.0313 ' 

0.0264 

0.0238 

14 

0.07143 

0.0214 

0.0264 

0.0357 

0.0302 

0.0276 

12 

o-o8$ss 

0,0250 

0 . 0300 

0.0417 

0.0352 

: 0.0326 

10 

0,10000 

0.0300 

0.0400 

0,0500 

0.0422 

0.0370 

9 

O.IIIII 

0*0333 

0.0433 

0.0556 

0.0469 

0,0417 

8 

0.12500 

0.037s 

0.047s 

0,0625 

0.0528 

0.0476 

7 

0.14286 

0.0429 

0.0529 

0.0714 

0.0603 

0.0551 

6 

0.16667 

0.0500 

0.0600 

0.0833 

0.0704 i 

0.0652 


0.20000 

0 . 0600 

0.0700 

0. 1000 

0.0845 1 

0,0793 

4 

0.25000 

0.0750 

0.0850 

0.1250 

0.105A 

j 

0. 1004 

dl,' 

0.28571 

0.0857 

0,0957 

0.1429 

. 1 

0,1207 ’ 

0.115s 

3 , 

0,33333 

O.IOOO 

O.IIOO 

0.1667 

0.1408 

0.1356 


0.40000 

0.1200 

0.1300 

0 . 2000 

0.1690 

0. 1638 

' ' 2' 

0. 50000 

0 . I 500 

0,1600 

0 . 2500 

0.2112 

0 . 2060 


* A clearance of at least o.oio inch is added to A on threads of lo-pitch and 
coarser, and 0.005 inch on finer pitches, to produce extra depth, thus avoiding 
interference with threads of mating part at minor or major diameters. It is 
recognized that there are conditions under which a greater or less clearance 
may be desirable. 


£ 
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, 7 ^— 

i3/ ^ ~ \f/| / jp^i-chdi^ 

I SCREW -*\o.227^-''^'^^^ 

Fig. 3 .~- 6 o-degree stub thread. 


T &I.UD tnreaa. 

the axis ^rew ^ B^c*dfmin^°“‘ ^f'“u P®^Pendicular to 

thread are given in Table 5. ™®''sions of the 60-degree stub 

Table s.~Basic Dimnsions op 60-DEGitEE Stdb Theead«! 

— (Di mensions in Tnrhe^l asEEADs 


Threads 
per Inch 


Depth of 
Thread 
(Basic) , 

■ h = 
0-433P 


Total , Width 

D^epthof 

Thread, Thickness p 
h _}_ (Basic), ^^est of 

0.025) ‘ = °-SP 


Width of Plat at 


Root of 
Screw 
Fe s= 
0.22yp 


0.06250 0.0271 
0.07143 0.0309 
0-08333 0.0361 

O.IOOOO 0.0433 
O.IIIII 0.0481 

0.12500 0.0541 
0.14286 0.0619 
I 0.16667 0.0722 
0.20000 0.0866 
0.25000 0.1083 


0.0283 

0.0324 

0.0378 

0-0453 

0.0503 

0.0566 
0.0647 
0.0755 
o . 0906 

0.1133 


0.0313 
0-0357 
0.0417 
0.0500 
I 0.0556 

0.0625 
0.0714 
0.0833 
o . 1000 
0.1250 


0.0156 

0.0179 

0.0208 

0.0250 

0.0278 


0.0142 

0.0162 

0.0189 

0.0227 

0.0252 


0-0313 0.0284 
0-0357 0.0324 
0.0417 0.0378 
0.0500 0.0454 
0.062s 0.0567 


6 at minor or major 

Ti,» 1 SQUARE THREADS 

threads Tr^tru^S Sp indVottom, wVw defS M 
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of the pitch, a basic thread thickness of 0.50 of the pitch, and are 
symmetrical about a line perpendicular to the axis of the screw. 
The angle of 10 degrees results in a thread that is the equivalent 
of a ‘‘square thread” insofar as all practical considerations are 
concerned and yet capable of economical production. This thread 
form is illustrated in Fig. 4. 



Fig. 4. — lo-degree square thread. 


Multiple-thread milling cutters and ground thread taps should 
not be specified for modified square threads of steep helix angle 
without consulting the cutting-tool manufacturer, j 


I 


AMERICAN NATIONAL STANDARD GAS-CYLINDER 
THREADS 

Gas -Cylinder Valve -Outlet Threads.- — Standard sizes of threads 
for gas-cylinder valve outlets of various types are presented in 
Table 6. The purpose of these standards is to prevent cross con- 
nections of equipment used with a given type of valve with another 
type where such connection may be dangerous or undesirable, as 
well as to promote interchangeability among threads of a given 
type of valve. 

Hose Connections for Welding and Cutting Torches.— Specifi- 
cations covering hose connections for welding and cutting torches 
were formulated and adopted in 1925 by the International Acety- 
lene Association, the Gas Products Association, and various manu- 
facturers. Essentially the same specifications were adopted by 
the National Screw Thread Commission in 1926. 

Revised specifications for these connections were! adopted by the 
International Acetylene Association, Mar. 9, 1939. :; These revised 
specifications were adopted by the Interdepartmental Screw Thread 
Committee and are presented below. . 

Dimensions essential to the interchangeability of parts have been 
standardized. Other dimensions and details of design are optional, 
so that nianufacturers may use their own judgment and follow 
their usual practice as much as possible. Four sizes of connections 
are specified, as illustrated in Table 7. 
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Length 

of 

Thread 

■,d 

S 

oo ■ 

»flleiowlcousl<a 

Minor 

Diam- 

eter 

' . i 

Max. 


•<t TfOO : 

V) CSI MO 

H xi- (y:> 

00 J>- !>.' 

0 0 0 

Pitch 

Diameter 

i Min. 

o' 

0 MO 0 0 

COOQ Th 'Cl* J>- 

tO tv- t>N. VD 

00 I> o 

d o’ d d d 

Max. 

1 

Vi 

VO MO 0 O I>- 

vo fOOO 00 H 

lOOO J>« !> 

00 fv. !>• Os 

d d d d 

Major 

Diameter 

fl 

s 

't 

0.8932 
0 . 8200 
0 . 8290 
0.8290 

1.02$ 

Max. 

1 fo 

[ ■ 

0000 
fO 0 10 to H 

0 fO PO CO <0 

Osoo 00 00 0 

0000 H 

■■ 'ti 
ctl 

J 

*0 

c 

. . '1 
• J 

■ a 

■ P 

'■ 

■ 

» 

« 

T 

«§e i 

r ^ 

H CO 

???&£:£! 
j' j' 

PO 0 "Vi xJ-OO rT 

0 CO PO H H H 

Osco CO 

0 0 0 


I 

S3 

-f. 

Q 




4 0 

CO p 
A-4 

o o 

<U fc. 

^ I 

fl a 

O 4J 

„ ei 


fl 
. ci3 

S 

a o 
« I s 

cfl 


:3 

« ai fi ^ o o 

S)| 

OW<! W<ft 


I 


All threads are external except for anhydrous ammonia, and all are right-hand except on valves for hydrogen, nitrogen, and 
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u 


I 


o 



Ni| 


^■|1 


Cl? 

^ fl 


ajrrt 

‘^’ll 

S“ 


w V5 to to O to 1 S.C 0 
00 O 4>- O to O w Q 
M o M 0 O eo 0 

d d d d d d d 6 

+1 +1 +1 +1 


CJ o 

dodo 


to O 00 O 

d d d d 


1 i I 


<0 CSI 00 W o '^'O ^ 
« O OO toO fOO 
CO O •’t O O H o 


0000 
41 +1 


o o 

41 




M 

h-foo 
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! 0 || 

3“ 


< as SB SB 


,M 03 

Sh 

M 


HS sis 


-•aj 
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O to CO to to to t1-oo 
to O <0 O w O to O 

« O 0 ^ o 00 


41 


0 0 
41 

0 0 
41 
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41 

Hoo 



HS 
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co|«o 

*^■5 
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rljP* 

Hs 
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to|oo 

«1« 

iHlN 

w!^'. 

■ PQ ' 
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Standard Dimensions.— 1 . ^ Screw threads corresponding to 
Class 3 of the American National fine-thread series are specified. 
Right-hand threads are specified for oxygen and left-hand threads for 

/we/ ^^ngi^ ajjd outside diameter of internal seat 

3, Radius and distance of radius center of external seat from 

shank shoulder. ^ 

4. Diameter of shank shoulder. 

' c;. Diameter of hole in nut. 

6 . Large diameter of hose shank, 

7. Fuel gas nuts to be designated by annular groove around nuts, 

cutting corners. / 

Optional Feakires.—i. Material of strength equal to or greater 
than that of free- turning high brass. 

2. Diameter of hole through external fitting and gland. 

3. Form of end of shank, except seating section as dimensioned. 

4. Length of hose shank. 

5. Type and number of serrations on hose shank. 

6. A second shoulder equal to the large diameter of the largest 
shank to extend through the hole in the nut for appearance, to be 
used or omitted for smaller diameter shanks. 

7. Length and location of hexagon wrench section on nut, 

AMERICAN NATIONAL ROLLED THREADS FOR SCREW 
SHELLS OF ELECTRIC SOCKETS AND LAMP BASES 
The specifications given here for American National rolled 
threads for screw shells of electric sockets and lamp bases, with the 
exception of the more recently adopted intermediate size, were 
originally published in Bulletin 1474 of the American Society of 
Mechanical Engineers entitled Rolled Threads for Screw Shells of 
Electric Sockets and Lamp Bases, which was a report of the 
A.S.M.E. Committee on Standardization of Special Threads for 
Fixtures and Fittings. 


Table 8. — American National Rolled Threads tor Lamp- 
Base Screw Shells 
(Dimensions in Inches) 


Size 

Threads 

•per 

Inch 

Pitch 

Depth 

of 

Thread 

Ra- 

dius 

Major 

Diameter 

Minor 

Diameter 

Max. 

Min. 

Max. 

Min. 

, I 

;' 2 ,, 

3 

4 

■ ^ ' 

6 

7 

8 '1 


Miniature . . . 

. ,14 

0.07143 

0.020 

0.0210 

0.37s 

0.370 

0.335 

0 . 330 

Candelabra. . 

10 

0. lOOOO 

0.025 

I0.0312 

Q.465 

0.460 

0.41S 

0.410 

Intermediate. 

9 

0 . mil 

0.027 

0.0353 

0.651 

0.64s 

0.597 

0 .S 9 I 

Medium, .... 

. 7 ■ 1 

0 . 14286 

0.033 

0.0470 

1 .037 

1.031 

0.971 

0.96s 

Mogul 


0.25000 

0.050 

0 . 0906 

I. 55 S 

1.545 

1.455 

1.455 
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Form of Thread.— The thread form is composed of two circular 
tangent to each other and of equal radii, as shown S 


„ ,, , Socket Screw Shell 


Base Screw 4? . 

||I1 III I 

llll 

-S-S.S.o 

^ ^ S ^ S S g & 

g’ c: t ?< e 

Fig. 5. — Thread for electric sockets. 

Thread Series. The sizes for which standard dimensions and 
tolerances have been adopted are designated as follows: ^‘Miniature, 
candelabra, intermediate, medium, and mogul.’’ 

PH inch, radii of thread form, and diameter limits 
for these sizes of lamp-base screw shells, which are used on lamp 
b Table ^8 ^ attachment plugs, and similar devices, are given 

The corresponding dimensions and limits for socket screw shells 
which are used m electric sockets, receptacles, and similar devices! 
are given in table 9. ' 

THE AERO SCREW-THREAD SYSTEM 

screw thread has been developed to meet problems of 
sreunng threaded parts m aluminum and magnesium to withstand 
toe stresses imposed by studs and bolts in aircraft engines and 
similar installations wittout failure of the softer metals. The system 

spring insert that screws 

in the soft metal and receives the steel stud or bolt. 
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Tabie 0 — American National Rolled Threads eor Socket 
^ ‘ Screw Shells 

(Dimensions in Inches) 


Size 

Threads 

per 

Inch 

Pitch 

Depth 

of 

Thread 

Ra- 

dius 

Major 

Diameter 

Max. Min. 

Minor ' ; ^ 

^ Diameter 

Max. Min. ' 

I 

2 

3 

4 

S ^ 

6 

7 

8 

9 

Miniature . . . 

1 Candelabra . . 

Intermediate. 
Medium..... 
Mogul....... 

14 

10 

9 

7 

4 

0.07143 

0. lOOOO 
0. mil 
0.14286 
0.25000 

0.020 

0.025 

0.027 

0.033 

0.050 

O. 0210 

P. 0312 
0.03 S 3 
0.0470 
0 , 0906 

0.383s 

0.476 

0.664 

1 . 053 

I -577 

0 . 377 S 
0.470 
0.657 
1.04 s 
1.565 

0.343s 

0.426 

0:610 

0.987 

1.477 

0 . 337 S 

0.420 

0.603 

0.979 

1.46s 

■ 





It involves the use of a special tap for threading the soft metal 
to receive the insert and a special form of thread on the bolt or 
stud. The forms of these threads are shown in Figs. 6 and 7. 
The thread that receives the insert approximates the standard 



Fig. 6. — Aero screw thread and capscrewi 

American form. Details of the tapped holes and the bolts are 
given in Table 10. The term V.A.T. refers to ‘‘V Aero-Thread.^* 

The first section of Table 10 refers to the bolt or stud, which 
has a special rounded form of thread. The second section gives 
dimensions of the holes tapped in the soft metal and the last section 
gives dimensions of the tapped hole with the insert in place. This 
gives the number of the insert to be used and the root diameter of 
the thread formed by the insert. It will be noted that the root 
diameter of the insert is somewhat larger than the root diameter of 
the standard American nut, because of the difference in thread 
form.; , 

Tables I I to 13 explain themselves. 

Details of the thread in the soft metal of the insert and the 
thread form of the bolt, are shown in Fig. 4. The data on the 
different dimensions are also given. 
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Boss or Nut /^oxmuTn fap 

0 . 07 Zp-ji^^/ d>a.-\ 

~^>-Basjc ma/or dia 
Y.-.Q_5y^^^^ps^ of insert -z 

j Mai’ggpj/j/ I ^^^ Thread form dia-Qs 
\l (/ ’ o'/a- E 


Screw or Sfud 


$ ^ I form diar(^ 

jS^^afp. I \ |_ c/fa.- B 

S A. Insert ^ Xw i j^' 

Screw or Stucf'"'^^ f^oof dio. oj/ oero 

thread -Y. 

Fig. 7. Form of Aero screw thread. 

fo™ ’Sk on screw, stud 

— A-- 

Aero-Thr^d size is specified by nominal screw' si'ze ' 

_ H and by number of threads per inch ». 

^ thread into which Aero- 

rhread insert IS assembled VAT 

V.A.T. thread size is specified by screw* kze'i) and 
threads per inch n of screw used in insert assem- 
bled in tapped hole. 

Nominal screw size: major diameter of screw and minor 
diameter of tapped hole. . . . . ..... n 

1 Itch diameter of tapped hole. ‘ ' £ 

E = D -{- o. 4 _^ 

Root diameter of screw and root diameter of insert 
tS) “ diameter of Aefo- 

K=^D-o. 6 P = E~p ' " ' ^ 

diameter of insert assembled in tapped hole. . . . 5 

S — X) -f 1.0495^ 

.oftap.:.. _ ;; ■' '...j.. ' : 

/i maximum at at tip = 

r ■ ■ ■^* 7 ^.+ *-'9# 

i 2 minimum (radius at tip — 0.07 2if) 

~ D + 1.122^ 
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Description Symbol 

Number of threads per inch. ............ » 

Threadpitch ......... ... p 

( 7 ) 

Depth of engagement of insert in tapped hole j 

(8) i == 0-525^ 

Depth of thread engagement, insert in screw. h 

( 9 ) h ^o.zP 


Use Class 3 fit for bolt and nut, capscrew, setscrew applica- 
tions; Class 5 fit for all stud applications. 

The depth of thread of the V.A.T. tapped Aero-Thread form 
must provide a full tapped thread depth within the limits to be 
specified. The Aero-Thread V.A.T. finishing tap and single- 
operation taps are designed to guide on the minor diameter to 
ensure its concentricity with the pitch diameter of the tapped 
thread. 

Recommended Practice for Tapping. — In soft metals drill 0.000 
to 0.015 inch undersize, in which case the minimum diameter of 
tap will machine the minor tapped thread diameter concentric 
with the pitch diameter of the tapped thread. In hard cutting or 
abrasive materials, it is recommended that the drilled hole be 
reamed 0.002 to 0.006 inch oversize, in which case the tap will guide 
on its minor thread diameter. 

Recommended Proportions of Aero-Thread Assembly.— -The boss 
diameter R is in general the same as in the other screw systems, 
the relative dimensions depending on physical properties of the 
boss and noting screw materials as follows: 


I. Tapped hole 3. Screw 



Ratio of Boss 


Boss Material Screw Material B to Screw 

Diameter D 


Steel forgings or castings ........ . . Alloy steel i . 6 to 2 . o 

Aluminum alloy forgings. ......... Alloy steel 2.0 to 2.5 

Aluminum alloy castings . Alloy steel 2.3 to 3.0 

Magnesium alloy castings ......... Alloy steel 2 . s to 3 . s 

Aluminum alloy forgings,. . . . . . . . . Aluminum allo}?' 1.6 to 2.0 

Aluminum alloy castings . Aluminum alloy i . 8 to 2.4 

Magnesium alloy castings . . . , . . . . . Aluminum alloy 2.0 to 2.6 
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that z sufficient 


Length op Thri 
-^gagement l 
Terms of Scre 
J-Jiameter D 


'ne1m“a lloXi^ ' aluminum or magi 

teel screw or stud in light aUoy materiais-this ^ 
standard generally used. ., . ' 

teel screws or studs in light alloy castings when 
he screw is highly stressed and the boss material 

IS expected to be weakened by high operating 

SS5“' “ Atii S. 

■■■ ■■■••■•■••••••••••••■■ s.sDoraD 

4BLE lo.— A eeo-Thread Sxanda^ Series Class 3 Medium } 


(Dimensions in Inches) 


Aero-Thread Screw 


Thread Form 


0 .0400 


0.5000 


0.4470 


0.5095 


0.0794 


0.7500 


Major Diameter 

Root Diameter 

Basic 

Tolerance 

Max. , 

Min. 


WARTIME BATA SUPPLEMENT 


1357 


10.— Aero-Theead Standard Series Class 3 Medium 
Fit. — Continued 
(Dimensions in Inches) 




V.A.T. Tapped Hole 

Size 

Threads 

per 

Inch 

Major Diameter 

Pitch Diameter 

Minor Diameter 

Tap 

Drill 

'■Size 



Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

A 

24 

0.2373 

0.2343 

0,2066 

0 . 2042 

0.1917 

0.187s 

''NO'. TI 

‘ft 

20 

0.3098 

0.3062 

0.2726 

0.2700 

0.2550 

0.2500 

K 

18 

0.3789 

0.3749 

0.3377 

0.3347 

0.3181 

0.3125 

P 

A 

16 

0 . 4496 

0.4452 

0 . 4032 

0 . 4000 

0.3813 

0.3750 

1 

14 

0.5228 

0.5177 

0.4697 

0.4661 

0.4446 

0.437s 


tv 

12 

0.5996 

6.5936 

0.5373 

0.5333 

0.5083 

0.5000 


12 

0.6621 

0.6561 

0.5998 

0.5958 

0.5708 

0.562s 

■A" 

li 

10 

0.7444 

0.7372 

0. 669s 

0 . 6650 

0.6350 

0,6250 


10 

0 . 8069 

0.7997 

0.7320 

0 . 7275 

0.697s 

0.687s 


i 

9 

0.8826 

0.8746 

0.7993 

0 . 7944 

0.7611 

0.7500 





V.A.T. Tapped Hole with Assembled Insert 

Size 

Threads 

per 

Inch 

Major Diameter 

Root Diameter 

Insert 



Basic 

Tolerance 

Max. 

Min. 

Number* 

, A , 

■■ ■.24' 

0.1875 

-f 0,0042 
— 0.0000 

0 . 1649 

0.1625 

220-30 

i " 

20 

0.2500 

+0.0050 
— 0.0000 

0.2226 

0.2200 

220-40 

■ 

18 

0.3125 

+0.0056 
— 0.0000 

0.2822 

0,2792 

220-50 

■ 'I. 

16 

0.3750 

+0.0063 
— 0.0000 

0.3407 

0.3375 

■ ■220-60'' 

A 

14 

0.4375 

+ 0.0071 
“0.0000 

0,3982 

0.3946 

220-70 

h 

12 

0.5000 

+0,0083 
— 0.0000 

0.4540 

0.4500 

220-80 


12 

0.5625 

+ 0 . 0083 
— 0.0000 

0.5165 

0.5125 

220-90 

f 

10 

0.6250 

+0.0100 

-0.0000 

0.5695 

0,5650 

220-100 


10 

0.687s 

+0.0100 
— 0.0000 

0.6320 

0.627s 

220-110 

1 

9 

0.7500 

+0.0111 
— 0.0000 

0.6882 

0.6833 

220-120 


Note: For larger sizes use eight-thread series (Table la). 
* See Table 12 for length of insert. 




a Notes 

D. Basic major diameter or nominal 

B. Boss diameter 
U/ Z//A L. Thread length 

'Aero-Thread Standard Series Class $ Stud Fit 
(Dimensions in Inches) 




V.A.T. Tapped Hole 


"^^per^^ Major Diameter Pitch Diameter Minor Diameter 

Inch — — 

Max. Min. Max. Min. Max. I Min. 


0.2373 0.2343 0.2066 0.2042 0.1917 0.1875 No. II 
0.3098 0.3062 0.2726 0.2700 0.2550 0.2500 i 

0.3789 0.3749 0.3377 0.3347 0.3181 0.312s A 

0.4496 0.4452 0.4032 0.4000 0.3813 0.37SO I . 

0.5228 0.S177 0.4697 0,4661 0.4446 0.4375 


0.5000 

0.562s 

0.6250 

0.7500 






Aero- Thread Screw 



Size 

Threads 

per 

Inch 

Major Diameter 

1 Root Diameter i 

i ■■ ■ i 

Thread Form 
Diameter 



Basic 

Toler- 

ance 

Max. 

1 

Min. , 

Max. 

Min. 


24 

i 0.187s 

•+•0.000 
— 0.003 

0. 1677 

0.166s , 

0 , 0336 

0.0313 

i 

-.20 

! 0.2500 

+-0.000 
— 0 . 004 

0.2255 

0.2242 

0.0400 

' 

0.037s 


18 ■■ 

0.3125 

+0.000 
— 0.004 

0 . 2855 

0,2840 j 

! 0.0445 

0.0417 

i 

■ 16. ■ j 

0 . 37 S 0 

+0.000 
— 0.005 

1 0.344s 

0.3429 

0.0499 

0 .0469 

A . 

■ 14 . 

0.437s 

+0.000 
— 0.005 

0.4024 

0 . 4006 

0.0570 

0.0536 

i 

12 

0 . 5000 

+ 0.000 
— 0.006 

0.4584 

0.4564 

0 . 0665 

0,062s 

A 

12 i 

0.5625 

+0.000 
— 0.006 

0 .S 2 II 

0.5191 

0.066s 

0.0625 

t 

10 

0.6250 

+0.000 
— 0 . 006 

0.5741 

0.5719 

0.0794 

0.0750 

1 

9 ■ -i 

0.7500 

+0.000 

0.6926 

0.6p02 

0.0881 

,, 0.0833 , 




— 0.006 
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T^Bi E — Aeeo-Thread Standard Series Class 5 Stud Fit.— 

Continued 




V.A.T. Tapped Hole with Assembled Insert 

■■ Size' 

Threads 

per 

Inch 

Major Diameter . 

Root Diameter 

. . i 

Insert 

Number 



Basic 

Toler- 

ance 

Max. 

Min. ' 

Length 
See Note 

A , 

24 

0.187s 

4*0.0042 
— 0. 0000 

0. 1649 

0.162s 

220-30 

I". 

20 

0.2500 

4*0.0050 
— 0 . 0000 

0.2226 

0 . 2200 

220-40 

A 

18 

0.3125 

•40,0056 
— 0.0000 

0.2822 

0.2792 

220-50 

i 

16 

0.3750 

40.0063 
— 0.0000 

0.3407 

0.3375 

220-60 

A 

14 

0.437s 

40.0071 

— 0.0000 

0 , 3982 

0.3946 

220-70 

i ' 

12 

0.5000 

40.0083 
— 0 . 0000 

0.4540 

0.4500 

220-80 

A 

12 

0. 5625 

40.0083 
— 0.0000 

0.5165 

0.5125 

220-90 

■ 1 '' 

10 

0.6250 

40.0100 
— 0.0000 

0.569s 

6 . 5650 

220-100 

i 


0.7500 

1 40.0111 
— 0.0000 

0.6882 

0.6833 

220-120 


Note: See Table 12 for length of insert. 

First three threads of stud to conform to Table lo. 


Table 12.— Aero-Thread Insert Standard Sizes 
To Designate Insert Material Use Symbol B for Phosphor Bronze 
or C for Stainless Steel after Insert Number 
(Dimensions in Inches) 


Size 

Threads 

per 

Inch 

1 

'■ ■ , ! 

Imsert 
Num- 
ber i 

Free 

Diam- 

eter 

1 

Assembled Length of Insert L 

Overall 
Depth 
of Hole 

i.SD 

2 D ' 

2.sD 

$D 

A 

24 

220-30 

0 . 250 

A 

f 

^ i 

A 

1 ^ 

hL 

i ' ' 

20 

220-40 

0.330 


1 

i ■ 

L 

A - 

-L 

A 

18 

220-50 

0.40s 




ti 

A “ 

-X 

I' 

16 

220-60 

0.48s 

A 

T 

f 

ij 


-X 

■ A; 

■• 14 ' .. 

220-70 

0.570 

M 


I A 

I A 

AH 

hL 


12 

220-80 

0 . 64s 

i 

I 

li 

li 

i 4 L 

A 

, J 2 

220-90 

0.730 

¥ 

li 


in 


1 

10 

2 20- I 00 

0.810 

^ A 

li 

I -A 

if 

A 4 L 

P 

10 

220-110 

0.900 

lA 

If 

1 

2 A 

AH- L 

1 


220 -T 20 

0 . 990 

li 

li 

If 

2i 

H -f L 


Note: Depth of tapped hole is generally A to ^ longer than assembled 
length of insert. 
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! I3.-Aero-Theead Eight Thkead Semes Class 3 Medium 

(Dime nsions in Inches) 

.. ■ Aero- 1 bread Screw . ■:"-====^^ 

Threads . Z. ^ ^ — — . 

^per J!dajor Diameter I Root Diameter 

Inch ' — — 7 ^ •■: — , Dia metf>r 

Basic ™er. _ _ 


— 0.006 
>0 +0.000 

— 0.006 
;o +0.000 

— 0 . 007 
►o +0.000 

— 0 . 007 
iO +0.000 

—0.007 
o +0.000 

— 0.007 
o +0.000 

— 0.007 
o +0.000 

— 0.007 
0 +0.000 

— 0.008 
+0.000 

— 0,007 
+ 0.000 ; 

— 0.007 

+ 0.000 : 

— 0.008 

+ 0,000 J 

— 0.008 

+ 0.000 2 

— 0.008 

+ 0.000 2 

— 0.008 

+ 0.000 3 
—0.008 
+0,000 3 

— 0 , 008 

+ 0.000 3 

— 0.008 
+0.000 3 

— 0.008 
+0,000 4 

— 0.009 

' +0.000 4 

— 0.009 
+0.000 4 

— 0.009 
+0.009 4. 

— 0.009 

+ 0.000 5. 

— 0,009 
+0.009 5. 

— 0 . 009 

+ 0.000 5. 

— 0 . 009 
+0.000 S. 

— 0 . 009 


Min, 

__ JUl, 

Max. 

^meter 

Min. 

)o 0.7958 

0 . 0990 


0 0.9208 

0 . 0990 

0-0938 

0 I . 0457 

0 . 0990 

0.0938 

0 I. 1704 

0.0990 

0.0938 

0 X. 29 S 3 

0.0990 

0.0938 

0 I. 4201 

0 . 0990 

0.0938 

0 I . S 449 

0.0990 

0.0938 

0 1.6698 

0.0990 

0.0938 

0 I . 7 P 4 S 

0.0990 

0.0938 

3 I. 9194 

0.0990 

0.0938 

2.0442 

0.0990 

0.0938 

2.1689 

0.0990 

0.0938 

2.418s 

0 . 0990 

0.0938 

‘ 2.6681 

0.0990 

0.0938 

2.9180 

0 . 0990 

1 . ' 

0.0938 

3. 1680 

0 . 0990 

0.0938 

3.4179 

0 . 0990 

0.0938 

3.6679 

0 . 0990 

0 . 0938 

3.9178 

0.0990 

0.0938 

4. 1677 

0.0990 

0.0938 

4.4177 

0.0990 

0.0938 

4.6676 

0.0990 

0.0938 

4.9176 

0.0990 

0.0938 

5.1675 

0.0990 

0.093 8 

5 . 4174 

0 . 0990 

0.0938 

S.6673 

0 . 0990 

0.0938 

S.9173 . 

0 . 0990 

0.0938 



T 
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"—Aero-Thread Eight Thread Series Class 3 Medium 

^ -Fit.— C ontinued 


Size 

Threads 

per 

Inch 

V.A.T. Tapped Hole 

; Major Diameter 

Pitch Dianaeter 

Minor Diameter 

Tap 

Drill 

Size 

Max. 

Min. 

Max. 

Mm, 

Max. 

Min. 

1 

8 

1.0150 

I .0000 

0.9242 

0.9188 

0.8875 

0.8750 

i 

I 

8 

I . 1400 

I .1250 

I . 0493 

X.0438 

I. 0 X 25 

1.0000 

I 


8 

1.2650 

1,2500 

I . 1746 

I. X088 

1.1375 

I, 1250 

i| 


8 

X.3900 

I .3750 

1 . 2999 

1.2938 

1.262s 

I . 2500 

li 

If 

8 

1.5150 

I . 5000 

1.4251 

1.4188 

1.387s 

1.3750 

i| 

ih 

8 

I . 6400 

1.6250 

1.SS03 

1.5438 

1.SI25 

I . 5000 

■li' 

if 

8 

1.7650 

I . 7500 

1.6756 

X.6688 

I . 637s 

1,6250 

xf 

i| 

8 

I . 8900 

1.8750 

I . 8008 

1.7938 

1.762s 

I . 7500 

if 

i| 

8 

2. 0150 

2 . 0000 

1.9261 

1.9188 

1.8875 

1.8750 

i| 

2 

8 

2.140 

2. 125 

2.0513 

2.0438 

2 . 0 X 25 

2.0000 

2 

2 | 

8 

2,26s 

2,250 

2.176s 

2.1688 

2.1375 

2. X2S0 

2i 

2 | 

8 

2.390 

2.375 

2.3020 

2.2938 

2.262s 

2.2500 

2i 

2I 

8 

2.640 

2.62s 

2.5525 

2.5438 

2.5x25 

2.5000 

2i 

2 | 

8 

2. 890 

2.87s 

2.8030 

2.7938 

2.762s 

2 .7500 

2f 

3 

8 

3, 140 

3.12s 

3.0531 

3.0438 

3.012s 

3.0000 

3 

3 i 

8 

3.390 

3.37s 

3.3031 

3.2938 

3 . 2625 

3 , 2500 

3 i 

3 f 

8 

3.640 

3.62s 

3 .SS 32 

3.5438 

3.512s 

3. 5000 

3 l 

3I 

8 

3.890 

3.87s 

3.8033 

3.7938 

3 . 7625 

3.7500 

3 i 

4 

8 

4.140 

4.12s 

4.0534 

4.0438 

4,0125 

4 . 0000 

4 

4i 

8 

4.390 

4.375 

4.303s 

4.2938 

4. 2625 

4.2500 

4 i 

4 | 

8 

4.640 

4.62s 

4.5536 

4.5438 

4.5125 

4 . 5000 

4 i 

4t 

8 

4,890 

4.87s 

4.8037 

4.7938 

4.762s 

4.7500 

4l 

5 

8 

S.I40 

5. 125 

5.0537 

5 . 0438 

5.012s 

5 . 0000 

5 

Si 

8 

S.390 

S. 37 S 

5.3038 

5.2938 

5. 2625 

S . 2500 

si 

Si 

8 

5.640 

5.625 

5.5539 

5.5438 

5.5125 

5.5000 

si 

Si 

8 

5.890 

5.875 

5.8040 

5. 7938 

5.762s 

5 . 7500 

5 | 

6 

8 

6. 140 

6.125 

6,0540 

6 . 0/138 

6.0125 

6.0000 

6 
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I Threads 1 


Z .....^’ A.^Tapped Hole with 

_Ma 30 r Diameter ^”oot — r~r^ 

ZE^ZT~Mi^\ N?S. 


0.8750 +O.OI2S 0,8054 

— 0.0000 

1. 0000 +0,0125 0.9305 

— 0.0000 

1. 1250 +0,0125 1,0558 

— 0.0000 

1.2500 +0.0125 I,i8ii 

— 0.0000 

1.3750 +0.0125 1,3063 

— 0.0000 

1.5000 +0.0125 1.4315 

— 0,0000 

1.6250 +0.0125 1.5568 

— 0.0000 

1. 7500 +0,0125 1.6820 

— 0.0000 

1.8750 +0.0125 1.8073 

— 0.0000 

2.000 +0.0I2S 3:. 9325 

— 0.0000 


2| 

8 

2. 125 

+ 0.0125 

2.0577 

■ oX 

8 


— 0.0000 



2.250 

+ 0 . 0 I 2 S 
— 0,0000 

2.X832 

8 

2.500 

+ 0.0125 

2.4337 

oil 

8 


— 0.0000 



2.750 

+0.0125 
— 0.0000 

2,6842 

8 

3 

3 i 

3.000 j 

+0.0125 
— 0.0000 

2.9343 


.. ■■■ 8. ■ 

i 3.250 

+0.0125 

3.1843 

3 i 

8 

3.500 

— 0.0000 
+ 0.0X25 

3.4344 

3 j 

8 

3.750 

— 0.0000 
+ 0.0X25 

3.684s 

4 

8 


— 0.0000 

4-000 

+0.0x25 

3.9346 


8 

4.250 

— 0,0000 
+ 0.0X25 

4.1847 


Niimber^' 
0.8000 220-140 

0-9250 220-160 

1.0500 220-180 

3 : -1750 220-200 


1.8000 220-300 


2.9250 220-480 


3-4250 220-560 
3.6750 220-600 
3.9250 220-640 



+0.0125 4.434S 

— 0.0000 

+ 0 . 0 I 2 S 4.6849 

— 0.0000 

+0.0125 4.9349 

— 0.0000 

+ 0.0X25 5. 1850 

+ 0 , 0000 

+ 0 . 0 I 2 S S. 43 SX 

— 0.0000 

+ OOT 25 5.6852 

— 0.0000 

+ 0.0125 S.9352 

— 0.0000 


* Length of 


insert: ij, 2, 2^ and 3 basic diameter. 


4.9250 220-800 


5.6750 220-920 

5 9250 220-960 


SECTION III 
DRILLING 
DEEP-HOLE DRILLING 

The drilling of rifle barrels of various diameters for guns used 
in the war has given wide experience in deep-hole drilling. One such 
drill is shown in Fig. i. This had cemented carbide drill tips that 


kJ-, 

-a075" 






s / 






ii: 




Fig. I. — Deep-hole drill. 

Bunweld-biend special /lufes f Bushing 
info sfraig hi flutes and polish / 


•H 12^ high speed steel ^ ^ ^ coo/o 


'Provide chip breaker p=u ^5" 

on cutting edge . , - — 

r first of dreamers 

(Plug hok / Oil holes / Bushing 


■ coolant hole j 


-A U-f 


^ Back taper not toexceed Tools must stand 500 fb. 
0»0005*'in this length coolant pressure 

Fig. 2. — Drill for larger hole, 

were ground bo the shape shown in the detail sketches. As will 
be seen, this is a single-lip drill, as is common in work of this kind. 
It is the first drill for a 20-mm. gun, the drill being 19 mm., or 


m 
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guided through a suitable bushino j 

Thf^'^-i'r ’'^-Qd mm. and finally honed to L Sm 

The drilling and reaming coolant was 80 per cent sulDhuri7P?'™l 
and 20 per .cent light mineral oil. smpnunaed qiI 

Anoth^ type of drill for a larger hole, i.8i inches k • 
Fig. 2. This was a flat drill of high-speed steel for 12# inchpc ? 
shown, butt-welded to a special section of steel rod, as shown Thl 
flutes of the shank were polished to make it easier for the chinlf 
be forced out with the same pressure as before, 500 pounds. ^ ^ 

DRILLING RIFLE BARRELS WITH CARBIDE TOOLS 

Gun drills with carbide tips and carbide wear plates around ih. 
periphery of the drill will give exceptionally high production ratel 
permissible feeds and long life Ltween grSds 
Such drills, designed and manufactured at the Poughkeensie nl'int 
of International Business Machines, Inc., are, accofS^xnanu 
facturing engineer T. R. Skofteland, being used for drillinrgun 
barrels and other gun parts made from steel up to 380 Brinell hard^ 
ness and have run as long as 20 hours between grinds. Comoared 
with high-speed steel drills, feeds have in some cases been doubled 
The two carbide wear plates which back up the tip show negligible 

thereby maintaining its accu- 
racy and producing smooth holes with minimum run-out. 

^ 0 2g$ o.sooj 0.330, 0.494, 0.697, 0.733 and 

.781 inch in diameter have been made to date, using the production 
sequences illustrated for the 0.293-inch size, Fig 3. A drill of 
entirely different design, but also employing the carbide tip and 
wear plates, is used for drilling a 1.150 inch air-cylinder hole in the 
receiver body of a 20-millimeter automatic cannon. The nroduc- 
dSwing^ Fig^ 4 design of this latter drill are shown in a second 

Seats for the carbide tip and wear plates are milled in the drills. 
Grade H-D Firthiteus used for the cutting tip, while Grade T-16 
Firthte IS used for the wear plates. Both the tip and wear plates 
are braz^ m the slots using Hand & Harmon’s Easy-Flow No ^ 
metal. The conventional gun-drill grind is used on all sizes It 
IS important that the, cutting edges be honed to a mirror finish 
Xhe o.293-mch drill shown is for drilling 30 caliber rifle barrels 
24 inches long Although an average feed of 2 inches per minute 
^as been maintained for long runs, 
i? production, this drill hasbeen used for 20 hours without grinding, 
rilhng IS done in W. F. & John Barnes six-spindle vertical 
spindles running at 2,800 r.p.m. Each machine 
cahber barrel every 2 to 3 minutes. Based on an 
average ife of 20 hours between grinds, each drill is good for 70 to 
I+fo* ^ before resharpening. Comparable production has been 
attained with drills of other sizes. 


wartime DATA SUPPLEMENT 


2* Mill firsf wear 

7“ Braze tip and wear 

strip slot 

strips in place 


Break eharp corm 


5“Min second wear 
sirip slot 


0.293'* 


8* Grind fincrl O.D. 

r — 


Section 

A-A 



4- Mill tlute 105"^ 

% b 

63 aerocase ^ to ■^5 7* 

k0.002^QM4'' § S yL 




9“ Cut flush with 
insert and wear 
itrij^ on n9hten4 


Section A“A 


5' Mill seat tor carbide 

10^ Onll oi) hole- 

tip insert 

6nnd drill 

* 

OPERATIONS ON THE 

0.293* GUN DRILL 


Wi 









Drill exf etision - 1.062"dia., 68“ long 

OPERATIONS ON THE 1.150” GUN DRILL 

Fig. 4. 
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The manufacturing sequence on all the drills is somewhat similar. 
That for the 0.594-inch drill is as follows: 

1. The stock is cut-off, centered, and ground to 0.578 inch 
diameter. 

2. Grooves for the wear plates, the chip flute, and the seat for 

the carbide tip are milled. 

3. The wear plates and carbide tip are brazed in place. 

4. The stock is ground on centers to the correct diameter over 
the carbide inserts, leaving the body slightly undersize, in this case, 
0.578 inch. The latter eliminates the need of relief or back-off on 
the drill. 

5. Both centered ends are cut-off and the oil hole is drilled. 

6. The drill tip is butt-welded to the conventional fluted-type 
seamless-tube shank. 

7. Finally, the drill is sharpened. 

This drill, as well as the other sizes, may be made from drill 
rod. 

Better results, however, are obtained with S.A.E. 3115 steel 
Aerocase hardened to a depth of 0.003 0.005 inch before brazing 

in the wear plates and tip. Case hardening minimizes the danger 
of picking up chips and slight tears on the soft core of the barrel 
when drilling. The 0.578 inch diameter drill will run up to 20 hours 
without sharpening and will take a feed of inches with ease. . 

The machine used for drilling the 1.150-inch air-cylinder hole in 
the receiver body of 20-millimeter automatic cannon was originally 
built for a two-lipped drill with the chip return through the center 
of the drill extension. Chips would often plug this center hole, 
causing the stock to run out as much as 0.030 inch in 24 inches. 
This condition was overcome completely by the 1.150-inch drill 
shown in the drawing. The double lip was replaced by a single 
lip tipped with carbide and backed up with two carbide wear plates. 
Since this drill was designed, run-out in the receiver body has been 
held consistently within 0.008 inch in 24 inches. Chip breakers, 
ground as steps on the cutting edge, split the chips while drilling 
and reduce the possibility of the plugging. The success of this 
drill is partly due, of course, to the rigidity of the round extension 
tube compared with the conventional fluted seamless tube used on 
small drills. Another asset is the ease of removing the drill by 
simply unscrewing it from the extension tube. 

The 1.150-inch drill is used in a No. 420 W. F. & John Barnes 
horizontal drilling machine while running at a speed of 600 r.p.m. 
The speed should be higher, but due to the heavy cradle used for 
holding the work it is not essential. At the 600 r.p.m. speed, the 
drill feed is | to i inch per minute, under which conditions the drill 
can be used for 10 hours and more without resharpening. A feed 
of i j inches per minute can be used at higher speeds. The tail- 
stock of the machine is so constructed as to let the oil, under pres- 
sure, enter along the drill extension-which is | inch smaller in 
diameter than the drill. The oil flows along the two outside fiats 
on the drill up to the point, and finally back through the flute and 
hole in the extension tube, carrying the chips with it. 
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The iHustratbiis, Figs. 3 and 4, are self-explanatory 
Lrun-Ba^el Reamers and Broaches.— Wood-pacM ream^^ra 
finishing the b<^e of cannon of various sizes are still larselv T]<f 5 
in gun shops. _One of these, such as used in the Watervliet Arsenff 
IS shown ^ in Fig. 5. The dimensions of the various Dart^^^’ 
giwn for four sizes, 37 mm., 75 mm., 3 in., and 105 mm. ^ 

X he wood-packed tool is a cutting head followed by two 
round wood inserts which support the bar in the bore TW 

“r.‘y£'L3S“s 'i 

_ When ready to use, the wood is turned 0.005 inch larger than 

support for the bar. High-sptS 
blades are used for the roughing ream and carbon steel for the 
finishing cut. The gun tube is first counterbored for a short 
distance to ensure the reamer’s being started straight. As the wooH 
packing must be replaced after each bore, this makes an expensive 
method both in material and in time. , 

More modern practice is to use babbitt as a packing instead of 
wood, and carbide-tipped cutters instead of high speed and carbon 

carbide cutters maintain their size 
for the whole length of the bore and so eliminate all chance of a 
taper hole, and the babbitt packing can be used for six or eight 
bores before they need to be replaced or eignt 

with about o.ooi-inch clearance 

Detank of the wood-packed reamers. 

babbitt-packed reamers are seen in Figs. 6 and 7 
_Po^ble-Bomg-Bar Feeds and Speeds.— The Van Norman 

following feeds and speeds for 


Diameter of Hole 
in Inches 


Depth of Hole 
m Inches 


Feed in Inches 
per Minute 


caches.— Broaches are now used to cut the 
gun barrels instead of the old, slow method of 
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cutting grooves with a fraU hook tool. Figures 7 anH r • 
detols of the broaching cutters used in cutting^the riffin? ^ 
in fte 37-mm. and in the 3-inch antiaircraft gun. ^ ® 

® grooves 0.02 inch deep and o 23.1 m..i, 

wide. The first broaches remove 0.0015 to 0.003 inch of^mlt'^^ 
o-ooi inch. A lubricant of 3 parts kero^Mt^’ 
70 pound pressure flushes the chips out ahraH 
guides the bL the bearing surface which 

Fittings.— Diamond-core drill fittings hav» 
been standardized since 1929, the last revision of the sfandajfl 

Oufsfde Diamefer 
of Casing 

“3f 


Inside Diamefer of Rush 
I Joinf Casing and of Coupling 


Fig. 10.— Sizes of core barrels. 

being endorsed^ Mar. 25, 1941. This standard covers designs and 
dimensions for rod coupling? drill 
s, core-barrel bits, reaming shells, core-barrel outer tubes and 
inner tubes casing couphngt, flush^couplercasi°n?sT flufeoTut 
casings, and casing bits'. Dimensions of core-& bits and 
r® shells apply to these items as they leave the machine 
and iie/orr being set with drilling diamonds. 

It will be noted that while the threads are called “square” thev 

?o?it makes them's eaS 

listed ‘ Table?! relations between the four sizes 

the corresponding core barrels corp- 
ba^el bits, reaming shells, and rod couplings. ? 

coSing.”“ >^“5 is now usid in place of “swell 

wa?bit°’fJrtfr“''^-®‘^’®®“ bevel-wall and the straight- 
wall bit IS the large diameter of the hole, shown in Z Table 
^and an extension of the K diameter inch beyond ^ 


Table 2 N ominal Dimensions 


.! 
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Table 3. — -Rod Couplings 


£x7e/7sihn for H 
y^upJtngs only 


° 'threads. 
Remove im- 
J/ perfect fhreads> 


I ^ i 

J| — P__ 

__ 


7/?reo'dl . 
•>4<~ — G >1 


B, in 
Inches 

P, in 
Inches 

G, in 
Inches 

H, in 
Inches 

Threads 
per Inch 

if 

2f 

li 

if 

if 

ij 

l| 

l| 

4 

A 

I 

3 

3 

5 

4 


K, in Inches 


0.874 0.870 
^•139 I. 134 
1.280 1.27c 
1.686 1. 681 


Desig- 

nating 

L, in 
Inches 

M, in 

S, in Inches 

T, in 


Inches 

Max, 

Min. 

Max. 

E 

A 

B 

N 

d 

s 

si 

6i 


0.1608 
0.1608 
0 . 094 1 
0. 1164 

0.1563 

0.1563 

0.0897 

0.1120 

0.999 

1.264 

1.405 

1.874 


I SILVER SOLDERS 

solS“S?o°i °f -Iver 

Silvar-soldered joints aie often stronge? than fhe SeS^iiseM.' 
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Xhe solders below are made by Handy & Harman and vary from 

9 to 80 per cent of silver. 

Table 6.— Silver Solder Data 


^ 



Name, 

Melting Point in 
Degrees Fahrenheit 

Color 

TL 

1600'j 


ATT 

i500> 

Brass yellow 

NE 

1575; 


NT 

1450) 


SS 

1435 > 

Pale yellow 

DT 

1445; 


DE 

1370) 


ET 

13401 

Yellow-white 

ETX 

14251 


ETC 

117s' 


RT 

1325) 


BT 

1425 > 

Silver-white 

IT 

14607 



Silver solders are really brazing metals for use between the low 
temperature lead-tin solders and welding. Those high in silver 
resist corrosion.^ They are not expensive because so little is 
required in the joint. They flow very freely. Melting tempera- 
ture varies from 1175 to i6oo°F., depending on composition. The 
more silver, the lower the melting point. 


Table 7.— Fluidity of Fluxes 



Borax 

75 % 
Borax, 
25 % 
Bone 
Acid 

50% 
Borax, 
SO % 

Boric 

Acid 

25 % 
Borax, 
75 % 
Boric 
Acid 

Boric 

Acid 

i Begins to thicken at ........ . 

1400 

1490 

1510 

1510 

1600 

1 Decidedly viscous at. ...... . 

1330 

1440 

1460 

1470 

1510 

! Extremely viscous at. ...... . 


1300 

1325 

1 1325 

1280 

' Almost solid at. . . ..... . .... 

1165 

1340 

1250 

1220 

1160 

Solid at . . . . . ....... 

II2S 

1120 

1160 

1140 

1050 


Fluxes must be used, the characteristics of borax being shown 
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tJs^g Silver Sold6r»“™-Parts niust be thoroughly clean 

iriri “■= “ “ " «■ ft 

j;/a?£vs sio'sc 

against oxidization and aid the flow of solder. Brushing sorS 
the flux more evenly than dipping. S P eads 

, Table 7 shows the fluidity of horax and horic acid solutions in 
degrees Fahrenheit. '^"uuons in 

Heating.— An oxyacetylene flame is too intense for some work 
but oxypn and gas can generally be used satisfactorily Thl 
joint and surrounding metal should be heated slowly before solder 
^sed, the flame should be soft to prevent blowing 
off the flux. When one of the metals being soldered is coDoer 
give It special attention as to heating as it conducts heat awav 
very rapidly. The parts must be thoroughly heated back of the 
joint as well as the joint itself, then heat the joint quickly as hot 
as necessary. A good guide is to watch the borax flux, which 
becomes watery at 1400®?. Large surfaces should be well nre- 
hSvier pie^e taking care to preheat thoroughly the 

Soldering.— When the joint shows a dull red, concentrate the 
name along the joint. The temperature can be judged by the 
following table. ; 

First visible red is about. ..... ooo°F. 

DuH red is about. ........ i2oo°F* 

Cherry red is about i4oo®F.* 

Bright cherry red. ................. i6oo®F.* 

_When ^e heat is right for the solder being used, as given in 
Table 6, bring the solder under the flame. If the parts have been 
properly cleaned, fitted, fluxed, and heated, silver solder will flow 
quickly along the joint, following the flux. 

The increasing use of silver soldering for carbide tips of cuttine 
tools, makes it important to secure the best results possible as a 
poor joint may not only ruin the tip but also cause delay and 
spoiled work. 

Soldering Stainless Steel, — All modern stainless steels can be 
soldered by proper methods and materials. As these steels conduct 
neat slowly, either more heat must be applied or it must be used 
for a longer time. The solder must be hard, tenacious, yet flow 
freely with a suitable flux. It should also have about the same 
color as the steel. 

Pure tin and lead make the best solders for this purpose, 66 per 

a good mixture. This melts 
Brmells at 16.7. It flows freely and is bright when 
buffed. Ordinary solders are not recommended. 

scrupulously clean both mechanically and 
che^cally. The flux should have a solvent action on the oxide 
to keep the surface clean and exclude the air. Zinc chloride is a 
good flux either as a liquid or made into a thin, creamy paste by 
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mixing with 50 per cent solution of hydrochloric acid. The entire 
area to be soldered should be covered with the flux. After tinning 
the surfaces, the soldering can be done in the usual way. 

If difficulty is experienced in making the solder stick to polished 
surfaces, these can be dulled by using the following solution before 
soldering. Hydrochloric acid 45 parts, ferric chloride 25 parts, 
nitric acid i part. This solution should remain on the steel about 
10 minutes before being wiped off. 

After soldering, the surfaces should be washed thoroughly in 
a soda solution and then rinsed clean in clean water to remove all 
traces of the flux acid. 

BRILLS FOR TAPPED HOLES 

There are few cases in which it is advisable to use a tap drill 
small enough to give a completely full thread in the tapped hole. 
A full-depth thread takes three times the power needed to tap a 
75 per cent depth thread and is only 5 per cent stronger. A nut 
with 50 per cent, or half-depth, thread, will break the bolt before 
the thread will strip. The tougher and harder the material or the 
deeper the threaded hole, the less the thread depth can safely be. 
Good manufacturing practice uses from 62 to 75 per cent of thread 
depth and never mop than 83 1 per cent. 

Recommended Sizes.— The Bureau of Standards ^^Handbook 
H28” contains the accompanying tables for tap drills for American 
National coarse- thread series showing the percentage of thread 
depth given by the use of standard drills. These tables show the 
basic, maximum, and minimum diameters of the nut given in the 
standard tables. The drills that will provide these diameters are 
shown in roman type. Those which come outside these dimensions 
are shown in boldface type. 

It must be remembered that the diameter of the hole made by 
any drill depends to some extent on the way it is ground, on the 
material drilled, and on the lubricant used. Holes that have been 
drilled before heat-treatment sometimes go out of round and cause 
tap breakage. The drills shown are carried in stock, some being 
in metric dimensions. 

The Bureau of Standards ^‘Handbook H28,” Screw-Thread 
Standards for Federal Services — 1942, was prepared by the Inter- 
departmental Screw Thread Committee established by the Depart- 
ments of War, Navy, and Commerce to promote uniformity in 
screw-thread standards in the departments concerned. The basis 
for this new handbook, issued January, 1942, is the 1933 report and 
preceding reports of the National Screw-Thread Commission, and 
Handbook H25 which superseded those reports and which this 
handbook supersedes, together with pertinent standards approved 
and promulgated by the American Standards Association. The 
following tables of tap-drill sizes for American National coarse- 
thread series and American National fine-thread series of screw 
threads are taken from the new handbook. 

The essential requirement of a tap drill is that the hole produced 
by it shall be such that, when tapped with a screw thread, the minor 
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Table 8.— Sizes OF Tap Drills— Amemcan Nationat 
. Coaese-Thread Series 

_ (Dimensions m Inches Unless Otherwise NotedV 


Diam- Threads 
eter per Inch 


Minor Diameter of Nut 

________ Cent of Basic Thread Depth 


Nominal 

Size 


Diam. 

eter of Baa, 0 
I bread 



0.05270.06230.0561 


0.0628 0.0737 0.0667 


0.07190.08410.0764 


0.07950.09380.0849 


0.09250.10620.0979 


0.09740.11450.1042 


p. X 234 p. 1384 p. 1302 


f 0.0531 
0.0550 
0.0571 
0.0591 
0.0610 
0.0625 
/ 0.0630 
j 0.0650 
{ 0.0670 
I 0.0700 
^ 0.0730 
f 0.0730 
( 0.0760 
, 0.0781 
f 0.0810 
^ 0.0827 
' 0.0810 
0.0827 
p.0860 
0.0890 
0.0906 
0.0937 
0.0937 
0.0960 
0.0995 
0.1024 
0.1040 
0,1065 
0.0995 
0.1024 
0.1040 
0,1065 
0.1094 
0.1130 
O.1160 
0.1250 
0,1285 
0.1299 


0.0531 

0.0550 

0.0571 

0.0591 

0.0610 

0,0625 

0.0630 

0.0650 

0.0670 

0.0700 

0.0730 

0.0730 

0.0760 

0.0781 

0.0810 

0.0827 

0.0810 

0.0827 

0.0860 

0.0890 

0.0906 

0.0937 

0,0937 

0.0960 

0.099s 

0.1024 

0,1040 

0.1065 

0.0995 

0.1024 

0.1040 

0.1065 

0.1094 

0.1130 

0.1160 

0.1250 

0.1285 

0.1299 
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Table 8.— Sizes oe Tap Drills— American National Coarse- 
Thread Sma-E.s.—Continmd 


jL/iius Aur 100 xo 50 jrer 
Cent of Basic Thread Depth 


i- Threads 
per Inch 

Minor Diameter of Nut 

Basic 

Maxi- 

mum 

Mini- 

mum 

32 

0.1234 

0.1384 

0.1302 1 

24 

0*1359 

0 -ISS 9 

0 

H 

0 

24 

0.1619 

0. 1801 

0.1709 1 

20 

0.1850 

0.2060 

O.T 9 S 9 1 

18 

0 . 2403 1 

0 . 2630 < 

0.2524 1 

16 < 

3.29381 

0.31841 

=•3073 1 


Noininal 

Size 


0*1339 

0.1360 

0.1378 

0.1406 

0.1378 

0.1406 

0.1440 

0.1470 

0.1520 

0.1562 

0.1610 

0.1660 

0.1695 

0.1719 

0.1730 

0.1770 

0.1800 

0.1850 

0.1875 

0.1850 

0.1875 

0.1910 

0*1935 

0,1960 

0.1990 

0.2031 

0.2090 

0.2130 

0.2460 

0.2500 

0.2520 

0.2570 

0.2610 

0.2656 

0.2720 

0.2969 

0.3020 

0.3071 


Per Cent 
Diam- of Depth 
eter of Basic 
Thread 


0.1339 

0.1360 

0.1378 

0.1406 

0.1378 

0.1406 

0.1440 

0.1470 

0.1520 

0.1562 

O.1610 

0.1660 

0.1695 

0.1719 

0.1730 

0.1770 

0.1800 

0.1850 

0.1875 

0.1850 

0.1875 

O.1910 

0.1935 

0.1960 

0.1990 

0.2031 

0.2090 

0.2130 

0.2460 

0.2500 

0.2520 

0.2570 

0.2610 

0.2656 

0.2720 

0.2969 

0.3020 

0.3071 
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Table 8.—-S1ZES oe Tap Drills— American National Coarsi- 
Threao Series.— 


Diam- 

eter 

Threads 
per Inch 

Minor Diameter of Nut 

Stock Drills for 100 to 50 Per 
Cent of Basic Thread Depth 

Basic 

Maxi- 

mum 

Mini- 

mum 

Noniinal 

Size 

Diam- 

eter 

Per Cent 
of Depth 
of Basic 
Thread 






/ 0.312s 

0.3125 

77 






1 0.3160 

0.3160 

73 

I 

16 

0.2938 

0.3184 

0.3073^ 

{ 0.3230 

0.3230 

64 






1 0.3281 

0.3281 

58 






V 0,3320 

0.3320 

53 






. 0.3480 

0.3480 

96 






0.3543 

0.3543 

90 






0.3594 

0.3594 

84 

A 

14 

0.3447 

0.3721 

0.3602 

0.3680 

0.3680 

P 






0.3750 

0.3750 

67 






0.3860 

0.3860 

56 






0.3906 

0.3906 

51 






f 0.4062 

0.4602 

94 

i 

13 

0.4001 

0.4290 

0.4167 

< 0.4219 

0.4219 

78 






1 0.4375 

0.4375 

63 






( 0.4687 

0.4687 

87 

A 

12 

0.4542 

0.4850 

,0.4723 

1 0.4844 

0.4844 

72 






1 0.5000 

0.5000 

58 






( 0.5062 

0.5062 

52 






.13 mm. 

0.5118 

96 






In 

0.5156 

93 







0.5312 

79 

I 

11 

0.5069 

0*5397 

0.5266 

(13.5 mm. 

0.5315 

79 






jn 

0.5469 

66 






\ 14 mm. 

0.5512 

62 






¥ 

0.5625 

53 






A 

0.6250 

96 






1 16 mm. 

0.6299 

92 







0.6406 

84 

i 

10 

0.6201 

0.6553 

0.6417 

< 16.5 mm. 

0.6496 

77 






/li 

0.6562 

■.:72'"'::. 






\ 17 mm. 

0.6693 

62 







0.6719 

60 






(U 

0.7344 

97 

J 

9 

0.7307 

■ 0. 7685 

10.7547 

<19 mm. 

0.7480 

88 






(i 

0.7500 

87 
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Table S.-— Sizes of Tap Drills— American National Coarse- 
Thread 


Diam- 

eter 


li 


If 


Threads 
per Inch 


So. 7307 


0.8376 


Minor Diameter of Nut 


Basic 


0.7689 


0.879s 


0-9394 


I .0644 


1-1585 


Maxi- 

mum 


0.7547 


0.8647 


o , 9858 


I .1108 


■L.-2I26 


Mini- 

mum 


0.9704 


1.0954 


1 .19461 


Stock Drills for 100 to 50 Per 
Cent of Basic Thread Depth 


Nominal 

Size 


(20 mm, 


21.5 imn. 

M 

I22 mm. 

122.5 mm, 
23 mm. 
(24 mm, 

a 

2^.5 mm. 

1 25 mm. 


f 25.5 mm. 

I* 

1 26 mm. 


f 27.5 mm. 
1 28 mm. 

V28.5mm. 

li 

^29mm. 

‘iw 

^29.5 mm. 

lii 

Uomm. 


Diam- 

eter 


0,7656 

0.7677 

0.7812 

0.7874 

0.7969 

0.8438 

0.846s 

O.8594I 

Q.8661 

0,8750 

0.8858 

0.8906 

0.9055 

0.9062 

0.9944 

0.9531 

0,9646 
0.9688 
0.9842 
0,9844 
1. 0000 
1.0039 

1.01561 
I.0236I 
1.03 12; 
1.0781 
1.0827 
1.0938 
1.1024 
1. 1094 
1.1220 
1.1250 
1.1406 
1.1417 

1.1562 
1.1614 
I.I7I9 

I.181I 


Per Cent 
of Depth 
of Basic 
Thread 


76 
74 
65 
61 

54 

96 
95 
87 
82 

77 
70 
67 
58 

58 

97 
93 
86 
84 
76 
76 
67 
65 

59 

55 

51 

93 
90 
84 

80 

76 

69 

67 

59 

58 

51 

99 

94 

90 


6 
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Table 8 .— Sizes o» Tap Drills— Ameeican National Coa^ 
— _ Thread Series.— Coarse- 


Diam- Threads 
eter per Inch 


Minor Diameter of Nut Diills for loo to Kn P 

______ Cent of Basic Thread gepth 

' Basic Maxi- Mini- Nominal Diam- 

mum mum Size eto 


eter 


1-1585 1.2126 1.1946 


/ 30.5 mm 

(lil 
jsi mm. 


•2835 1.3376 r. 3196 


•4902 1 . 5551 1, 533 J 




pi-S nm, 
I li 

1 32 mm. 

'iH- 

/lif 

/33 mm. 

I 

|33*5 mm. 
< /34 mm. 

Vtt 

/34-5 mm. 

rP I 

I 

1 35 mm. 
/3o mm. 
jiff 

1 38.5 mm. 

Ihu 

139 mm. 
(39.5 mm. 

/40 mm. 

/xH 

] 

I 40.5 mm. ] 
\iif I 
1.41 nun. I 


1-1875 

33. 1.2008 
1.2031 
1.2188 
1 . 220 $ 
1.2344 
1. 1.2402 
1.2500 
1.2598 
1.2656 
1.2969 
1.2992 

1*3125 

1.3189 
1-3281 
1.3386 
1-3438 
• 1-3583 

1-3594 

1-3750 

1.3780 

1.3906 

1.4961 

1.5000 

1-5156 
1-5157 
1.5312 
1-S3S4 
1.5469 
1-S5SI 
1-5625 
1-5748 
1.5781 ^ 

1-5938 I 

1-5945 ( 

1.6094 * 

1.6142 r 


■ 
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Table S.— Sizes of Tap Brills— American National Coarse- 
Thread Series.— 




Minor Diameter of Nut 

Stock Drills for 100 to 50 Per 
Gent of Basic Thread Depth 


Threads 


.1 





eter 

per Inch 


^ i 

Maxi- 1 

Mini- 

Nominal 


Per Cent 

Basic 

Diam- 

of Depth 



mum 

mum 

Size 

eter 

of Basic 
Thread 

i 






/43.5 iiwn. 

1.7126 

100 






hM 

1.7188 

97 






1 44 imn. 

1*7323 

93 






Iifi 

1*7344 

92 






lii 

1.7500 

87 






144.5 

1.7520 

86 






ha 

1.7656 

1 ',81 




1-7835 


/45 mm. 

1.7716 

■ 79 

2 

4i 

I.7I13 

1-7594 

< iff 

1.7812 

! 76'. 






\45.5 mm. 

1-7913 

72 






jifi 

1.7969 

70 






1 146 mm. 

1.8110 

65 






/iff 

1.8125 

65 






iiM 

1.8281 

60 






1 46.5 mm. 

1.8307 

59 







1.8438 

54 






\47 mm. 

1.8504 

52 






/50 mm. 

1.9685 

98 






/ ifi 

1.9688 

97 






1 III 

1.9844 

92 






1 50.5 mm. 

1.9882 

91 






12 

2.0000 

78 






151 mm. 

2,0079 

84 



i. 



I2A 

2.0156 

81 

'2'i 

4 i 

1.9613 

2.033s 

0 

0 

ei 

/51.5 mm. 

2.0276 

2.0312 

77 

76 







2.0469 

70 






152 mm. 

2.0472 

70 







2.0625 

65 






1 52,5 mm. 

2.0669 

63 






1 2^ 

2.0781 

60 






\ 53 mm. 

2.0866 

57 






'2 A 

2.0938 

54 






/55.5 mm. 

2.1850 

97 




2.2564 


(2A 

2.1875 

96 

si 

4 : ' 

2.1752 

2 . 2294 

VF 

2,2031 

91 






156 mm. 

2.2047 

91 






V2^ 

2.2188 

87 
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Table 8,—Sizes oe Tap Drills— Amebican National Coarse- 
Thread Series.— 


Minor Dia<net.rof Nut S 


Diam- 

eter 


Per Cent 
of Depth 
ot Basic 
Thread 


Nominal 

Size 


Diam- 

eter 


Maxi- Mini- 
mum mum 


1 56.5 mm. 2.2244 
2 if 2.2344 

57 mm. 2.2441 
2I 2.2500 

57.5 mm. 2.2038 
2|i 2.2656 

2^% 2.2812 

58 mm. 2.3835 
2 a 2.3969 

58.5 mm. 2.3031 
2-is 2.3125 
5911ml. 2.3228 

2ii 3.3281 

2.437s 

62 mm. 2.4409 

2fl 2.4531 

62.5 mm. 2.4606 
2|| 2.4688 

63 mm. 2.4S03 
j2fi 2.4844 

I63.5 mm. 2.5000 

m 2:5156 

164 mm. 2.5197 
pM 2.5312 
Si.s mm. 2.5394 
2tt 2.5469 
65 mm. 2.5590 
2^ 2.5625 

2^ 2.5781 

1^65.5 mm. 2.5787 
68 mm. 2.6772 

/ 2ii 2.687s 

\ 68.5 mm, 2.6968 
2,75642.7294 /2|f 2.7031 

1 69 mm. 2.7165 
(2|f 2.7188 

' 2 ii 2.7344 
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Table 8 .^ — Sizes of Tap Drills— American National Goarse- 
Thread Continued 




Minor Diameter of Nut 

Stock Drills for 100 to so Per 
Cent of Basic Thread Depth 

Diam- 

eter 

Threads 
per Inch 






Per Cent 

Basic 

Maxi- 

mum 

Mini- 

mum 

Nominal 

Size 

Diam- 

eter 

of Depth 
of Basic 








Thread 






/69.5 mm. 

2.7362 

81 






hi 

2.7500 

77 






1 70 mm. 

2.7559 

75 







2.7656 

72 






I70.S mm. 

2.7756 

69 

3 

4 

2.6752 

2.7564 

2.7294 

ha 

wi mm. 

2.7812 

2-7953 

67 

63 






12^ 

2.7969 

63 






i 2 

2.8125 

58 






1 71.5 mm. i 

2.8150 

57 






Uii 

2.8281 

53 






\72 mm. 

2.8346 

sj 






774.5 mm. 

2.933X 

98 






ha 

^•9375 

96 






1 75 mm. 

2.9528 

92 






\2fi- 

2.9531 

91 

3 i 



3.0064 


) ^ 

2.9688 

87 

4 

2.9252 

2.9794 

<75.5 nun. 

2.97241 

85 






2.9844 

82 






/ 76 mm. 

2.9921 

79 







3.0000 

77 







3*0312 

67 






'3 A 1 

3.0625 

58 






/sA 

3-1875 

96 

3}, ; 



3 •455641 


) 3 A 

3.2188 

87 

4 

3.1752 

3.2294 


3.2500 

77 


■■ ■ 



jsA 

3.2812 

67 






^' 3 * 

3*3125 

58 

3 f 

4 

3.4252* 

3-5064 

3.4794 

{# 

3*4375 

3.5000 

96 

77 






( 0.0453 

0.0453, 

91 

0 

80 

0.0438 

0.0514 

0.0465 

j 0.0469 

J 0.0492 

0,0469 

0.0492 

81 

67 






( 0.0512 

0.0512 

54 






1 0.0550 

0.0550! 

100 

I 

72 

0.0550 

0.0634 

0,0580 

1 0.0571 

0.0571 

88 






1 0.0591 

0.0591 1 

77 
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Table 8.— Sizes oe Tap Drills—Ameeican National Coai>= 

Thread S-EmE^.-^Contimed 

Minor Diameter of Nut for xoo to so Ppr 

Cent of Basic ThrAo^ 


Diam- Threads 


Basic 

Maxi- 

mum 

Mini- 

mum 

o.ossc 

•0.0634 

0 

b 

Ca 

00 

0 

0.0657 

0.0746 

0.0691 

0.0758 

0.0856 

0.0797 

0.0849 

0 . 0960 

0.0894 - 

o-OQSS 

0.1068 ( 

1 

0.1004 < 

1 

o.io55< 

>. 1x79 c 

5. 1109 1 


P^r Cent 

Th?S 


( 0.0610 
0.0625 
[ 0.0630 
1^ 0.0670 
0.0700 
^ 0.0730 
^ 0.0760 
0.0781 
o.oSio 
0.0827 
. 0.0860 
0.0860 
0.0890 
0.0906 
0.0937 
0.0960 
0.0960 
0.0995 
0.1024 
0.1040 
0.1065 
0.1094 
0.1065 
0.1094 
0.1130 
0.1160 
0.1200 


0.0610 

0.0625 

0.0630 

0.0670 

0.0700 

0*0730 

0.0760 

0.0781 

0.0810 

0.0827 

0.0860 

0.0860 

0.0890 

0.0960 

0.0937 

0.0960 

0.0960 

0.099s 

0.1024 

0.1040 

0.1065 

0.1094 

0.1065 

0.1094 

10.1130 

0.1160 

0.1200 


ElHSipMS 

b7devdopS: ^ 
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If on the other hand, the tap drill is too small, the tap will be 
forced to cut a thread of full depth, and in the extreme case to act 
as a reamer also. This will result in excessive power consumption 
and tap breakage and will also make the minor diameter of the 
tapped hole dependent upon the minor diameter of the tap. This 
is undesirable since the minor diameter of the tap is not, in general, 
held to the same close limits as the other tap elements, and as a 
result the minor diameter of a hole tapped under these conditions 
may be in error even though the tap is otherwise correct. 

It is a well-known fact that the size of the hole produced by a 
tap drill depends to some extent upon the method of grinding the 
drill, the material drilled, the lubricant used, and the speed and 
feed of the operation. This being true, it is apparent that fixing 
the diameter of the tap drill does not completely fix the diameter 
of the hole. 

There are given in the accompanying table all drills regularly 
carried in stock, both English and metric, which fall between the 
limiting dimensions of the minor diameter of the threaded hole 
for the American National coarse- and fine-thread series, as well 
as drills outside of the minor diameter limits corresponding in size 
to thread depth from 50 to 100 per cent. Drill sizes up to 4 inch 
are in agreement with A.S.A. B5. 12-1940, Twist Drills, Straight 
Shank, published by the A.S.M.E.^ The stock drill sizes given in 
italics are not within the specified limits for minor diameter of nut. 

HOLE CIRCLE LAYOUTS 

The following tables are for accurate layout of holes on a given 
circumference. The values given are constants for a i-inch circle. 
For larger or smaller circles, multiply the values by the diameter 
of the given circle. All values are given in ten-thousandths of an 
inch. 

The tables are useful on precision machines, particularly the 
jig borer. They are to be used as follows: 

Have the work fastened in position and locate the true center. 
Then move to the right a distance equal to the radius of the circle 
to be divided. Bore hole i. Then move horizontally to the left 
the required number of ten-thousandths for hole 2. Follow this 
by moving vertically the required number of ten- thousandths for 
hole 2 , thus locating this hole. B epeat these horizontal and vertical 
movements, locating each hole in turn. At each outer intersection 
bore the hole, and repeat until the circle is complete. 

For example, in laying out 12 holes on a i -inch circle as shown 
in one of the drawings, hole i is bored 0.5000 inch to the right of 
the center. Hole 2 is located by first moving 0.06699 inch to the 
left and then 0.2500 inch vertically. Hole 3 is located by moving 
0.18301 inch horizontally to the left and 0.18301 inch vertically. 
This is repeated, using the proper constants, for locating hole 4. 
But when locating hole 5, move vertically downward 0,06699 inch 
and then horizontally to the left 0.2500 inch. This is repeated for 
holes 6 and 7, using the proper constants. Hole 8 is located by 
moving horizontally to the right 0.06699 inch and then vertically 
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Hole No. 

Horizontal 

Vertical 

Three holes: 



I 

0 . 50000 


a ^ 

3 

0.75000 

0.43301 

0 . 86602 

Five holes: 



I 

0 . 50000 


2 ■ 

0-34549 

0-47553 

3 ? 5 ' ■ ■ 

0.55902 

0,18164 

4 


0.58778 

Six holes: 



I, 3j 

0.50000 


2, 4. s 

0.25000 

0.43301 

Seven holes: 



I 

0 . 50000 


■2 

0.18826 

0.39091 

3,7 

0,42300 

1 0.0965s 

4 , ^ 

0-33923 

0.27052 

5 


0.43388 

Eight holes: 



I 

0.50000 


J, s. 6 „ 

0.1464s 

0-35355 

3 > 4 > 7 , 0 

0-35355 

0.14645 

Nine holes: 



I 

0.50000 


2 

0.11698 

0.32139 

3 , 9 

0.29620 

0. I 7101 

4> S 

0.33682 

0.05939 

5,7 

0.21984 

0.26200 

6 


0.34202 

Ten holes: 



I 

0.50000 


2, 6, 7 

0.09549 

0.29389 

3, S, 8, 10 

0.25000 

0.18X64 

4, 9 

Eleven holes: 

0.30902 




I ■■ ■ 

0.50000 


' 2 

0.07937 

0.27032 


0.21292 

0.18450 

4, 10 

0.27887 

0.04009 

■5, 9 

0.25626 

0. 1 1 704 

6, 8 

0.15233 

0.23701 

„7\ 


0.28172 

Twelve holes: 



1 . 

0.50000 


2, 7, 8 

0.06699 

0 . 25000 

3, 6, 9, 12 

0. 18301 

0.18301 

4, 5 , 10, II 

0. 25000 

0 . 06699 
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9--Hoi,e Chicle LAYovTS.-Coniinued 


Thirteen holes; 


Fourteen holes: 

' 1 

2, 8, 9 

3, 7, lo, 14 

4, 6, II, 13 

5, 12 

Fifteen holes: 


Sixteen holes: 

I 

2, 9, 10 

3 , 8, ri, 16 

4 , 7 ? 12, 15 
S } 6, 13, 14 


Horizontal 


0.50000 

0.05727 

0.15870 

0.22376 

<^•23757 

0.19695 
o. 11121 


o . 50000 
0.04951 

o* 13875 

o . 20048 
o. 22252 

o . 50000 
0.04323 
o. I222I 
o. 18005 
0.20677 
0.19774 

0- 15451 
0.08456 


o. 50000 
0.03806 
0.10839 
0.16221 
0,19134 


0.23236 

0.179x3 

0.08486 
0.02885 
O- 13594 

0.21190 

<^•23932 


0.21694 

0.17397 

0.09655 


<^•20337 
0.16820 
O . 10396 
0.02173 
0.06425 
0.13912 
0.18994 
o . 20790 


O.I9I34 

o. 16221 
0.10839 
0.03806 


went is vertically upward or , the next move- 

right. IleselfctftheToper mormeTh’, left or 

ixient of the circle as the holes are bored. ^ the develop- 
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Flaften cuffing Up 
Web thinned30fo40% 



No2: 


NoJ: 

Hard m&fermis 
Manganese sfeeJ (7-13 
percent Mn) 


Mectf’freafecfsieeis 
Drop forgings 
Alloy steels in 
240 Brfnell range 



fiat fen cuffing lip 


Black Devil driUs 



No2: 

General work 
Soffsfee! 

Forged so ffsfee! 
Casfsfeel 

Tool steel (ameaied) 



wlafien cuffing Up formarbiii 


No A 
Bronze 
Soft bronze 



NoJ: 

Aluminum Die-castings 
Fiber Hard rubber 
Plastics Wood 


No.S: 

Deep holes in. 
Softstee) Hard steel 
Cast iron Nickel 
Manganese alloys 


No.S: 

Aluminum alloys 

Marble 

Plastics 




jDs:Qrind this angle to 
\suitwork fordriUsoverUolia. 

No.8' 


'^Lfp 

^dearancex 
^ ^iitoisr 
<^JI8^ 

No. 9: 


Sheet metals Copper 
Fiber Plastics 
Wood 


Slate 


Drill Points for Various Materials {Cottrtesy of Westinghouse Electric 
MantifacUirhi^ Company.) 









CUTTING TOOLS 
CARBIDE TOOLS 

parts is small steel 

speed of 1,000 feet per XtewftfS K,‘?f R."® 
n one setup, bits ground as shown 


£ “rdXSiTil “ l-iT £™j 

revolution and a 0.003-mch depth of lul'® Th°e b^rinVbar ?c 


<? ‘9. 


\ 4^ 

Fig. I.— Tool bit for precision boring. 

give the cntti^ spLd°of i ooo^feef f H°° ''•P ®' 

section of the ifore'^fe semte^^ i" Part a 

interrupted eut about I inch w ' PrS ^ an 

215 pieces, and the k 5 ’ ^^o^^cj;ion Per grind averages 

times. Best results are to twenty 

to dimensions developed by the curaud bit is ground carefully 
fixture to hold the bits whL bein^ using a special 

at the nose of the bit and the ^uftilv ed^ tbe radius 

quently, a slight variation will >io ^ ®uge angles are critical: f re- 

<iuction’obtaineU“we» too ' rinl 

produced. Figure i shows su^ tool b"t 
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HARE ON CUTTING TOOLS 

Macliiiiing liard metals such as armor plate has resulted in the 
development of cutting tools with a negative rake. Started as a 
means of preventing breakage of the carbide tips, it has been found 
to allow higher cutting speeds and to leave a better surface, and 
is particularly useful for turning or planing interrupted cuts where 
the shock of the tool entering the work caused breakage. The 
average negative rake seems to be from 10 to 15 degrees, but some- 
times when the turning tool meets a hooked surface, the angle may 
be increased to as much as 35 degrees with turning tools. 

Positive Rake for Soft Metals. — Negative rake, in the opinion of 
Arthur A. Schwartz, chief tool research engineer at Bell Aircraft, 

clearance x'S^re/ief on 



Fig. 2.— 'Negative-rake milling cutters. 


is justified on carbide cutters only to support the cutting edge. It 
takes more power and imparts more heat than positive rake. 

The factors to be considered in milling are chip thickness {not 
depth of cut), speed, and power. The feed must be sufficient to 
maintain a sufficient thickness of chip, which for aluminum or 
magnesium should be from 0.005 to 0.012 inch. Aluminum is now 
being milled at from 8,000 to 18,000 surface feet per minute. This 
means that the feed per minute is the chip thickness times the r.p.m. 
times the number of teeth. Cutters with from one to six teeth 
are now being used. With two teeth and 3j5Qo r.p.m,, as on 
Farnham spar millers, there are 7,000 chips per minute. If the 
chip is G.oio inch thick, the feed will be 70 inches per minute. 

With a single- tooth cutter, Bell Aircraft is removing over 200 
cubic inches of aluminum per minute at a feed of 30 inches. The 
cut is 3 inches deep by 3I inches wide. Here the heat goes into the 
chips, and both work and cutter remain cool. 

Mr. Schwartz has found that heat increases up to 3,000 cutting 
feet per minute and then decreases. No higher speed produces 
so much heat as is produced at that point. 

Negative Rake. — -Milling cutters are also made with negative 
rake and also a negative helix, the angles in both cases depending 
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on the work to be done. "Malcolm F. Judkins, chief engineer of 
the Firth-Sterming Company, must be credited with much of the 
development of such milling cutters, which permit high cutting 
speeds, milling of heat-treated alloys, a highly burnished surface, 
Table 2. — Feed Rates for Milling Armor Plate 


Note: About i cubic inch, of metal removed per horsepower- minute, 


Rake /O^egaf/ve 


\ \ ( / ) \ Blade sek in 

A 1 j i - , - , J body af posHive 

\ '10° negative helix helix 

\ . 

^ Blade set in body at positive rake 

Fig. 3. — Grinding negative rake on standard cutters, 
and a high rate of production. High cutting speeds and light 
cuts were at first thought to be necessary, but later developments 
show that slower speeds, deeper cuts, and heavier feeds are also 
possible. This is called ** hyper-milling,” and a typical cutter is 
seen in Fig. 2. Table i shows performance data with cutters of 
this kind. Table 2 shows feeds used in milling armor plate. 



Size of Cut, in Inches 

Feed Rate 

Type of Cutter 

Depth. 

Width 

Inches per 
Tooth 

Inches per 
Minute 

Shear clear face mill, . 

J to l| 

6 to 12 

0.015 to 0.030 

li to 3 

Shear clear face mill, . 

I 

12 to 18 

0.018 

li 

Shear clear face mill. . 

i 

12 to 18 

0.024 

■ ■ ' 

Shear clear face mill. . 
Standard face mill 

i 

12 to 18 

0 . 030 

2i 

(square corners) . . . . 
Standard face mill 

i to J 1 

6 to 12 

0.0X0 to 0.020 

I to 2 

(square corners).. , . 
Helical slab mill (6 
inch diameter or 

I 

6 to 12 

0.0X0 to 0.015 

I to l| 

over). , ..... ...... 

Helical slab mill (6 
inch diameter or 

i to i 

6 to 10 

0.0X0 to 0.020 

I to 2 

over)..... ... 

Solid H.S.S. end mill 
(under 3 inches 

I 

6 to 10 

0.0X0 

I 

diameter) ...... — 

i V 

2 to 3 

0.006 to 0.0X0 

1 to I 
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Figure 3 shows how negative rake can be ground on regular 
cutters. 

It is essential that the cutters be properly ground as instructed 
by the maker and that each tooth be lightly hand-honed with a 
440-grit, diamond-impregnated honing stick. 

Development along this line for milling aluminum and softer 
metals has resulted in very high speeds and feeds. Engineers at 
the Vega plant of the Lockheed Company have done much along 
this line. Some tests show milling speeds as high as 18,000 feet 
cutting speed per minute, and a speed of 5,000 to 8,000 feet is not 
uncommon. Milling cutters for this work are now made with a 
cast-iron body having carbide tips welded to the teeth. The teeth 
must be widely spaced and few in number for best results. Each 
tooth should have a bite of from 0.005 to 0.012 inch. Some believe 
that metal can be removed at from five to ten times the rate used 
a few years ago. ^ 

Standard Milling Cutters. — Table 3 gives speeds and feeds sug- 
gested by the War Production Board for use with standard milling 
cutters. As these cutters greatly outnumber the newer negative- 
rake cutters, the suggestions still have a wide application. 

FACE-MILLING CUTTER MOUNTINGS 

Approved methods of mounting face-milling cutters are shown 
in Figs. 4 and 5. These are suggested by F. W. Lucht, engineer of 
the Garboloy Company, and show all necessary details for mounting 
cutters on spindle noses and also in the tapered hole in the 
spindle. 

Carbide-Tipped Face Mills. — In face milling on a universal 
knee-type milling machine, the table must be set at zero position, 
making the table travel normal to the center line of the cutter 
spindle, or slightly past zero by an amount not greater than 0.002 
inch in 18 inches so that the trailing portion of the cutter will not 
spoil the work. In face milling on a plain milling machine of 
either the horizontal knee or the vertical type, the angular relation 
of the milling-machine spindle to the direction of table travel is 
such that the trailing portion of a cutter if properly ground will 
not spoil the finish on the work. This also applies to -the manu- 
facturing and planer type of millers. 

When the tapered hole in the machine spindle is used to centralize 
a face mill, it must be clean, so that a uniform metal-to-metal fit 
for the full shank length is obtained. 

Mr. Lucht suggests that the following precautions should be 
observed when cemented carbide- tipped cutters are used : 

1. Never disengage spindle while feed is engaged. 

2. Always have the cutter rotating before feeding work up to 
the, cutter.;;'; ,, 

3. When using machines with rapid traverse, make certain that 
the rapid traverse is out, and the regular feed in, before the work 
comes in contact with the rotating cutter. 

4. When stopping the machine, first throw out the feed, and 
then immediately disengage the clutch spindle. 
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Never allow the cutter to idle in the cut, for the rubbing of 
the cutting edges against the work has a lapping effect on the cut' 

ting edges that dulls the cutter, 

6. Keep the cutter rotating when returning the table to starting 

position after a roughing cut. 

7, After a finish cut, the work should be removed before returning 
the table. 

Keep the backlash in the feed screw at a minimum; lock the 
knee and saddle securely before starting a cut; adjust table gibs 



Grind Toe 0-001 -a002>r 
^1l)^"higher thon heel 

Jl 

Relief to edge 

T' 



Fig. 4.- — Face-mill teeth for general work. 


to give the table a snug sliding fit; check lubrication to make certain 
that it is adequate and properly applied; keep end play in the 
machine spindle at an absolute minimum; and wipe chips from the 
ways before moving the table saddle or knee. 


Example of Use of Table 4 

Material to be milled, ... ......... Cast iron-medium gray 

Type of milling cut. Roughing 

Diameter of face mill. 10 inches , 

Number of teeth in face mill. . ........ . 22 


Method 

1. Select the starting cutter speed in feet per minute for cast 
iron— 'medium gray from Table 5, 180. 

2. Place the straight edge on the nomograph (Table 4) in position 
4.J, passing through 180 feet per minute and 10 inches cutter 
diameter. Read 69 r.p.m. as the approximate speed to set the 
milling. (Select the milling-machine speed nearest to this speed.) 

3. Place the straight edge in position CD, lining up 69 r.p.m. 
with 22 (number of teeth in cutter), and read isio-p as the number 
of teeth per minute. 

4. Select starting roughing feed per tooth from Table 5 as 0.012 

inch, ■ ■ ■ 

5. Place the straight edge in position EF, lining up 1510+ 
teeth per minute with 0.012 inch feed per tooth, and read milling- 
machine- table travel as 18.2 inches per minute. (Select the milling- 
machine- table feed rate nearest to the above feed rate.) 


I 
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Table 5.— Speeds AND Feeds 

Suggested Range OF Cutter 
Peripheral Cutting Speeds 
AND Recommended Starting 
Material Speeds in Feet per Minute 

Aluminum. 500 to 3,000 maximum machining 

speed 

Brass— hard and soft. . 800 to x, 000 

900 

Bronze: 

Tough. 100 to 1,000 

250 

Soft.. . . t . . • . . ••• 800 to 1,000 

900 

Cast iron: 

Soft gray . .................. 180 to 250 

200 

Medium gray. 16010225 

■ 180 '■ ■ 

Hard gray.... ........... ... 13010 200^ ^^^^^^^^^^^^^^ 

160' " 

Steel content below 25 per cent 150 to 225 

180' 

Steel content 25 to 40 per cent 16010 300 

; -200 

Steel content over 40. ...... . 180 to 350 

■ ■ , 220'' ■ 

Copper. . ...... . . . . . ... . . ..... 300 to 1,000 maximum machining 

speed 

Fiber 30010860 

606 ■ 

Malleable iron: 

Hard.. ................ . . 15010225 

■■180 

Medium. . . ...... ... .... . . . . 160 to 300 

200 ■ 

Plastics. •••••* . • . . ... 500 to 1,500 

Boo . 

Steel: ' 

Carbon and alloy cast. . . . .... Consult carbide supplier 

Zinc alloy die castings 300 to 1,000 

■' " 500 

Suggested range of feeds expressed as feed per tooth and 
recommended starting feed per tooth in inches, as applied 
to face mills 

Roughing 0.012 to 0.017 inch 

Start 0.012 inch 

One-pass finish 0.008 to 0.012 inch 

Start . o . 008 inch 

Finishing 0.005 to 0.010 inch 

Start 0.005 inch 
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run at feeds above and below the starting feed to determine which 
produces the most economical results. 

* Face mills that have a 15-degree chamfer on the corner of the 
teeth and run true on the face will produce a degree of finish that 
increases as the rate of feed decreases. When these face mills are 
ground with a 3- to 5-degree lead angle between the straight side, 
or face, and the 45-degree chamfer, the mill will produce the same 
degree of finish at an increased rate of feed, all other Conditions 
remaining identical. 

I In Figs. 4 and 5 are shown two types of face-milling cutters. 

I Figure 4 is a cutter for general-purpose milling, whereas Fig. 5 shows 

I a cutter ground for special work requiring close limits, 
j The lead angle reduces the feed marks or revolution marks to a 

j minimum. Decreasing the feed per tooth, or grinding a lead angle 
on the face of a cutter reduces the chip thickness, which in turn 
increases the abrasion at the cutting edge and decreases the cutter 
life. Always use the maximum feed possible that will give the 
desired finish on any milling operation. 

The dulling of any cutter is dependent on the number of con- 
tacts a given tooth makes with the work. When an increased feed 
per tooth is used, all other conditions remaining the same, more 
material is removed for the same tooth wear. 

I Cemented-carbide-tipped milling cutters are capable of working 

' in the surface scale of most castings practically as easily as the 

j inner or softer material. In milling a scaly material, the increased 

feed per tooth will break up the scaly surface ahead of the cutting 
edge, so that the cutting edge will have reduced contact with the 
scaly surface. For this reason, it is necessary to allow only 
to |-inch stock for machining instead of following the older practice 
of allowing | to | inch._ This may often permit the use of a one- 
pass finish (rough and finish cut combined). 

Mounting the Gutter on the Spindle Nose. — ^The satisfactory 
performance of any face mill is dependent on its proper mounting 
on the machine spindle or arbor. This mounting should be the 
same as that used for sharpening and inspection. Whenever 
possible it should be fastened directly to the spindle nose either by 
bolts or by a nut arbor. The face of the spindle nose should be 
flat, smooth, and free from nicks and burrs. Any portion of either 
the machine spindle or centering plug or arbor supporting the face 
( mill that in any way comes in actual contact with the face mill 
should run true. No other portion of the machine spindle, center- 
ing plug, or arbor should have rigid contact with the face mill in 
any way. The necessary keys for driving, and the bolts, nuts, or 
screws used for clamping, should have only a slidable or self-adjust- 
ing contact with the face mill, so that they will in no way bind and 
force the face of the mill to run out. (See Figs. 6 to 9 for details.) 

Production milling data accumulated to date from milling with 
cemented carbide- tipped face mills indicate that, when it is neces- 
sary to use a coolant, a solution of soluble oil offers the best results. 
A soluble oil solution carries away the heat two to three times as 
fast as the usual cutting oils. 




Fig. 6. Face null centered by outer diameter of spindle. 
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On most face-milling operations where it is necessary to use « 
coolant, it should be a flood and not a trickle. A slight flow of 
coolant is detrimental to cemented carbide and results in cutter 



failure. Proper splash guards should be provided to protect the 
operator. A single stream of coolant as in Fig. lo is never 
satisfactory. 

On wide cuts, a nozzle having a semicircular shape located roughly 
as shown in Fig. ii is suggested. The inner circumferential portion 



of ^e nozzle has large drilled holes or elongated slots angularly 
positioned to direct the flow of coolant at high velocity against the 
cutimg teeth. This keeps all cutting teeth cool and holds the 
^ raaclnne s down time to a minimum. The nozzle should be posi- 
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tioned so as not to interfere with the how of chips away from the 
work. 

Two methods of mounting cutters on the face of the spindle are 
shown in Figs. 6 and 7. In Fig. 6 the cutter is centered by the 
outer diameter of the spindle nose, and in Fig. 7 the cutter is 
centered by a plug held in the taper of the spindle. In either case 
the face of the milling cutter must run true with the face of the 
f spindle. Both methods use capscrews to hold the cutter against 
the face of the spindle. 

Tw^o other methods are shown in Figs. 8 and 9. In Fig. 8 the 
cutter is centered by the nose of the taper arbor; this is held in the 
spindle by the draw-in bolt, which must be tight. Here the cutter 
seats against the face of the spindle. 

In Fig. 9 an arbor having a collar is used, this acting as an 
' adapter between the milling cutter and the milling-machine spindle. 
In both cases the actual driving of the cutter is done by the keys 
on the face of the spindle, which should have uniform contact with 
both drive key slots in the milling cutter or in the collar of the 
arbor, as in Fig. 10. 

Causes and Elimination of Chatter. — Chatter may be caused by 
improper sharpening. It can sometimes be eliminated by reducing 
the cutting relief angles. In other cases the motor on the machine 
may be working beyond its normal capacity, so that the flow of 
power fluctuates. 

Another cause of chatter is too much contact between the cutting 
edge of the teeth on the cutter and the surface of the work. In 
these cases chatter frequently can be reduced by resharpening. 
Varying the size and angle of chamfer may correct it. 

The work may not be clamped firmly. If the part includes thin 
sections, more support is required behind such sections to prevent 
; vibration. Chatter may be caused by too light a fixture, or by 
1 loose gibs in the knee of the miller. 

Increasing the rate of feed will often eliminate chatter. Often 
a flywheel mounted on the cutter spindle will neutralize chatter or 
the use of braces connected to the overarm may eliminate it. ■ 

A dull cutter should never be used, because it consumes increas- 
ingly more power, leaves an inferior finish, and may destroy the 
I accuracy of the part being machined. It is false economy to allow 
the cutter to become dull to such an extent that a heavy grind is 
necessary, for more time is required to sharpen a very dull than a 
: slightly dull cutter, and valuable carbide is wasted. 

It is an economy to remove the cutter for sharpening as soon as 
the cutting edges become slightly rounded and leave a poor finish. 
Many plants determine some definite number of hours' run for 
the cutter before it becomes extremely dull, and then remove it for 
sharpening. Machine down time can be held to a minimum if this 
change period comes at the time of a shift change. 

I BROACHES 

Tooth shape and smoothness are two essentials of good broach- 
ing. Except for broaches used in cored holes, wear should not 
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exceed 0.005 incli before resharpening. Hook angle is important 
but on small broaches depends somewhat on the grinding wheels 

that can be used. 

Hook angles increase with the ductility of the material. Sug~ 
crested hook angles are: cast iron, 6 to 8 degrees; hard steel, 10 
degrees; soft steel, 15 degrees; aluminum 15 degrees or more; brittle 
brasses and bronzes, no hook to minus 5 degrees. 

The manner of grinding is also important. The original hook 
angle should be maintained and the depth of the space should not 
be increased. The illustrations explain themselves. When the 
grind is confined to the upper part of the tooth, as in Fig. 12, it 
acts as a chip breaker. Grinding should be on the face of the 
tooth except for broaches that slab, or finish outside surfaces, for 
this does not affect size. For this work the rake is sometimes 

increased to 3i degrees. ; 

General dimensions for round and spline broaches are given in 

Tabled. 

TURRET LATHE TOOLS 

Table 7,-— Suggested Cutter Angles tor Turret Lathe Work 
(In Degrees) 

iS/de rake 


m 

c/eorance 




Back rake 




'"Froni c/ea ranee 


Material 

Side 

Clearance 

Front 

Clearance 

Back 

Rake 

Side 

Rake 

Cast iron 

i 8 

8 

5 

12 

Copper. 

12 

10 

20 

25 

Brass 

10 

8 

0 

0 

Hard bronze. 

8 

8 

0 

0 to 2 

Aluminum. 

10 

8 

35 

15 

.:S.A,E. 1315.'..' .. 

10 

8 

IS 

20 

S.A.E. 1045. ....... 

8 

8 

12 

15 

S.A.E. 2315. 

8 

8 

12 

IS 

S.A.E. 3140. 

8 

8 

10 

12 

S.A.E. 3250., 

8 

8 

8 

12 

S.A.E. 4140. . ........ 

8 

8 

12 

■ : IS' 

S.A.E. 6145. . . . . .......... 

8 

8 

8 

12 

Stainless steel. . . . . . . . . . . . . 

10 

8 

IS 

10 


■ Warner and. ■Swasey. . 

Cutting Angles for Turret Lathe Tools,-— Table 7 gives suggested 
cutter angles for turret lathe tools for machining cast iron, steels, 
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and nonferrous metals. The table covers angles for side dear- 
ance, front clearance, and back and side rakes. 

USING CARBIDES ON ODDER MACHINE TOOLS 

Cutting Speeds*— It is stated by authorities that there is no 
reason why older types of machines in' good condition— such as 
boring mills and turret lathes— cannot be adapted readily to the 
use of carbide tooling. The main consideration in old equipment, 
as well as in the new types of machine tools, is that the machine 
must be able to run fast .enough — and smoothly enough at that 
faster speed. 

The main objective to keep in mind in cutting steels with carbides 
is that the cutting speed be high enough to prevent the forming of a 
built-up’^ edge. This means an average cutting speed in the 
neighborhood of 200 feet per minute (the lower the carbon, usually, 
the higher the speed). 

Checking Old Machines, — The adaptability of an available 
tool to the use of carbides can be checked by the following con- 
siderations: 

It takes more power to run at the higher speeds required— to 
remove metal at a faster rate. It takes more power, also, to cut 
steel than to cut nonferrous metals or cast iron. Horsepower 
requirements may be calculated by the following formula: 

H.P. per tool — depth of cut in inches X feed in inches X (sur- 
face feet per minute) X (power constant). 

The power constant varies from 6 to 10, depending on the steel 
to be cut, as follows: 


Steel Constant Steel Constant 


loio to 1025 6 3115 to 3130 8 

1030 to 1095 8 3135^3450 9 

1112 to 1120 6 4130 to 4820 9 

X1314 to X1340 8 5120 to 52100 10 

T1330 to T13S0 9 6115 to 6195 10 

2015 to 2320 7 Cast steel 9 

2330 to 2350 9 


The power required to operate the machine at speed with tools 
not cutting must be added, of course, to obtain motor horsepower. 
This requirement is usually figured as 30 per cent of the horsepower 
required for cutting. 

Then belts, clutches, etc., should be checked for ability to trans- 
mit the horsepower to the spindle. Clutch fingers should be 
to prevent slipping and stalling. When the machine is 
with a flat belt, it may be changed to a V belt drive, 
sure that the number of belts is adequate. 

If the machine stalls in the cut, loosen the holding screws 
the tool from the cut to prevent breakage. Do not 
work or try to back the tool out of the cut. 
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The high speeds make it advisable to use an antifriction tailstock 
center Spindles should be checked for adequate lubrication at 
the higher speeds at which they will operate. Solid supports 
should be used under the tools in place of rocker tool plates, and 
shims should be used to keep the tool at proper cutting height. - 
To handle the increased volume of chips, where openings in 
machine bands and around tool blocks are small, sheet-metal 
chutes are useful to prevent chips from clogging slots and pockets; 
and chip breakers can be used where size of openings require 
production of small chips. 

Excessive tool clearances that might cause chatter at the higher 
cutting speeds and worn bearings, slides, and ways should be 
corrected. Where it is impractical to tighten the machine up 
sufficiently to eliminate all chatter, a certain amount can be cor- 
rected by the use of negative rakes in the tools. 


COOLANTS FOR CARBIDE TOOLS 

Usually, increased cutting fluid capacity and flow are required 
when machining with carbide-tipped tools, because of the very high 
speeds at which machines can and should be operated when cutting 




Coolant piped 
from beneath 
tool 

Note Increased secondary 
clearance to facilitate coolant 
reaching cutting edge 


Coolant 
piped . 
frorn bofh^ 
sides of 
too! 



Method for Providing 
Individual Coolant Supply 
to each tool 

Fig. 13.“— Using coolants on carbide tools. 

with such tools. Not only should the pump have sufficient capacity 
to supply large volumes of the fluid under sufficient pressure to 
cool the tool and work adequately, but the cutting fluid must be 
■ so directed that it will not be carried away from the tool by the 
fast-moving chip. Several ways of directing the fluid are shown 
in Fig. 13. 
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The prime requisite of a cutting fluid for use with carbide- tipped 
tools is cooling quality. A good soluble oil works well. Cutting 
oils are used but in some cases are objectionable because of the 
smoke developed. It is reported that straight cutting oils are 
not good coolants at speeds in excess of 200 surface feet per minute- 
however, where chip pressures are high and lubricating qualities of 
oils are desirable, large volumes can be used to enhance cooling. 

SMALL END MILLS 

Speeds.— The growing use of the small high-speed heads for 
milling machines makes it necessary to use sufficient speed if best 
results are to be obtained. Table 8 gives what Kearney & Trecker 
call the Weldon chart to be used with the high-speed attachment 
made for their machines. 

Table 8.— The Weldon Chart oe Approximate Speeds tor 
. End Mills 




■4w 



Diameter of 

End Mill, in Inches 

Tool Steel 

70 Ft. per Min., 
R.p.m. 

Machine Steel 

So Ft. per Min., 
R.p.m. 

Cast Iron 

90 Ft. per Min., 

, R.p.m. '' 

A 

4,276 

4788S 

5,498 

ih 

2,85s 

37259 

3,688 

1 

2,140 

2,440 

1,625 

2,750 

1,830 

P 

1,420 

i 

1,070 

1,222 

1,375 

P 

856 

978 

1,100 

i 

713 

815 

917 

A 

611 

698 

786 

§ 

535 

61I 

688 

A 

475 

543 

611 

f 

428 

489 

550 

fi 

389 

444 

500 

i 

357 

407 

4 S 8 

CUTHNO LIQUIDS 


From 3 to 5 gallons of cutting liquid per minute should be sup- 
plied to each single point tool Some report that sulphurized oils 
are detrimental to carbide tools. On complicated machines such 
as automatics and gear cutters a rich emulsion, using only 10 parts 
of water instead of the usual 20 to 40 parts, is recommended. 



SECTION V 

GRINDING-WHEEL MARKINGS 

The desirability of a uniform system for marking grinding wheels 
has long been recognized. On several occasions such systems have 
been given actual trials in selected groups of consumer plants. The 
last attempt showed promise. After a year’s trial it was submitted 
and subsequently approved under American Standards Association 
procedure as an American Standard (B 5. 17-^1 943). Satisfactory 
reports from the limited number of plants in which it was tried 
proved premature, as in extending its use to other plants reactions 
were brought out indicating shortcomings. 

The committee of the Grinding Wheel Manufacturers Associa- 
tion is of the opinion that the principal reasons for the failure of 
the American Standard were that confusion existed because it was 
not made clear that wheels similarly marked, if made by different 
manufacturers, would not grind alike. 

However, the grinding wheel manufacturers are agreed that much 
good can be accomplished by use of a uniform system of markings, 
provided the limitations of the system are clearly understood. The 
standard, submitted herewith, is a standard of markings ow/y and 
not of grinding action. The most important revision was the 
adoption of an alphabetical marking system, for all bond types, to 
designate grade of hardness. Better provision was made for the 
wheel maker to incorporate into the marking such special symbols 
as might be required to properly qualify the basic symbols of the 
standard markings. 

Members of the Grinding Wheel Manufacturers Association have 
voted to adopt this system. The individual members will' start 
putting it into effect as soon as expedient, but months may be 
required to make the transition complete. During this period and 
perhaps for a considerable time thereafter, wheels may be marked 
with both the new standard and the wheel maker’s own marking. 
This is referred to in the standard as “dual marking.” It is 
intended that the Dual System will eventually be abandoned and 
that the new Standard Marking alone will be found to be adequate. 

This was submitted to all grinding wheel consumers as a Grinding 
Wheel Manufacturers Association standard, March 16, 1944. 

PTJKPOSE jyro SCOPE 

This standard applies to grinding wheels and other bonded 
abrasives: segments, bricks, sticks, hones, rubs, and other shapes, 
which are tools used to remove material, alter shape or size, produce 
a desired surface or accuracy of dimension, or a combination of 
these objectives. 
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The standard does not apply to diamond wheels nr f rv ■ i 

_ The Standard establishes a symbol for each of the ac,c a- 
femXlncl" arranges these symrok in 

ThT,i°s- "Kf armfSg actiof 

This desirable result cannot be accomplished because of theimr)n«i?’ 

bihty of correlating any measurable physical properties of bLaS 
abrasive products m terms of their grinding action 

Marldixgs.~Each marking will consist of six Dart, 
placed in the following sequence: P^rts, 

1. Abrasive type. 

2. Grain size. 

3. Grade. 

4* Structure. 

5- B Olid type. 

6. Manufacturer's record. 

^ I. A Abrasives naturally fall into two distinct rnoimc 
namely the aluminum oxide group and the silicon carbide^roun’ 
e er symbols are used to identify these two groups, as follows • 

A Aluminum oxide. 

C Silicon carbide. 

“ necessary to designate some particular type of these 

aSi.'fefpS"'’®”” “>■ “ •" —ffo" iS?d' 

Gmin size is indicated by a number. 

Xhe following list (from coarse to fine) includes all of nrrimo 
gram smes commonly used in the manutourrof 

10, 12, 14, 16, 20, 24, 30, 36, 46, 54, 

00, 70, 80, 90, 100, 120, 150, 180, 220 

"" occasionally used: 240, s8o, 

A tr. grade is indicated by a letter of the alohabet 

A to Z soft to hard, in all bonds or processes, alphabet, 

4. “Ofr^c/Mre.—Xhe use of a structure symbol is optional TfanH 
a simple ?umbTs?^Klut S^d.XmUrsftll tTSi 

foUowi^ettere^'^*^^'”^^® ^ designated by the 
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V Vitrified. 

S Silicate. 

E Shellac or elastic. 

R Rubber. 

B Resinoid (synthetic resins), 

O Oxychloride. 

6. Manufacturer's Manufacturer’s records are desig- 

nated by symbols. Each grinding wheel manufacturer is at liberty 
to use the sixth position for private factory records. 

Dual Marking. — Where the standard method of marking differs 
materially from the old form, it may be advisable to use both the 

STANDARD MARKING SYSTEM CHART 

S«qu«nce 12 s 4 5 6 

Abnudw Crafat Cn4* Structur* Bond Monutaetunir'* 

Tjfpo SIh Typo Kaconl 


51 - A -36 - L - 5 - V - 23 



(USEOPTlONAt) E-SHELUC 

0-.0XYCKL0Kt0E 
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ORADC SCAtE 

old and the new markings during the introductory period, and per- 
haps for a considerable time thereafter. This would enable the 
user to become accustomed to the conversion gradually. 

Where wheels are too small to permit the use of the complete 
marking, the grain and grade marking alone may be used on the 
wheel, or the marking on the wheel itself may be omitted entirely. 
Where this is done, the complete marking (including the dual mark- 
ing where necessary) shall be indicated on tags or labels accompany- 
ing each container. 

Wheel Manufacturer’s Name.— Because of the greater similarity 
in marking that will result in many cases from the use of this system, 
it is important that the user include in his records the name of the 
wheel maker as a part of the marking. 

ABRASIVE CUTTING 

Special Wheels . — Abrasive wheels for cutting should be made 
especially for their work. For dry cutting the Andrew G. Campbell 


X' 
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Division of the American Chain and Cable Company recomm. A 
a surface speed of 15,000 feet per minute as being twice as effp^r”'^ 
as a speed of 9,000 feet per minute. For wet cuttinEr 8 
per minute^ about the limit if coolant is to be retafned 
whee m suflicient quantities to be effective. Efficiency of ^ 
wheel drops much less with speed reduction than a dry wheel 
Use only wheels made especially for the type of cuSL ix 
machine for which they were designed. It is just as 

to design and make a wheel for a spec^ 
job as It IS to design and make a milling cutter. ^ 

Estiniates as to cutting time may be made on the basis of 

time per square inch of material up to sizes of 3 squ^e 
Larger sizes require somewhat more time. Wheel cosk 
can be estimated as from 0.003 to 0.005 cent per square inch un tn 
3 square inches and from that up to 0.007 cent per square inch on 
mSv ®?timates apply particularly toVe types of 

mactoe built by the American Chain and Cable Company ^ * 

Abrasive Saws or Cutting-Ofi Wheels.-Abrasive wheels used 
TO ®^'^®„^°'',‘="tbng metal or other rods or tubes are usually from 
10 to i8 inches in diameter. Some, made for slitting pen nibs aw 
only 0.005 tnoh thick. Regular thicfaiesses are -ig, J, and 5% inch 

GRINDING WHEELS 

Care of Grinding Wheels.— It should be remembered that 
d'-fwig are entirely difierent. A new wheel must be 
worn out^ 0“ Its spindle and should stay true unffl 

tb drmed as soon as the grains of abrasives in 
^e face of the wheel become dull. The diamond wheel dresser 
smfa,^!^^^ dulled grains and presents a new sharp cutting 

as before grinding, the machine should be 
rntpw!!* by runnmg it for 10 minutes or more. With a cold 
machine the oil :^s are not complete and the parts have not 
expanded to running temperature. ‘ 

__ When ’■truing a new wheel, or a badly worn wheel start the 
diamond ^^“mg at the center and work both ways until the face 

work nn ^ wom corner it throws too much 

diamond when it gets to the center 

SiterpoSlS “““ • “» "!«>■“<* 

bi diamond should meet the wheel at a slight angle For a 

Fof rSstoc^rtmovoi '’®'® d^mond acrol the fac^slLly. 
at 1 good ratei^ removal, move the diamond across the wheel face 

Use plenty of coolant while the diamond is in use Tt wPl 
prevent fractures in the diamond from overheating Reset the 
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Diamonds leave marks on the face of the wheels. These are 
often reproduced in grinding soft metal For a high finish on 
aluminum and magnesium, use a mechanical wheel dresser, 

Grindiiig.”"The rate of travel of the work past the wheel affects 
the finish. For rough grinding the work can travel nearly the 
width of the wheel face at each revolution. 

For ordinary finishing the travel of the work carriage should not 
exceed i inch for each revolution of the wheel. To secure the 
extra-fine mirror finish the work speed may have to be reduced as 
low as J inch for each revolution of the work. 

Variation in materials and general characteristics of the work 
prevent the laying down of any fixed rules as to work-carriage 
speeds. If the travels suggested do not give desired results, it 
will be necessary to experiment with variations in both directions. 

Work Speeds. — No hard -and fast rules for work speeds can be 
given. For average conditions the work speed will range from 60 
to 100 surface feet per minute. Some suggested variations follow. 


Work 
Speed, in 
Feet per 

Kind of Work Minute 

Unbalanced work, such as crankshafts 35 to 45 

Irregular shapes, such as camshafts 

Roughing. 30 

Finishing 15 

Aluminum, such as pistons. . 100 to 200 


Work speed can also be varied to secure different wheel effects. 
If the only wheel available is softer than desired, a slower work 
speed tends to give it the effect of being harder. A higher work 
speed gives a hard wheel the effect of being softer. 

High work speed and low traverse speed allow a greater depth 
of cut. 

Work speed is particularly important when formed wheels are 
used. This is because comparatively small variations in wheel 
diameter cause great variations in the speed of the different por- 
tions of the wheel. The best that can be done is to consider the 
wheel speed at the average diameter of the wheel and select the 
work speed accordingly. The foregoing suggestions are made by 
the Landis Tool Company. 

Wheels for Thread Grinding.— The growth of thread grinding 
makes the use of the best wheels an important item. According 
to A. Rosseau of the Norton Company, vitrified wheels should be 
used where the tolerances are close on either form or lead. This 
includes gages, lead screws, and precision taps. They should also 
be used for worms where several light cuts are taken and for internal 
thread grinding. 

Resinoid-bonded wheels are recommended for high-production 
jobs or where the work must be finished with the fewest possible 
cuts but where extreme accuracy is not required. 

Grit is controlled largely by the pitch of the thread to be ground. 
Table 4 shows the wheels suggested, based on the width of the root 
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of tile thre&dj whicii is the determinini? factor 'Tina a • i 

determine the grit To be selected ^TlPt 
and other hard steels seem to grind better with finor 
even where the threads are relativX coarse To™ ^ 
are advised on these hard steels and 4ere a fine^mkh i?"® 

Light feeds and high work sneed call for finer ™Portant. 

than heavy feeds aldlow w^tp" ^^ '^keeh 

and at times in a single pass with a work speld M i > to 
-nute. Screws of i8 pftch and finer ar^e ^oun^Vt 

to make a fine-grit wheel remove stock faster. ’ Safety Xst^ar®*”® 

—SSioS:* “ ■>' » gs™. »te 

___T^le I.— REPATroNS Hg OE Gmx Size to Root Width 


Root Width, in Inches 


Grit Size 


. Vitrified Wheels 

220 


i8o 


150 


120 


1 20 


100 


100 


90 



SECTION VI 


GEARING 

BEVEL GEARS 

A recent development in bevel gearing is the Zerol gear tootii 
of the Gleason Works. This is a curved tooth with no spiral angle. 
This gives the advantages of a continuous contact and avoids 
concentrated loads on the ends of the 
teeth in case of slight misalignment. This 
is shown in Fig. i. 

The Gleason Works have also developed 
the Formate gear tooth as a feature of the 
spiral-gear system. With the Formate 
tooth form only the cutter moves, the gear 
blank remaining stationary during the 
cutting of each tooth. The mating pinion 
or gear, however, is cut in a regular spiral- 
gear generating machine to match the 
Formate tooth. 

YiQ, I.— -Zerol tooth Machines are now available for grinding 
* form. teeth of spiral bevel gears after harden- 

ing. The generating method differs from 
that formerly used, combining a continuous rotation of the work 
spindle with a reciprocating motion of the cradle that carries the 
grinding wheel 

ANGLE OF WORM THREADS AXID HELICAL GEAR TEETH 

Terminology.-— Confusion sometimes arises from different inter- 
pretations of the term “thread angle.’’ This was formerly con- 
sidered as the angle between the thread and a line at a right angle 
to the axis of the worm. The present practice is to use the term 
“helix angle” for this measurement. 

By the old method the worm would be said to have a thread 
angle of 3 degrees, while present practice refers to it as having a 
helix angle of 87 degrees. ^ 

Confusion is also caused by the use of both, helical and spiral for 
gears with teeth not parallel with the axis. As the only spiral is 
a clock spring or scroll, the use of helical is correct. Those who 
still use the term “spiral” refer to the angle as a “spiral angle” 
and so cause some confusion because we use “heHx angle” for the 
same measurement. 

Helical gears usually have a helix angle of less than 45 degrees. 
Single-thread worms may have a helix angle as high as 8$ degrees. 

1425 
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Calculations are therefore frequently based on. . 

lie angle instead of using the large value of the 
t IS easier to Mein calculations. In this case we uL 
lead angle’’ instead of helix angle. This is used freauentW “ 
connection With, worm gears. ^ 

_ In screw-thread practice however, the helix angle is the 
between Ae thread and a line at right angles to the atis of 

n^tlT' , “ this case is the angle between the side? 

of lie thread. It is unfortunate that the same terms are not S 
for the same geometric values in both gear and thread practices ^ 

HOURGLASS WORMS 

The hourglass type of worm is a very old idea. It was nrobahlv 
first used in this country in the 1890’s by the Albro-Clem^m ElZ 


\*^6eor face 
gear face 


y Base ciAle dia.y 


WormO,Dv\ 

Max. hob 
rod. \v: 


90^end-^ I 
Begin relief-' 



'\6ear axis 


'Ab§ ^ 

sll 

axi7~\ 


\6ear face 
^ly angle 

^^^MaK.hQb rad 


'^sA^orm face angle T 
iWorm ihroab c/ia. 

\ worm face -J 
ThruA 
shoulder 

Fig. 2. — Cone worm and wheel. 


j ^"igear widihaidB. 
M i*’Beor mdlhafOCi, 


vator and was known as the ^^Hindley’’ worm. It was cut in 
a lathe by a tool, or tools, held in a cutter head that represented 
the worm wheel. The tool head revolved as the worm turned and 
cut the thread on tiie worm to match the contour of the worm wheel 
with which It was to run. In its first form, this type of worS^S 
considerab e controversy but made little headway. Wwhat 
simdaj methods were used by the Rock Island Arsenal in the Sy 

present hourglass worm, known as the “Cone,” is cut with 
rotating cutters m a special machine built by the Michigan Tool 
Company. The worm wheels are cut with hobs of the hourglass 

C’2 K c™* worm and gear is sLwf te 

recommended backlash and tolerances for center 
Tabte'^’ position, and worm end position, are shown in 
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Cone Gear Tolerances.— Cone gears are not more sensitive to 
misalignment than conventional worm gearing. Any center-dis- 
tance assembly errors affect the capacity and efficiency of Cone 
drive gears to the same extent that they affect conventional worm 
gearing. Since the gears of both types are throated, it is necessary 
to hold their side positions within reasonable limits. And since 
the Cone worm is also throated, it must similarly be held within 
the same reasonable limits as for the gears of either type. How- 
ever, Cone drives have the advantage that both worm and gear 
are regenerative and therefore tend to correct themselves if assem- 
bled in a misaligned position. 

Table i Recommended Backlash oe Cone Geaks 


Center 

Distance 

Standard 

Backlash 

Number of Teeth 
in Gear 

3.000 

0,003 to 0.005 

24 to 30 

4.000 

0 . 004 to 0 . 006 

25 to 31 

5.000 

0.005 to 0.007 

27 to 33 

6.000 

0.006 to 0.008 

28 to 35 

8.000 

0.008 to 0.010 

291037 

10.000 

0.010 to 0.015 

30 to 40 

12,000 

0,015 to 0,020 

32 to 45 

i3‘Soo 

0.015 to 0.020 

36 to 52 

15.000 

0.015 to 0.020 

40 to 55 

18.000 

0.020 to 0.025 

43 to 60 

20.000 

0.020 to 0.025 

45 to 66 

22.000 

0.025 to 0.030 

481070 


! Tolerances EOR Center Distance, Gear Side Position, and 
i Worm End Position 

I Center distances up to 6 inches. ......... -fo.ooi or —0.001 inch 

Center distances from 6 to 15 inches. .... -j-0.002 or —0.002 inch 

Center distances more than 15 inches.. . . . 4*0.003 or —0.003 i^^h 

The side position of the gear and end position of worm should 
be held to the same tolerances as for center distance. 

All Cone drives are cut on accurate adapters that are ground to 
I close limits. The blueprint dimension for center distance, side 
! position of gear, and end position of worm may therefore be 
! regarded as exactly correct. 

GEARS 

I Gear-Toothi Clearances.— Gear-tooth clearances in fine-pitch 
I gears are important if backlash in fine mechanisms is to be pre- 
I vented. The American Gear Manufacturers Association recom- 
I mends the following formula for gears having very fine teeth. The 
'I formulads'" . . ■ ■ ■ ■ 

I 0.200 inch , . T. 

Clearance = -TT — 7-^: 4- 0.002 inch. 

j diametral pitch 
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TMs makes fte desired clearance for a gear havins ao * , 

p,ia, Mdrf by 40 -o^oos. aW 

gear MEASTJREliIENT BY WIRES 

The H. L. Van Keuren Co. have prepared the follnwinn- + ai 
hv suitable measuring wires. These are based on ffrS® 

by Earl Buckingham and approved by the American Gear Mam 
^a'^turers Association. The tables were computed by Dr C m' 
Havill of Echpse Aviation Co. and are believed to be rnore accTiVa?' 
Aan any previously available. Wire sizes are given in S. I 
Tables^S, 4, 5, and 6 need no explanation. Tible 7 givi t 
vahes for some of the parts of Fellows stub teeth. ^ ® 

^ ISXAMPLES.-— An even-toothed external gear of 26 teeti, , 

. ^ 42 -degree pressure angle is measured with o la! 
Table 3 the measurement for i I) 
s 28.4315 inches. For 12 D.P. the measurement over the wires 

T ijj 20.4^51 VV 41 CS 

should be =. 2.3693 inches. If the actual measurement is 

2.3650 inches, the pitch diameter of the gear is 2.360^ “- 2 
= 0.0043 inch undersize. ^^-6093 2.3650 

An odd-toothed external gear of 35 teeth, 16 diametral Ditch 

inch diameter^ires 
placed in the gear, are not diametrically opposite by 
4 the measurement for i B.F is 
37-3802 inches. For 16 D.P. the measurement over the Wres 

should be 2.3363 inches. 

An odd-toothed internal gear of 51 teeth, 8 diametral oitch 
20-degree pressure angle is measured with 0.180 inch diameter 
^ f diametrically opposite 

by a l-tooth interval From Table 6 the measurement betwLn the 

Wires for i D.P. is 49.6409 inches. For 8 D.P. the measurem 
between the wires should be = 6.2051 inches. 

Allowance for Backlash 

The measurements over the wires given in the followino- 

theoretical standard size, or without backlash 

41,^ provide for permissible tolerances in the pitch dmmeter 
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Table 2.— Gear Wire Sizes 


D.P. 

Wire Diameter for 
External Gears 
^ 1.728 

^ “ D.P. 
in Inches 

Wire Diameter for 
Internal Gears 

^ d.pT 

in Inches 

2 

0.864 

0,720 

2 i 

0.6912 

0.576 

3 

0.576 

0 . 480 

4 

0.432 

0.360 

s. 

0 - 34 S 6 

0.288 

6 

o.'288 ■ 

0.240 

7 

0.24686 

0,20571 

8 

0.216 1 

0.180 

9 

0.192 

0.160 

10 

0.1728 

0.144 

II 

0.15709 

0.13091 

12 

0.144 

0.120 

14 

0.12343 

0.10286 

16 

0.108 

0.090 

18 

0.096 

0.080 

20 

0 . 0864 

0.072 

22 1 

0.07855 

0*06545 

, ' 24 1 

0.072 

0.060 

■ 28 '■ ' 1 

0.06171 

0.05143 

32 

0.054 

0.045 

36 

0.048 

0.040 

40 

0.0432 

0.036 

48 

0.036 

0.030 

64 

0.027 

0.0225 

72 

0.024 

0.020 

So 

0.0216 

0.018 


These gear-measuring wires are il inches long and are held within 2 $ mil- 
lionths of an inch for roundness and exact size. 

They are standardized at i pound pressure between flat measuring 
.contacts.' 

Note:— The Fellows stub tooth is expressed as a fractional D.P., such as f. 
The numerator 7 represents the D.P. that is used for figuriim the circular 
pitch and the pitch diameter, and the denominator 9 is the D.P. that is used 
to figure the addendum and the dedendum. A 7 D.P. gear wire should 
therefore be used for a 5 D.P. Fellows gear. 
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Table 3.— External Gears. Even Teeth 
Measurements over Wires for i D.P. External Spur Gears wi 
I 728 

Wires Indies in Diameter 

For Any Other Diametral Bitch, Divide Measurements Given 
the Tables by the Diametral Pitch 
.AU Measurements in Inches 


No. of 
Teeth 


I 2. 3445 
14-3578 
10.36S0 
18.3765 
20.3837 

22.3899 
24 •3953 
26 . 4000 
28.4040 

30.4074 


22.3940 

24.4004 

26.4060 

28.4110 

30.4154 


22.4000 

24.4036 

26.4067 

28.4094 

30.4118 


22.4287 

24.431s 

26.4339 

28,4359 

30.4376 


32.4139 

34,4157 

36.4173 

38.4187 

40.4200 


32,4193 

34.4228 

36.4259 

3*8,4287 

40.4313 


32 . 4391 
34.4404 
36.4416 
38 . 4427 
40.4437 

42.4446 
44-4454 
46.4462 
48 . 4469 
SO. 4476 

52,4482 

54.4487 

56 . 4492 

58.4497 

60.4501 

62, 4506 
64.4510 
66.4514 

68.4517 

70.4520 


42.4337 

44.4359 

46.4380 
48.4400 
SO. 4419 


42 .4212 
44.4223 
46.4233 
48 . 4243 
50.4252 

52.4261 

54.4269 

56.4277 

58.4284 

60.4291 

62 .4297 
64.4303 

66.4309 

68.4314 

70.4319 


52.4298 
54.4310 
56. 4320 

58.4329 

60.4337 

62.434s 

64.4353 

66.4361 

68.4369 

70.4377 

72.4384 

74.4391 

76.4397 

78.4403 

80.4409 

82.4414 

84.4419 

86.4424 
88. 4429 

90.4434 


52.4779 

54.4804 

56.4827 

58 . 4848 

60.4867 

62,488s 

64.4902 

66.49x8 

68.4933 

70.4948 

72,4963 

74.4977 

76.4990 

78.5002 

80.5014 

82.5026 

84.5037 

86 . 5047 
88.5057 
90 . 5067 


52.4437 

54.4454 

56.4470 

58.4485 

60.4499 

62,4512 

64.4524 

66.4535 
68 . 4545 

70.4554 

72.4562 

74-4570 

76.4577 

78.4584 

80.4591 

82.4598 

84.4604 

86.4610 

88.4616 

90.4622 


72.4324 

74-4328 

76.4332 

78.433s 

80.4338 

82.4341 

84.4344 

86.4347 

88.4350 

90.4353 


72.4523 

74.4526 

76.4529 

78.4532 

80.4534 

82.4536 

84.4538 

86.4540 

88.4542 

90.4544 
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Table 3. — External Gears, Even Teeth.— 


' No. of 
Teeth 

I4i Degrees 

17 ^ Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

5)0 

92.5076 

92 . 4628 

92.4438 

92.4356 

92.4546 

92 

94.5085 

94.4634 

94.4442 

94.4359 

94.4548 

94 

96.5094 

96.4640 

96.4446 

96.4362 

96.4550 

96 

98.5102 

98 . 4646 

98 , 4450 

98.4364 

98.4552 

98 

100.5110 

100.4652 

100.4454 

100.4366 

I 00 . 4 SS 4 

100 

102.5118 

102.4657 

102 . 4457 

102.4368 

X 02 . 4 SS 5 

102 

104.5126 

104.4662 

104.4460 

104.4370 

104.4557 

104 

106.S134 

106.4667 

106 . 4463 

106.4372 

106.4558 

106 

108.5142 

108 . 4672 

108 . 4466 

108.4374 

108.4560 

108 

110.5149 

110.4677 

110.4469 

110.4376 

110.4561 

no 

112.5156 

112.4681 

II 2. 4471 

112.4378 

112.4562 

112 

114.5162 

114.468s 

114.4474 

114.4380 

114.4563 

114 

116.5167 

116.4689 

116.4477 

116.4382 

116.4564 

116 

118.SI72 

118,4693 

118.4480 

118.4384 

118.4565 

118 

120.S177 

120.4697 

120.4483 

120. 4386 

120 , 4566 

120 

122.5182 

122. 4701 

122.4486 

122.4388 

122,4567 

122 

124.5187 

124.470s 

12 A. 4489 

124.4390 

124.4569 

124 

126.5192 

126,4708 

126.4492 

126.4391 

126.4571 

126 

128.5197 

128.4711 

128.4494 

128.4392 

128.4572 

128 

130.5202 

130.4714 

130.4496 

130.4393 

1 130.4574 

130 

132.5207 

132.4717 

132.4498 

132.4394 

132.4575 

132 ! 

134.5212 

134. 47 20 1 

134.4500 

134.4395 

134.4577 

134 

130.5217 

136.47231 

136.4502 

136.4396 

136.3578 

136 

138.5222 

138.4726 

138.4504 

138.4397 

138.4580 

138 

140.5226 

140.4729 

140.4506 

140.4398 

140.4581 

140 

142.5230 

142.4732 

142.4508 

142.4399 

142,4582 

142 

144.5234 

144.4734 

144.4510 

144 . 4400 

144.4582 

144 

146.5238 

146.4736 

146.4512 

146.4401 

140.4582 

146 

148.5242 

148.4738 

148.4514 

148.4402 

148.4583 

148 

150.5246 

150.4740 

150.4516 

150.4403 

150.4583 

ISO 

152.5250 

152.4742 

152.4518 

152.4404 

152.4583 

IS 2 

154.5254 

154.4744 

154.4520 

154.4405 

154.4583 

XS 4 

156.5258 

156.4746 

156.4522 

156.4406 

156.4584 

IS6 

158.5262 

158.4748 

158.4524 

158.4407 

158.4584 

158 

160.5265 

160.4750 

160.4525 

160.4408 

160.4584 

160 

162.5268 

162.4752 

162.4526 

162.4409 

' 162.4584 

162 

164.5271 

164.4754 

164.4527 

164.4410 

' 164.4584 

164 

160.5274 

166.4750 

• 166.4528 

166.4411 

166,4584 

166 

168,5277 

168.4758 

i 168,4529 

' 168.4412 

: 168.4584 

168 

170.5280 

t 170.4760 

' 170.4530 

> 170.4413 

1 170.458s 

170 

172.5283 

; 172.4762 

' 172.4531 

172. 4414 

t 172.458s 

180 

182.5298 

> 182.4772 

! 182.4536 

182.4419 

) 182.4588 

190 

192.S31C 

) 192.478c 

► 192.4541 

192.4425 

1 192.4591 

200 

202.5323 

: 202.478<; 

► 202.4545 

; 202.4426 

) 202.4593 

300 

302.5395 

5 302.483c 

V 302.457= 

; 302.4443 

t 302.4606 

400 

402 . 543 ^ 

I. 402 . 48 s.i 

1. 402.4595 

; 402.4453 

; 402.4613 

500 

502 . 544 ^ 

|. 502.4868 

1 502.4605 

; S 02 . 44 SJ 

i 502.4619 

, eo 

(iV+ 2 ).S 4 S 4 

[ (N 4-2) .488c 

» (iV+2).46ic 

; (IV +2). 446? 

ii( 2 V+ 2).4629 


Above 170 teeth, where the gear to be nieasured is not included in the 
table, use the number of teeth jjlus 2 for the figure to the left of the decimal 
point, and for the figure to the right of the decimal point interpolate between 
the table values. Example.-— T he measurement over wires for a i D.P., 
240-tooth, 14^-degree gear would be 

242.5321 X 0.0074 » 242.53506. 


J 
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Table 4.— External Gears. Odd Teeth 

Measurements over Wires for i B.P. External Spur Gears witli 

Wires Inches in Diameter 

For Any Other Diametral Pitch, Divide Measurements Given in 
the Tables by the Diametral Pitch 
All Measurements in Inches 




I4i Degrees 

I7| Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

6.9933 

7.0036 

7-0153 

7.0472 

7.0891 

9.1121 

9.1173 

9. 1260 

9.1536 

9.1928 

11.1827 

11.184s 

1 1. 190s 

11.3142 

11.2510 

13.2317 

13,2290 

13.2332 

13.2536 

13.2880 

15.2677 

15.2600 

15,2660 

15.2826 

15.3143 

17.2957 

17.2849 

17.2870 

17.3031 

17.3334 

19.3181 

19.3053 

19,3046 

19.3181 

19.3483 

21.336s 

21.3222 

21.3194 

21.3299 

21.3603 

23.3521 

23.3364 

23.3318 

23.3402 

23 . 3700 

25.3656 

25.3484 

25.3423 

25.3492 

25.3779 

27.3773 

27.3586 

27.3512 

27.3570 

27.3844 

29.3875 

29.3673 

29.3586 

29.3637 

29.3899 

31.396s 

31.3748 

31.3653 

31.3695 

31.3947 

33.4046 

33.3814 

33.3709 

33.3746 

33-3990 

33.4119 

35.3873 

35.3758 

35.3791 

35.4029 

37.4185 

37.3926 

37.3802 

37.3831 

37.4064 

39.4245 

39.3974 

39.3843 

39.3867 

39.409s 

41.4299 

41.4017 

41.3881 

41.3899 

41.4122 

43.4348 

43.4056 

43.3916 

43.3928 

43.4146 

45.4394 

45.4091 

45.3948 

45-3954 

45.4107 

47.4437 

47.4123 

47.3977 

47.3977 

47.4186 

49.4477 

49.4153 

49.4004, 

49.3997 

49.4203 

SX.4S14 

51.4181 

51.4029; 

SI.401S 

SI. 4218 

S 3 . 4548 

53.4207 

53.4052 

53.4031 

53.4242 

55.4579 

55.4231 

55. 4074 

55.4045 

55.4255 

57 . 4608 

57.42541 

57.4094 

57.4058 

57.4268 

59-46361 

59.4276 

59 . 4112 

59.4070 

59.4280 

61.4663 

61.4297 

61.4129 

61.4082 

61.4292 

63.4689 

63.4317 

63.414s 

63.4094 

63.4304 

65.4714 

65.4336 

65.4160 

65.4105 

65.4315 

67 . 4737 

67.4355 

67.4174 

67.411s 

67.4323 

69.4758 

69.4373 

69.4188 

69.4125 

69.4334 

71.4778 

71.4391 

71.4201 

71.4135! 

71.4343 

73.4797 

73.4408 

73.4213 

73.4144 

73-4351 

75.481s 

75.4424 

75.4224 

75.4153 

75.4358 

77.4832 

77.4439 

77.4234 

77.4162 

77.436s 

79.4848 

79.4453 

.79.4243 

79.4171 

79.4371 

81.4803 

81.4466 

81.4252 

81.4180 

81.4377 

83.4877 

83.4478 

83.4261 

83.4188 

83.4383 

85.4891 

85.4489 

85.4270 

85.4196 

85.4389 

87-4905 

87.4499 

87.4279 

87.4203 

87.439s 

89.4919 

89.4509 

89.4288 

89 . 4209 

89 . 4400 

91.4932 

91.4519 

91.4296 

91.4215 

91.4405 


w 
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Table 5.— Inteenal Gears. Even Teeth 

Measurements between Wires for I D.P. Internal Spur Gears witli 

Wires Indies in Diameter 


JU/.J. . ■ ■ ■ 

For Any Otber Diametral Fitch, Divide Meaprements Given in 
the Tables by the Diametral Fitch 
All Measurements in Inches 


No. of 
Teeth 

14^ Degrees 

1 7| Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

6 

4.8173 

4.7312 

4.6595 

4.5206 

4.3933 

8 

6,8270 

6.7354 

6 . 6609 

0.5208 

6.3950 

10 

8.8337 

8.7380 

8.6617 

8.5209 

8-3966 

12 

10,8389 

10.7402 

10.6623 

10.5210 

10.3973 

14 

12.8433 

12.741S 

12.6627 

12.5210 

12.3978 

16 

14,8470 

14.7424 

14.6630 

14.5210 

14.3982 

18 

16.8501 

16.7432 

16.6633 

16.5210 

16. 398s 

20 

18.8528 

18,7439 

18.663s 

18.5210 

18,3987 

22 

20.8551 

20.7446 

20.6636 

20.5211 

20.3980 

24 

22,8570 

22.7453 

22.6638 

22.5211 

22.3991 

26 

24.8586 

24.7459 

24.6639 

24.5211 

24.3992 

28 

26,8600 

26.7464 

26.6640 

26.5211 

26.3993 

30 

28.8613 

28 . 7469 

28.6641 

28.5211 

28.399.V 

32 

30.8624 

1 30.7474 

30 . 6642 

30. 5211 

30.3995 

34 

32.8634 

32.7478 

32 , 6642 

32.5211 

32 . 399 ‘: 

36 

34.8642 

34.7481 

34.6643 

34-5211 

34-3996 

38 

36.8650 

36 . 7484 

36.6643 

36.5211 

36.3996 

40 

38.8657 

38.7487 

38.6644 

38 . 52111 

38.3997 

42 

40 , 8664' 

40.7490 

40 . 6644 

40.5211 

40.3997 

44 

42.8670 

42.7493 

42.6645 

42.5212 

42.3998 

46 

44.86761 

44*7495 

44-5645 

44,5212 

44-3998 

48 

46.8682 

46.7497 

46.6646 

46.5212 

46 . 3999 

SO 

48.8687 

48.7499 

48.6646 

48.52x2 

48.3999 

52 

50 , 8692 

SO.7501 

SO . 6646 

50.5212 

SO . 3999 

54 

52.8696 

52,7502 

52.6647 

52,5212 

52.4000 

56 

54-8700 

54.7503 

54.6647 

54.5212 

54. 4000 

58 

56.8704 

50.7504 

SO . 6648 

50.5212 

50.4001 

60 

58.8707 

58,7505 

58.6648 

58.5212 

58.4001 

62 

60.8711 

60.7506 

60.6648 

60,5212 

60.4001 

64 

62.8714 

62.7507 

62 6648 

62,52x2 

62.4001 

66 

64.8717 

64.7508 

64.6649 

64.52x2 

64.4002 

68 

66.8720 

66.7509 

66 . 6649 

60.5212 

66.4002 

70 

68.8723 

68.7510 

68 6649 

68.52x2 

68.4002 

72 

70.8726 

70.7511 

70.6649 

70.52x2 

70.4002 

74 

72.8729 

72.7512 

72.6649 

72.5212 

72.4002 

76 

74.8731 

74-7513 

74.6649 

74-5212 

74-4002 

78 

76.8733 

76.7513 

76.6649 

76.5212 

76.4002 

80 

78.873s 

78.7514 

78.6649 

78.52x2 

78.4002 

82 

80.8737 

80.7514 

80 . 6649 

80.5213 

80.4002 

Sa 

82.8735 

1 82.7515 

82.6649 

82.5213 

82.4002 

86 

84.8741 

84.7515 

84.6650 

84.5213 

84,4003 

88 

80.8742 

I 86.7516 

• 86.6650 

' 86.52x3 

86.4003 
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Table S-— Internal Gears. Even T'ES.rB^— Continued 


No. of 
Teeth 

14I Degrees 

I7| Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

*^””90 

88 . 8744 

88.7516 

88.6650 

88.5213 

88.4003 

92 

90.874b 

90.7516 

90.6650 

90.5213 

90,4003 

94 

92.8747 

92.7517 

92.6650 

92.5213 

92 . 4003 

06 

94.8749 

94-7517 

94.6650 

94-5213 

94.4003 

98 

96.8750 

96.7518 

[ 96.6650 

96.5213 

96.4003 

xoo 

98.8752 

98.7518 

98.6650 

98.5213 

98.4003 

102 

100.8753 

100.7518 

100.6650 

•100.5213 

100.4003 

104 

102.8755 

102.7518 

102.6650 

102.5213 

102.4003 

100 

104.8756 

104.7519 

104.6650 

104.5213 

104.4003 

108 

106.8758 

106.7519 

106 . 6650 

106.5213 

106 . 4003 

1 10 

108.8759 

108.7519 

108.6651 

108.5213 

108.4004 

:■ 1 12 

110.8760 

110.7519 

110.6651 

110.5213 

no. 4004 

1 14 

112.8761 

112. 7519 

112.6651 

112.5213 

112.4004 

1 16 

114.8762 

i if 4 . 7 Si 9 

114.6651 

114.5213 

1 114.4004 

118 

116.8763 

116.7520 

116.6651 

116,5213 

116.4004 

120 

118.8764 

118.7520 

118.6651 

118.5213 

118,4004 

122 

120.876s 

120.7520I 

120.6651 

120.5213 

120.4004 

124 

122.8766 

122.7520 

122.6651 

122.5213 

122.4004 

126 

124.8767 

124.7520 

124.6651 

124.5213 

124.4004 

128 

126.8767 

126. 7S20i 

126.6651 

126.5213 

126.4004 

139 

128.8768 

128.7520 

128.6652 

128.5213 

128.4004 

132 

130.8769 

130.7521 

130.6652 

130.5213 

130.4004 

134 

132.8770 

132.7521 

132,6652 

132.5213 

132.4004 

130 

134.8771 

134-7521 

134.6652 

134.5213 

134-4004 

138 

136.8772 

136.7521 

136.6652 

136.5213 

136.4004 

140 

138.8773 

138.7521 

138.6652 

138.5214! 

138.4004 

142 

140.8773 

140. 7521 

140.6652 

140. 5214 

140.4004 

144 

142.8774 

142.7521 

142.6652 

142.5214 

142.4004 

146 

144.8774 

144.7521 

144.6652 

144.5214 

144.4004 

148 ’ 

146.8775 

146.7521 

140.6652 

146.5214 

146.4004 

ISO 

148.877s 

148.7521 

148.6652 

148,5214 

148.4005 

152 

150.8776 

150.7521 

150.6652 

150.5214 

150,4005 

IS 4 

IS2.8776 

152.7521 

152. 6652 

152. 5214 

152. 4005 

156 

154.8777 

154-7521 

154,6652 

154.5214 

154-4005 

IS8 

156.8778 

150.7521 

156.6652 

156.5214 

156.4005 

160 

158.8778 

158.7521 

158.6652 

158.5214 

158.4005 

162 

160.8779 

160.7521 

160.6652 

160.5214 

160 . 4005 

164 

162.8779 

162.7521 

162.6652 

162.5214 

162 . 400S 

166 

164. 8780 

164.7521 

164.6652 

164,5214 

164.400s 

168 

160.8780 

166.7521 

166.6652 

166.5214 

166.4005 

170 

168.8781 

168.7521 

168.6652 

168.5214 

168.4005 

180 

178.8783 

178.7522 

178.6653 

178.5214 

178.400s 

190 

188.878s 

188.7523 

188.6653 

188,5214 

188.400s 

200 

198.8787 

198.7523 

198.6653 

198,5214 

198 . 400s 

300 

298.879s 

298.7525 

298 . 6654 

298,5214 

298 . 400s 

400 

398.8803 

398.7527 

398.6654 

398.521s 

398.4006 

Soo 

498.8810 

498.7528 

498.665s 

498.521s 

498.4006 


(iV-2).8820 

(iV- 2 ). 7 S 32 

( 2 V- 2 ). 66 S 7 

(iV— 2),S2I6 

(2^-2). 4007 


Above 170 teeth, where the ^ear to be measured is not included in the 
table, use the number of teeth minus 2 for the figure to the left of the decimal 
point and for the figure to the right of the decimal point interpolate between 
table values. Example. — The measurement between wires for a i D.P., 
380-tooth, 14^-degree gear would be 


378.879s X 0.0008 =» 378.88014. 


I 
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Table 6.-“Inteiinal Gears. Odd Teeth 

Measurements between Wires for i D.P. Internal Spur Gears with 

Wires Incbes in Diameter 

For Any Other Diametral Pitch, Divide Measurements Given in 
the Tables by the Diametral Pitch 
All Measurements in Inches 

Tekli Degrees ni Degrees 20 Degrees 25 Degrees 30 Degrees 

s ' 3. SSI 7 3.4752 3. '4090 3 •2778 iTis^ 

7 5.6394 S.SS37 S.4823 S.3462 S.2232 

p 7.6894 7.5976 7.5231 7.3847 7.2618 

II 9'72I9 9.6256 9-5490 9.4086 9.2866 

13 11.7449 11.6454 11.5670 11.426s 11.3040 

IS 13.7620 13.6590 13.5801 13.4390 13.3167 

17 15.7752 15.6692 15.5901 15.4486 15.3266 

19 17.7857 17.6780 17.5980 17,4562 17.334s 

21 19.7944 19.6854 19.6046 19.4624 19.3410 

23 21.8018 21.6917 21.6099 21.4676 21.3467 

25 23.8080 23.6970 23.6x44 23.4719 23.3513 

27 25.8133 25.7014 25.6182 25.4756 25.3351 

29 27.8177 27.7050 27.6213 27.4788 27.3582 

31 29,8216 29.7080 29.6240 29.481s 29,3607 

33 31*8251 31.7106 31.6264 31.4841 31.3628 

35 33.8283 33.7128 33.6286 33.4863 33.364s 

37 35.8312 35.7147 35.6306 35.4882 35.3661 

39 37.8338 37.7164 37.632s 37.4898 37.3677 

41 39.8361 39.7180 39.6343 39.4912 39.3692 

43 41.8382 41.7195 41.6360 41.4925 41.3706 

45 43.8401 43.7209 43.6375 43.4937 43.3719 

47 45.8418 43.7222 45.6388 45.4948 45.3732 

49 47.8434 47.7234 47.6399 47.4958 47.374s 

SI 49.8449 49.724s 49.6409 49.4968 49-3757 

S3 51.8463 51.7256 51.6418 51.4978 SI. 3768 

55 53.8476 53.7267 53.6426 53.4987 53.3778 

57 SS.8488 55.7278 55.6433 55. 4995 55-3787 

59 57.8499 57.7288 57.6440 57.5003 57.3796 

61 59.8509 59-7297 59.6447 59-5010 S9.3804 

63 61.8519 61.7305 61.6454 61.5016 61.3811 

6s 63.8528 63.7312 63.6461 63.5022 63 .’3817 

67 65.8536 65.7319 65.6467 65.5028 65.3822 

69 67.8544 67.7326 67.6472 67.5033 67.3827 

71 69.8551 69.7333 69.6477 69.5037 69.3832 

73 71.8558 71.7339 71.6481 71.5041 71.3836 

75 73.8564 73.7344 73.648s 73.5045 73.3840 

77 75.8570 75-7349 75.6489 75*5049 75-3843 

79 77.8576 77.7354 77.6493 77*5053 77.3846 

81 79.8582 79.7359 79.6497 79-5057 79.3849 

'83 81.8587 81.7364 81.6501 81.5061 81.3852 

8S 83.8593 83.7368 83.6505 83.5065 83.3855 

87 85.8598 85.7372 85.6508 85.5069 85.3858 

89 87.8603 87.737s 87.6511 87.5072 87.3861 

91 89.8608 89.7378 89.6514 89.5075 89.3864 

93 9i.8bi3 91.7381 91.6517 91.5078 91.3867 
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Table 6.— Internal Gears. Odd Teeth.-— 


No. of 
Teeth 

14I Degrees 

17I Degrees 

20 Degrees 

25 Degrees 

30 Degrees 

95' 

^ 93,8618 

93 . 7384 

93.6520 

93.5081 

93.3870 

97 

95.8623 

95.7387 

95.6523 

95.5084 

95-3873 

99 

97 .8628 

97.7390 

97.6526 

97.5087 

97.3876 

10 1 

99.8632 

99.7393 

99.6529 

99.5090 

99.3879 

103 

101.8636 

101.7395 

101.6532 

101.S093 

101.3882 

lOS 

103-8639 

103.7397 

103.6534 

103.5096 

103.3885 

107 

105.8642 

105.7399 

105.6537 

105.5098 

105.3888 

109 

107.8645 

107 .7401 

107.6539 

107.5100 

107.3891 

III 

109. S648 

109.7403 

109,6542 

109.5102 

109.3894 

113 

111.8651 

HI. 740s 

III, 6544 

I I I. 5 104 

111.3897 

, IIS 

113.8653 

113.7407 

113.6547 

113.5106 

1 13. 3900 

I17 

115.8656 

115.7409 

115.6549 

115.5108 

115.3903 

119 

117.8659 

117.7411 

117.6550 

117.SIIO 

I 17. 3905 

' 121 

119.8662 

119.7413 

119.6552 

119,5112 

119.3907 

123 , 

121.8664 

121.7415 

121,6553 

i:2i.sii3 

12 1.3909 

I2S 

123.8667 

' 123,7417 

123.6SSS 

123. 5114 

123. 3911 

127 

125.8669 

125.7419 

125.6556 

125.5115 

125.3913 

129 

127 ■ 8671 

127 .7421 

127.6558 

127.5116 

I27.39IS 

13 T 

129.8674 

129,7423 

129.6559 

129.5117 

1 129.3916 

:i33,' ■ 

131.8676 

131.7425 

131.6561 

131.51x8 

131.3917 

135 

133.8678 

133-7427 

133.6562 

133.S119 

133.3918 

137 

1 135.8680 

135.7429 

135.6564 

135.5120 

135.3919 

139 

137.8682 

137. 7431 

137.6566 

137.S121 

137.3920 

I4I 

139.8684 

139.7433 

139.6568 

139.5122 

139.3921 

143 

141.8686 

141.743s 

141.6569 

, 141.5123 

141.3922 

14s 

143.8688 

143.7436 

143.6571 

143.5124 

143.3923 

147 

145.S690 

145.7437 

. 145.6573 

145.5125 

145.3924 

149 

147.8692 

147.7438 

147.6574 

147.5126 

147-3925 

ISX 

149.8694 

149.7439 

149.6576 

149.5127 

149.3926 

,, . ,153;,' „ 

.151. 8696 

IS I. 7440 

151.6577 

151.5128 

ISI.3927 

ISS 

153.8698 

I S3. 7441 

153.6578 

153.5129 

153.3928 

IS7 

155.8700 

,155.7442 

155.6578 

155.5130 

155.3929 

■ 159,' ■ 

157.8702 

; 157.7443^ 

157.6579 

157.5131 

157.3930 

161 

159.8704 

159.7444 

159.6580 

159.5132 

159. 3931 

163 

161.8706 

161.744s 

161.6581 

161.5133 

161.3931 

I6S 

163.8708 

163.7446 

163.6582 

163.5133 

163.3932 

167 

165.8710 

165.7447 

165.6582 

165.5133 

165.3932 

169 

167.8712 

167.7448 

167.6583 

167.5133 

167.3933 

I7X 

169.8713 

169.7449 

169.6584 

169.5133 

‘169.3933 

181 

179.8722 

179.7453 

179.6587 

179.5135 

179.3935 

191 

189.8730 

189.7456 

189.65S9 

189.5137 

189.3937 

201 

199.8737 

199.7458 

199.6591 

199. s 139 

199.3939 

301 

299,874s 

299.74^6 

299.6603 

299.5163 

299 . 3962 

401 

399.8753 

399.7473 

399.6615 

399.5186 

399.3984 

SOI 

499.8760 

499.7476 

499.6626 

499.5212 

499 . 4006 

■ ,00 ,. 

(N — 2) . 8820 

f W- 2). 753 2 

1 (N - 2) . 66s7l(N“ 2) .5216 

1 (2V‘~2) .4007 


Above 171 teeth, where the gear to be measured is not included in the 
table, use the number of teeth minus 2 for the figure to the left of the decimal 
point and for the figure to the right of the decimal point , interpolate between 
table values. Example. — The measurement between wires for i D.P., 
337-tooth, I4i-degree gear would be 

335.8745 + jK 0.0008 * 33S.8748t 


I 

I 
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large gear, and the pinion is made to standard size. This reduces 
undercutting of the teeth on the pinion. 

The following table shows the amount R that the wire measure- 
ment should be reduced in order to provide for a desired back- 
iash B.L, "■ 


Pressure Angle 
of Gears in 
Degrees 

Equal Backlash 
Taken on Each 
Gear 

All of Backlash 
Taken on One 
Gear 

Amount Teeth 
Are Cut Too 
ThinCO 
Approximately 

14I 

R = 2 

X B.L. 

iZ = 4 

XB.L. 

II 

17I 

R = 1.66 X B.L. 

R - 3.33 X B.L. 

^ = JL 

3-33 

20 

R = 1.46 X BX. 

R = 2.92 X B.L. 

« = A- 

2.92 

25 

R = 1. 18 X B.L. 

R - 2.36 X B.L. 

t 

1 2-36 

30 

R - I 

X B.L. 

R = 2 

X B.L. 

11 


Example.- — A total backlash of 0,016 inch is desired between two 
mating gears of i4i-degree pressure angle, and o.ooS inch will be 
taken on each gear. Then the wire measurements for each gear 
should be 2 X 0.016 = 0.032 inch less than the values determined 
from the gear tables. If all the 0.016 inch backlash is taken on one 
the wire measurement should be 4 X 0.016 = 0.064 inch less 
the value obtained from the tables. 

In cutting the gear, the extra depth of cut in order to provide the 
desired backlash should be J of the reduction R in the measure- 
ment over the wires. 


be measured with wires in the same 
involute gears. The numerator 
determine the diameter of the 


Interpolation for Special Pressure Angles 


100.8728 


Where gears of unusual pressure angles, such as 27 degrees, are 
to be measured, the measurement over the wires can be secured 
from the proper table by interpolation. For example, the measure- 
ment over the wires for a i D.P, external gear, 48 teeth, and 
271-degree pressure angle would be the average between the 
pressure-angle values from Table 3, or 
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Module Gears 

, , _ Pitch diameter in millimeters 

Number of teeth 

Wire diameter, in mm. ^ = 1.728 X module 

Measurement over wires, in mm. ~ Table value X module 


Table 7.— Table oe Tooth Parts 
Fellows 2o-Degree Stto Gears 


Di- 

ame- 

tral 

Pitcii 

Circular 

Pitch 

3.1416 

Thick- 
ness of 
Tooth 
at Pitch 
Diameter 

1,5708 

Addendum 

I 

Clear- 
i ance 

Deden- 
; dum 
(Adden- 
dum 
Plus 
Clear- 
ance) 

Whole 
Depth 
to Be 
Cut, 
Spurs, 
Spirals 

D.P, 

D.P. 

Denominator D.P. 

i 

1.0472 

0.5236 

0.2500 

0.0625 

0.3125 

0.5625 

1 

0.7845 

0.3927 

0. 2000 

0.0500 

0.2500 

0.4500 

f 

0.6283 

0.3142 

0.1429 

0-0357 

0.1786 

0-3215 

1 

0.5236 

0. 2618 

0.1250 

0.0312 

1 0.1562 

0.2812 

1 

0 . 44^^ 

0. 2244 

O.IIII 

0.0278 

0. 1389 

0. 2500 


0.3927 

0. 1964 

0. 1000 

0.0250 

0. 1250 

0. 2250 

A 

0.3491 

0.1745 

0.0909 

0.0227 

0.1136 

0.2045 

H 

0.3142; 

0,1571 

0.0833 

0.0208 

0. 1042 

0.1875 

if 

0. 26181 

0.1309 

0.0714 

0.0179 

0.0893 

0.1607 

a 

\ 

0. 2417 

0.1208 

0,0625 

0.0156 

0.0781 

0.1406 

a. 

0. 2244 

0.1122 

0.0556 

0.015 

0.0706 

0. 1262 

if 

0.1964 

0.0982 

0.0476 

0.015 

0.0626 

0. 1102 

ii 

0.174s 

0.0S73 

0.0417 

0.015 

0.0567 

0.0984 

M 

0.1571 

0.0785 

0.0385 

0.015 

0.0535 

0.0920 

II 

0. 1428 

0.0714 

0.0345 

0.015 

0.0495 

0.0840 

fl 

0.1309 

0.0654 

0.0312 

0.015 

0.0462 

0. 0775 


Elliptoid Gear Teeth.— The elliptoid gear tooth was designed by 
the National Broach and Machine Company to overcome the 



Fig. 3,— Elliptoid tooth form. 

bearing of gear teeth on the ends of the teeth. The form of tooth 
is shown, greatly exaggerated, in Fig, 3. The actual variation 
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is less than o.ooos inch but .iv . 
to be sufficient to prevent end bearing and thp nm'oA 

1 “e said to^d“ elSe adnquateT^” 

re^Tdless of slight variations in alignment. ^ j^earing 

ing This permits the amount of the “crown” to be rem.ktil 

S'oi'ifSS? ““ ™ 5 

Table ya. Gear Tooth Parts 

TrAll __ J .1 . . 


20- Degree 
Stub Tooth 
Modules 


8 to 6 
7i to 6 
7 i to 5i 
7 i to s| 

5 to si 
6f to 5i 
Ol to s 
6i to 4| 

6 to 4I 
Sf to 41 
5 h to 4 
Sl to 4 
5 to 3| 

tnot 

4i to sl 
4 ' to 3 
3l to 2| 
3t to 2I 
31 to 2| 

3 to 2I 
2ito 2 
2i to 2 
2| to If 
2 to 1 1 
if to 1 1 
if to 
l| to I 
I to I 


0.4947 

0.4793 
0.4638 
o . 4484 
0.4329 
0.4174 

0.4019 
0,386s 
0.3710 
0.3556 
0.3401 
0.3247 
0,3092 
0 . 2938 
0.2783 
0.2628 
0.2473 

0.2319 

0.2164 

0,2010 

0.185s 

0.1700 

0.1546 

O.I39I 

0.1236 
0. 1082 
0.0927 

0.0773 

0.0618 I 


0.2362 

0.2362 

0.2264 

0.2264 

0,2067 

0.2067 

0.1969 

0.1870 

0.1772 

0.1772 

0.IS7S 

O.I57S 

0.1476 

0.1378 

0.1279 

0.1279 

O.I181 

0, 1082 

0,0984 

0.0984 

0.088s 

0.0787 

0.0787 

0.0689 

0.0689 

O.OS91 

0.0492 

0.0394 

0 . 029 s 


- ^ ..... 



Whole 

m Dedendun 

1 Depth of 
Tooth 

0.2952 

0.5314 

0.2952 

0.5314 

0.2830 

0 .S 094 

0 . 2830 

0 . 5094 

0.2584 

0.4651 

0.2584 

0.4651 

0,2461 

0.4430 

0.2338 

0,4208 

0.2215 

0.3987 

0.22IS 

0.3987 

0.1969 

0.3544 

0.1969 

0.3544 

0 . 184 s 

' 0.3321 

0.1722 

0,3100 

0.1599 

0.2878 

0.1599 

0.2878 

0.1476 

0.2657 

0.1352 

0 . 2434 

0.1230 

0.2214 

0. 1230 

0.2214 

0.1106 

0.1991 

0.0984 

0.1771 

0.0984 

0.1771 

0.0861 

o.isso 

0.0861 

0*1550 

0.0741 

0.1332 

0 . 0642 

0.1134 

0.0544 

0,0938 

0.0374 

0 . 0669 


1 . 0628 
1.0628 

1. 0188 

1 .0188 
0.9302 
0.9302 
0.8860 
0.8416 

0.7974 
0.7974 
0.7088 
0,7088 
0.6642 
b . 6200 
0.5756 
0.5756 

0.5314 
0.4868 
0. 4428 
0.4428 
0.3982 
0.3542 
0.3542 
0.3100 
0.3100 
0.2664 
0.2268 
0. 1876 
0.1338 





SECTION VII 


forging; FORMING, PUNCHING, AND 
WELDING IN AIRCRAFT WORK 

LOW-COST DIES 

The aircraft industry has developed several types of low cost 
die for punching and forming sheet metal. These are very useful 
where only small quantities are required. 

Continental Dies.— -Continental dies were developed by the 
aircraft industry for use where the quantity required does not 
warrant regular dies. Cold-rolled steel, casehardened, will punch 
from 100 to 150 pieces of aluminum sheet. The punch is usually 
attached to a guide plate, but if only a few pieces are needed it can 
be laid on the sheet directly over the die opening. 

Magnetic Dies.— -Magnetic dies are another development of the 
aircraft industry. The backing plates of both punch and die 
(which may be of any desired material) are made of magnetic 
metal and are held in position by magnets in both the ram and the 
bed of the press. 

THE GUERIN FORMING PROCESS 

The Guerin process for cutting and forming sheet materials is 
used in various aircraft plants under license from Douglas Aircraft 
Company as a simple method of blanking and forming many classes 
of airplane parts without the usual types of press tools. The work 
is handled in big hydraulic presses. 

In place of conventional mating dies as commonly applied in 
power presses for stamping, drawing, etc., this process employs 
a single die only, a low-cost unit, and a fiat thick pad of resilient 
material which adapts itself to a die of any form. By pressing a 
sheet of metal between the die and the resilient pad, it is possible 
to cut and form it to almost any desired shape. Deep drawing of 
complicated parts may be done by this process through the use of 
progressive operations. 

It is stated that 25 sets of parts, or less, will ordinarily warrant 
tooling for this process. Tooling methods are simple and corre- 
spondingly inexpensive. The cutting blocks are usually i^-inch- 
thick templets of the parts required. Form blocks need not be 
of ruetal unless hot forming or strictly high production is required, 
for either Masonite or Pregwood is satisfactory and may be made 
with inexpensive woodworking equipment. Metal blocks, when 
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necessary, can be cut with the torch from steel nr oa« 4 
aluminum or magnesium alloy plate or fabricated 

Due to tte unrform pressure applied by the resilient nVrl i 
Astortion IS ehmmated and cold-working of thrm^«U? 

so produced have^Mror“fdis 
S,i=^ The resilient pad also Drotert. 

there is no possibility of scfatcS rt® 
metal m handling through this process. Possibility 5 corrl'^® 
IS reduced by avoiding such scratches on the work surface. 

SQUARE FORMING OF METAL stampings 

Allowances. — ^In forming ears and other riVbt nnt»u « * 
stampings, the harder the material the greater amount 
back” wi l be found in the work. ThisTas ?U?ofeet bv Sin"® 
ances in the press tools. The allowances shown here are^r^"’*' 
inencfed by Walter Kassebohm. One-quarter hard co!d-rn?r"li 
steel has approximately i to 2 degrees spring back- one-half harH 
approamately 3 to 4 degrees; hlrd steels Lve in 

si' 4i?iSris?„!:rEi.r “““ «»■ >»s 

p,^ s«,l E-fe 

downstroke of the press, the part is held between the punch anA 
pad of the die and is formed up, as shown in Fig 2 Tb^ ^ 
thus ob mned are deformations of the metal whkh ire^trelrf^n® 
tte Dun?h a the formed-up condition rfte? 

Which depencfa^rLthlr^ctosS^^ 

part IS roade and on the radius R in the corner of the bend Tf 

FfS If i^Lu^b"""‘^“ the forrdivas muSed'at^r 

taSSsS'”" ““ aeWs wsai ^SE,ss 

spS'LS%rrfem X ^ compensation for ’ 

^hlSrtf 

as fte overbend, the part will have an exart oidlgrefforin 

SIS 

B sciie hw'Sesr ’ approximately 70 to 75 Rockwell 
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Overbend^ 

spring back } 




fLocafmg 
pi lobs 

''Backing block 


1 Die shoe I 

i ^ ^ 

Spring or rubber 
pressure pad or 
air cushion 

Pad form dies- 


Undercub of punch 





Punch 




Spnng back in formed work. 



Pinching corner 


^ A unrh ^ 


Two types of punches. 

Lopped or stoned 
radius T 




Other methods. 

Figs. i-io. — Square forming of metal stampings. 







1444 AMERICAN MACHINISTS’ HANDBOOK 

^ method of getting square-formed Dai-te 

The bottom of the punch is ground and possesses a slightly ^iyW 
surface in the comer, wMch gives the metal a greater “LttmB-’ 
during the forming, therefore destroying elasticity of the mefii 
and consequent spring back. Since with this method the struc 
certain desired strength qualities this 
m^hod should be ehmmated as much as possible. > s 

U Beads.— The method of forming a square corner D bend 
shown in Fig. 7 and is practically the same as in Fig. 4, using^an 
undercut punch. Another U bend method is shown in FirslnA 
triir®^^ angle being found by 

very important in the making of a good working form die 
that the corner over which the part is formed be highly polSied 
Figure 9jhows_the radius, which should be lapped or stoned to a 
very highly pohshed surface, thus allowing the part to be formed 

?i5 “5°'' The polishing of the radius should 

be done in the direction of the bend and nJt in the lengtS 

fw in'" U form, it is important 

ftat the radii on both form blocks be the same. A small ra&n 
one form block and a large r'adms on the other form block would 
part, as well as on the punch, allowing 
variations and inaccuracies in the form. ^ 

on^a form pad of a form die by 
pilots, and if the pad has an angular surface for a compensating 
forming operation, the pilot should be located at a vertical (oo- 
degree) position to this ‘surface, as shown in Fig. lo. Any appre- 
ciable tilting of the pilot caused by regrinding of the angular surface 
should be corrected by regrinding or reestablishing tfe pilot hole 

The best forms, without breakage or cracks in the corner are 

“C” temnJ^ 3 (sometimes ckfed 

which bends 150 degrees 
across gi’ain, or at a sharp angle of 90 degrees “with” the 

^ain, _without showing any marks of failure. Gne-half hard or 

stock, will allow a sharp bend “across” the grain but 
^^with” the grain only a bend with a large ralus canT made 
without showing signs of failure. Hard, or No, f temper stock 
h Any forS ng’of this 

SOFT-METAL PtmCHES AND DIES 

soft-metal punches and dies was developed in aircraft 
small quantities of sheet-metal paS DiS of 

T$A!.“’‘=;s£r£isr.':,“d‘ 
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2c:o°F. R Cerro de Pasco Copper Company. 

Cerrobase melts at 2Ss”F. and Cerroben at i^S^F. TMs is used 
to fill small tubes for bending. It melts in boiling water. 

Punches of lead with from 6 to lo per cent of antimony are still 
used, but where the work is severe Kirksite is also used for the 
punch. Its life is from three to five times that of lead. 

FOR 0 MG ALUMINUM ALLOYS 

The increased use of aluminum alloy forgings in warplane con- 
struction makes the following suggestions by the Douglas Aircraft 
Company of particular value. The formula is made to estimate 
the size of steam hammer necessary to make forgings of different 
sizes. It includes the actual area of the forging itself at the parting 
line, and the area of the smallest rectangle that will completely 
enclose the cross section of the piece to be forged, at the parting 
line. The two areas are multiplied together. The size of steam 
hammer necessary to forge parts with these areas multiplied 
together is given below. 


When the Actual Area Times the 
Rectangular Enclosing Area 
IN Square Inches Is 
Up to 150 
150 to 700 
700 to 13,000 

13.000 to 40,000 

40.000 to 113,000 

113,000 to 240,000 
Over 240,000 


The Work. Requires This 
Size of Hammer 
2,000-pound board 

2.000- pound steam 

3.000- pound steam 

6.000- pound steam 

18.000- pound steam 

25.000- pound steam 

35.000- pound steam 


If the part has a large amount of thin web or has corners and 
edge radii much below the usual sharpness, the next larger size 
hammer may be required. 

Time for Changing Die Sets.-— One large airplane builder has 
fixed time allowance for setup and teardown of drop-hammer 
die sets as follows: For die sets weighing less than 1,000 pounds, 
19 minutes; from 1,000 to 4,000 pounds, 24 minutes; for dies over 

4,000 pounds, 32 minutes. 

Aluminum Materials Formed by Drop Hammers,— The common 
alloys used in drop-hammer forming are: 3SO, sSJH, 24SO, 24SO 
Alclad, 52SO, and S2S|H. Where certain parts are to be thickened 
(or shrunk) 3SO is better than 3S5H. When extreme stretch and 
thickening are needed, use 2SO. 

Alclad (aluminum alloy with a coating of pure aluminum) works 
well, the aluminum coating acting as a lubricant. Hard stock, 
such as 24ST and 24ST Alclad, is rarely used in drop-hammer 
drawing. 

Work-Hardening. — Such alloys as 2SO and 3SO work-harden 
very little. But 24SO, S2SO, and 52S§H work-harden rapidly. 
Quick annealing by dipping in lead at 640 to 6 sq°F, gives a uniform 
“draw’’ of the work. 
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For^g Temperatures.— Maximum temperaturpc t 

drop forging aluminum alloys are as foUows: '•'’“P^'^atures for 


Degrees 

Fahrenheit 


-degrees 

Fahrenheit 


* These may be heated to 880 or ooo®P when fnTtT(»rl in « «« ’ — ■ 

ting machine. r y o r . wnen lorged. in a press or an upset- 

prej:f rTquire SttCs'r 

foundations for drop hammers tofo/ the weighf of tS 
WELDING 

Tube Welding for Maximum Strength.— The A O simitt, r 
pany has developed a method of arc ^welding Tubular S’^siSfor' 


Forging 


120,000 Lb. per Sq. In 


IZQOOO Lb. per Sq. In. 


Fd should be wifhin"'''^ 5 

a few ihouandfhs 

■ ^ ' 

Fig. II. — Welded joints. 

member as at T fF^ ,rTi ^ ^ S° over the mating 

Similar results are obta^-n.’^ K ^® “®*®* weld^ 
tubes with frLrben^a the upset ends of the 

of the various parts of the mating partathitLf IProportions 
Atomic Hydrogen Weldimr a frf ^ w results, 

cedure in which the aintl^tmfdrs w. “ t*"® P™’ 

»«. u« tt. „ s;5S“7tt?,“e 
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Tabi-e 1 .—Dimensions for High-Strength Weeded J oints 



A 1 

B 

c 

D 


i 

A 

60° 

f 

i' to A 


A 

60 

f 

i to A 

i 

■ ••'A 

60 

f 

: A. 

' ' '' -A '■ 

A 

60 

1 

A 

1 

A 

40 

1 

■fs 

r ■■■: 

I 

40 

i 

A 

,1 ' . 

■""..■I:, 

30 

i 

A 

3 

? ' 

, ^ 

20 

I 

i 

, I 

■ A" ' 1 

20 

^ I; 

■ , 1 

■■■■ . iJ 

■ ' ,7 

16 

' '.IS ■ 

I 

i 

, I.i 

7 

IF j 

■ ■ . ,'15 

I 

■■ i 


Heliarc Welding.— Pleliarc welding is a method developed by 
the Northrop Aircraft Company for welding magnesium. It uses 
a tungsten electrode for drawing the arc with the casting that is 
being welded and utilizes a welding rod held in the hand. The arc 
is direct current. The electrode is enclosed in a tube through 
which pure helium gas is blown to surround the arc and exclude 
. 'the air.\' 

I WIDTH OF KERF IN FLAME CUTTING 

Thickness of metal affects the width of kerf in cutting with 
oxyacetylene torch. Beginning with a minimum kerf of inch 
for l-inch plate, the usual kerf increases slowly to J inch for a 1 2-inch 
; depth of cut. Roughly, it increases about ^ inch for each inch of 
plate thickness. The speed of cutting decreases more slowly. 
! Taking 20 inches per minute as the cutting speed for i-inch plate, 
2-inch plate can be cut at about 10 inches per minute, 6 -mch plate 
at half this rate, and a fairly regular decrease up to plates of 12 
inches in thickness.^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

TUMBLING WORK 

Recent Practice. — Proper tumbling has many intricate problems 
because there are so many variables involved. These include the 
results desired; the materials to be tumbled, their size and shape; 
the abrasives and other materials used; the shape and speed of 
the tumbling barrels; the length of time and whether to use w 6 t 
or dry tumbling. 
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pT.£l7Si-|„; f S 

on tumbling different materials valuable information 

i F^FF^o,. ^ P®S®’ ^ °f articlfs beinfturnh?? 

kerosene-soake ™^wdust q wtf keroseM^ to® 

hardwood sawdust) in a small ba^el ‘ 'coarse 

Sardr^anb’^l^eSreT^^^^^^ ald°|lSl 

materials. y oi lumDiing parts of various sizes and 

^ ZYGLO METHOD OP DETECTING CRACKS 

cracKn?’lterS'^^aanIt1r‘^"^®'°P^ °f detecting 

The work is dipped in’a snerial ™°'^,“°““’agnetic, known as Zyilf 
sprayed on theTorr irenSerf 

material. Dry parts ar^^ nln rZf remove surface 

powder. ^ When examined undi' a ^“bkckTiit ” ^ 

powder becomes fluorescent whLever^it L! ^ ^ ® Penetrant 
cavity, and shows defects very plS jy^ ^ or 


SECTION VIII 


INSPECTION 

GAGES 

Tolerances of Gages.— Interchangeable manufacture must 
allow for the gage maker’s variations as well as for the wear of the 
gages. The chart shows the wear allowances and the gage maker’s 
tolerances approved by the United States Ordnance department. 
For component tolerances not given the next smaller tolerance 
should be used. Column i shows the total tolerance of the product, 
column 2 the wear allowance on the ^‘go” gage, column 3 the 
tolerance on the “go” gage, and column 4 the tolerance on the 
“not go” gage. There is no wear allowance on the “not go” 
gage because it wears toward the “go” gage and in the direction 
of safety. 

Glass Gages.— Shortage of gage steel led to the substitution of 
glass at the Frankford Arsenal, and the results have been favorable. 
Among the gages made were plain “go” and “not go” gages, plain 
double-end gages, ring gages both “go” and “not go,” combination 
ring and snap gages, profile and position gages, chamfer gages, and 
certain types of flush-pin gages. 

Two groups of these gages are shown in Figs. 1-6. Glass 
plug gages have the front or entering end beveled at 30 degrees to 
prevent chipping. 

Lt. CoL J. A. Stone, Executive Officer at the Frankford Arsenal, 
cites the following advantages of glass gages: 

1. In the production of glass gages there is a saving of tool steel. 

2. Glass gages afford visibility in inspection, 

3. Extended use of glass gages will release for other production 
machine-hours and man-hours now consumed in annealing, machin- 
ing, heat-treating, and eliminating distortion of steel gages. 

4. Glass gages are not subject to corrosion. 

5. Since glass gages do not rust, greasings and degreasings neces- 
sary for steel gages during shipment and storage are eliminated. 

6. Because thermal conductivity of glass is less than steel, body 
heat of inspectors will not be transmitted so rapidly to the gage 
to affect gaging dimensions. 

7. Scratches and slight chipping on glass neither burr glass 
gages nor change their gaging functions. 

8. Where the part being inspected is very near the size of the 
gage, there is less tendency for it to seize or gall on glass than on 
steel. 

9. Sense of feel is more pronounced when using a glass gage, 
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j. l ec/^es 

\\ face 0/7 s/ee/ 

30^ chamfer 

Fig. I.— Glass ring gages. 


j,. l^.^L875'R 

'^OOC/ frame 

11 Ccemeni fo gage) 

.r^TH 

Fig. 2 . — Glass contour gage. 




e^Grindl 

'fe.AlOm'^ 


,,. 07/0, 

M ter.^'Sc/no' 




Fig. 3'“~"Fuse-nose gages. 

/" /•* ' 

/6/ogxJO^ '-^QZSJPU. 
chamfer^ 1 

Fig. 4— Glass snap and hole gage 
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10. The use of glass wiU teacE inspectors to handle gages care- 
fully. ' 

11. Glass appears to have better abrasion-resisting qualities 
than steel for gaging applications. 

12. When a steel gage is dropped it may spring or deform, and its 
gaging functions may thereby be impaired. A glass gage either 
breaks or it remains dimensionally unchanged. 



It is interesting to note that surface plates are now being made 
from glass, marble, and granite, instead of only from cast iron as 
formerly. 

Gage makersHolerances are given in Table I. 



LATHE TOLERANCES 

Inspection is such a vital part of war materiel that we give 
the latest data regarding gages for Ordnance Department work 
and the American Standards Association standard inspection for 
engine lathes. These were adopted in May, 1941 . The latter is of 
special value in view of the large number of lathes that will require 
reconditioning after the war to fit them for peacetime work. 





Recommended standards ^ 



y[aximum reading Maximum reading Maximum reading 
along length of bed, along length of bed, along length of bed, 
0.0005 in 48 in. 0.00075 in 48 in. 0.001 in 48 in. 
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•Accuracy of engine lathes. 




Fig. I.— Accuracy of engine lathes.— 



Recommended standards 
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-Accuracy of engine lathes. — Continued, 







-Accuracy of engine la.th.es.— Continued. 


Recommended standards 






-Accuracy of engine lathes —ConUnmd. 


Lo+he musf turn round with 
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hxdraulic systems on machine tools 

Increasing use of hydraulics for power and feeds of machine tools 
makes it necessary to know the factors that affect operation. 
According to John Sasso, oils should be checked for viscosity, 
stability, pour point, flash point, corrosive tendencies, emulsifica- 
tion, and foaming. 

Testing Oils. — Viscosity is a measure of the internal friction^- 
with too high a viscosity, excessive fluid friction causes heating, 
loss of power, and sluggish action. Stability is ability of the oil 
to resist decomposition over a period of time. Such decomposition 
results in gummy deposits on valves and moving parts, causing 
sticking and jerky operation. Pour point indicates the oil behavior 
at low temperatures, at which it becomes viscous enough to cause 
trouble. Flash point is the measure of the fire risk; in an open 
system the temperature at which the oil gives off inflammable 
vapors in an important consideration. 

When an oil is easily emulsified, the frothy mixture that results 
is compressible; this will cause errors in amount of ram and valve 
motion. Emulsification increases if certain compounds of sulphur, 
soaps, fatty oils, and organic acids are present. If the oil level is 
low, the foam may cause oil to be lost by ‘‘bubbling over,” uncover- 
ing pump suction and allowing air to enter the system. 

Faulty lubrication caused by thin oil is usually shown by inability 
of the system to develop and hold desired pressures, overheating 
of the pump, or a reduction in power output. Noisy operation 
and lack of positiveness in the drive indicate lack of oil and presence 
of air or gasified oil mixtures. 

Recommendations, — Only highly refined oils entirely free ^ of 
abrasive or contaminating foreign matter should be used. High 
demulsibility, or water-separation ability, is not always essential, 
unless the system is subject to water leakage. On the other hand, 
low oxidizing and low carbon residue-forming tendencies are impor- 
tant characteristics. 

Manufacturers’ viscosity recommendations usually range from 
140 to 1,200 seconds Saybolt at ioo°F,, depending on the make of 
pump. High pumping pressures and operating temperatures will 
call for heavier oils, the range depending upon the type of system. 
Oilgear recommends an oil of approximately 320 seconds Saybolt 
universal viscosity at ioo®F. for general service, and lighter oils 
of 140 viscosity where temperatures between 30 and 4S‘’F. prevail. 
Hele-Shaw suggest oil of approximately 1,000 seconds Saybolt at 
ioo°F. for maximum-pressure operations or high temperature. 
The Waterbury hydraulic system requires an oil of medium vis- 
cosity, about 320 seconds Saybolt at ioo®F. 
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Table 2.“HY»RAtJLic-SYSTEM Dieficult^^ and Remedies 


Machine 

Characteristics 


Oil too light Use heavier oil to re- 

duce leakage in 
pump, motor, cylin- 
der, etc. 

Poor demulsibility. Use oil with proper 
high surface tension demulsibility 
of oil — ^Oil has ab- 
sorbed moisture 

Viscosity too high Use viscosity specified 
by manufacturer when 
sluggish at tempera- 
ture, especially on 
^ ^ use low- 

pour-point oils 

Too high in acidity, Specify acid-free min- 
oil may be com- eral oil, neutraliza- 

pounded of harmful tion number of o.io 

ingredients maximum for com- 

^ than I 

per cent 

High oxidation, oil Check operating tem- 
not properly refined perature. Do not ex- 

ceed 140 to i6o°I\ 
for best results. If 
temperature is satis- 
factory change to 
stable high index oil 
Oil too light and/or Tighten all connec- 
viscosity index too tions and check clear- 

low; also loose con- ances. If leakage is 

nections or excessive still excessive, use 

clearances heavier or higher in- 

dex oil 

Oil viscosity too high, Use higher index or 
causing excessive lighter oil. Use oil 
pressure drop in in- of lower pour point, 
take line, or intake Check pump intake 
line too small, creat- size and install larger 
ing excessive oil ve- line if necessary 
locities 


Slows down on tem- 
perature rise 


Erratic action, 
foaming or aera- 
tion of oil 


Sluggish 


Corrosion of hy- 
draulic system 
parts 


Sticking valves (hy- 
draulic) 


Pump noisy 


The data in Table 2 are an extension of the table appearing on 
pag® 559 oi the “American Machinists’ Handbook.” The sizes 
given are now in use, having been developed during the war. 


T 


SECTION IX 

METAL-CUTTING SAWS 

HACK AND BAND SAWS 

The experience of different makers and different users of metal- 
cutting saws does not always agree. New conditions of operation 
and new mixtures of metals have their effect on recommended 
practice. The following data are recommendations from a well- 
known maker of saws for metal, Henry Disston & Sons, Inc. 

POWER-HACK-SAW BLADES 


Table i. — To Obtain Greater Eeeiciency and Make Hack-Saw 
Blades Last Longer 


Failure 

Cause 

Correction 

Pulling out 
at pinhole 

Blade drawn too tight 

Reduce tension on blade. 
Allow just enough to 
hold it straight and pre- 
vent twisting 

Blade twisting in cut 


Feed too heavy 

Reduce; see Table 2 


Speed too great 

Reduce to recommended 
speed 

Premature 

wear 

Incorrect tooth spacing 

Use number of teeth 
recommended for mate- 
rial 


insufficient feed 

Increase feed as recom- 
mended 


Dry cutting 

Use coolant 

Stripping 

Tooth spacing too coarse 

Use number of teeth 
recommended for mate- 
rial 

teeth 

Teeth too fine for material 


* 
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Table i.— To Obtain Greater Eteiciency and Make Hack-Saw 
Blades Last LoNGER.—”Ci?w/w2^fi^^: 


Failure 

Cause 

Correction 


Worn frame 

Check mf». chine for wear 


Frame out of line with 
vise 

and adjustment 


Blade loose in frame 

Adjust 

Crooked 

cuts 

Stock not tight in vise 

Inspect clamps and 
tighten 


Feed too heavy 

Reduce; see Table 2 


Worn-out blade 

Install new blade ^ 


Hard spot in material 

Start new cut. May re- 
quire new blade 


Insufficient tension 

Make adjustment 

Blades 

Tooth spacing too coarse 

Use number of teeth 
recommended for mate- 
rial 

breaking 

Feed too heavy 

Reduce; see Table 2 


New blade in unfinished 
cut 

Start new cut 


Side strain on blade 

Worn out. Change blade 


Table 2. —Recommendations tor Cutting Srecific Materials 
WITH Hack-Saw Blades 


Material 


Number 
of Teeth 
per Inch 


Strokes per 
Minute 


Peed, in 
Pounds 


Aluminum . , 
Brass, cast: 
Soft, 


Hard, . , . . , . . . , 
Cast iron. . ... . . . 

Copper. . ........ 

Tool Steel, ....... 

Cold-rolled steel. 
High-speed steel. 
Machine steel. . , , 

Iron pipe 

Structural steel. . 
Tubing: 

Steel 

Brass 


60 
60 
120 
120 
120 
150 
120 
150 
1 20 
120 


6 to 10 
6 to 10 
6 to 10 
6 to 10 
4 to 6 to 10 
4 to 6 . 

6 to 10 
4 to 6 
10 to 14 
6 to 10 
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flexbble-back metal band saws 


Table 3.— To Obtain Greater Efficiency and Make Flexible- 
Back Metal Band Saws Last Longer 


Failure 

Cause 

Correction 

Stripping 

teeth 

Tooth spacing too coarse 

Use recommended spacing 

Starting cut at extremely 
thin section of material 
or on a corner 

Start cut where several 
teeth will contact mate- 
rial at same time 


Speed too fast 

Reduce; see Table 5 

Premature 
wear and 

Rubbing in guides 

Adjust so that teeth 
project beyond guides- — 
also so that teeth pro- 
ject over edge of wheels 

loss of set 

Riding on wheels 


Twisting in the cut 

If irregular cutting, use 
proper width saw for 
radius 


Misalignment of guides 

Adjust so that top and 
bottom guides are in 
alignment 

Breaking 

Guides set too far apart, 
allow band to twist 

Always adjust guides as 
close as possible to piece 
being cut 

Insufficient tension 

Adjust tension to approx- 
imately 300 pounds per 
inch of saw width 


Allowing band to remain 
in tension when not in 
use 

Remove saw from ma- 
chine or release tension. 
Where extreme differ- 
ences of temperature 
occur, this practice will 
prevent breakage 


Misalignment of guides 

Adjustment should be 
made 


Spacing of guides 

Set as close as possible 

Gutting out 
of line 

Set worn on one side due 
to contact with wheels 
or guides 

Adjust so that teeth 
project beyond guides — 
also so that teeth pro- 
ject over edge of wheels 


Feed too heavy 

Reduce feed or use coarser 
tooth saw 
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Tabie 4.-— Recommended Band-Saw Widths 


Width of Band Saw, 
Inch 


Radius to 
Be Cut, Inches 
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Table 5.'— Recommenbations FOR Cutting Specific Materials 
WITH Hard-Edge Flexible-Back Metal-Cutting Band 
. Saws ' . 


Material 


Aluminum; 

Solids. . . . 

Sheets. 

Aluminum alloys: 

Solids....... — 

Irregular shapes 

Asbestos sheets. 

Babbitt. 

Bakelite . 

Brass castings: 

Soft 

Hard 

Brass sheets and tubing — 
Bronze: 

Bars 

Castin^rs. 

Mouldings. 

Cast iron. 

Catalin. , . ............... 

Copper. 

Copper — nickel. 

Everbright. ......... . . . . . 

Everdur 

Fiber 

Formica 

Hose — canvas and rubber. . 

Hose' — metallic . 

Inconel. 

Iron bars. 

Iron sheets (under ^-inch) 

Metal wood. 

Mica. 

Micarta. ................. 

Monel metal 

Nickel silver. .... . . . 

Pipe — , . 

Radiator core. 

Rubber — ^hard. 

Slate : 

Steel: 

Chromium 

Cold-rolled . 

Drill rod . . . . 

Heat-resistant 

High-speed 

Machinery. 

Manganese. 

Nickel........... 

Structural. 

Tool................... 

Tubing . ... ...... , . 

Textolite ........... 

Transite.'. ", 


Number 
of Teeth 
per Inch 


Speed of Blade, 
in Feet per 
Minute 


8 

to 

10 

800 

to : 

2500 

8 

to 

10 

1000 

to; 

3000 

8 

to 

10 

100 

to 

ISO 

12 

to 

14 

200 

to 

300 

8 

to 

12 

ISO 

to 

200 

10 

to 

14 

1000 

to 

1500 

8 

to 

10 

800 

to 

1000 

10 

to 

14 

700 

to 

ISOO 

10 

to 

14 

200 

to 

SOO * 

14 

to 

18 

700 

to 

ISOO 

10 

to 

14 

ISO 

to 

3 S 0 

10 

to 

X 4 ■; 

300 

to 

800 

14 

to 

18 1 

500 

to 

1000 

12 

to 

14 1 

100 

to 

125 

12 

to 

14. . 

700 

to 

800 

8 

to 

12 : 

SOO 

to 

1000 

12 

to 

14 i 

70 

to 

90 

10 

to 

12 ; 

ISO 

to 

350 

10 

to 

12 i 

ISO 

to 

350 

8 

to 

10 

300 

to 

500 

8 

8 


300 

to 

500 

to 

10 

SOO 

to 

1000 

18 

to 

24 i 

250 

to 

SOO 

10 

to 

12 

70 

to 

90 

12 

to 

X 4 ! 

100 

to 

125 

14 

to 

18 

100 

to 

2 S 0 

12 

to 

14 

300 

to 

750 

10 

to 

12 

300 

to 

600 


8 


300 

to 

SOO 

10 

to 

12 

xoo 

to 

ISO 

18 

to 

24 

100 

to 

ISO 

14 

to 

18 

100 

to 

200 

18 

to 

24 

ISO 

to 

400 

10 

to 

14 

ISO 

to 

200 

IQ 

to 

14 

100 

to 

ISO 

12 

to 

14 

90 

to 

125 

10 

to 

12 

100 

to 

125 


14 


100 

to 

125 

12 

to 

14 

90 

to 

125 

12 

to 

14 

90 

to 

I 2 S 

10 

to 

14 

100 

to 

I 2 S 

10 

to 

12 

90 

to 

100 

10 

to 

14 

90 

to 

I 2 S 

10 

to 

14 

90 

to 

I 2 S 

12 

to 

14 

100 

to 

I 2 S 

14 

to 

18 

100 

to 

ISO 


8 


300 

to 

SOO 

8 

to 

12 

100 

to 

200 
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hand HACK-SAW BLADES 

Table 6. To (^tain Greater Epeiciency and Make ■FT4»m 
Hack-Saw Blades Last Longer nd 


Correction 


Pulling out 
at pin hole 


Stripping 

teeth 


Blade too tight 

Blade twisting in cut 



Tooth spacing too coarse 


Reduce tension. Allow 
just enough to hold 
blade straight and pre- 
vent twisting 

Use number of teeth 
recommended for mate- 
rial 


Blades 

breaking 


Insufficient tension Make adjustment 
Tooth spacing too coarse Use number of 


New blade in unfinished 
cut 

Side strain on blade 


Use number of teeth 
recommended 

Start new cut 


Premature 

wear 


Twisting blade 
Pressure on back stroke 

Insufficient pressure 


Do not bend frame side- 
ways 

Use firm straight stroke 

Lift slightly on back 
stroke 

Cut slowly with pressure 
on forward stroke 


r.’ 
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Number ■ 
OF Teeth 
PER Inch 


Table 7.— Recommendations 

Kind AND Type of Material 


14 


For materials equivalent to i-inch round or more- 
aluminum, brass, bronze, cast iron, copper, cold-rolled 
steel, structural steel, rails, etc. 


18 


For materials J to i inch in diameter. Also tool steels, 
drill rod, cold-rolled steel and medium-weight structural 
shapes 


24 


For materials i to J inch in thickness. Also pipe and 
tubing, BX cable, heavy sheet metal, moldings, etc. 


32 


For materials less than i inch in thickness. Also tubing, 
BX cable, sheet metal, moldings, etc. 

Note; It is suggested that blades of the flexible type be used where the 
operator is required to assume an awkward position, such as on a ladder. 
T&is situation often confronts electricians, plumbers, and garage mechanics. 


High-Speed Band Saws.— Bell Aircraft Company runs band 
saws for metal at 12,000 feet per minute — 8,000 feet per minute 
for wood. They are carbon-steel blades and cut any metal up to 
armor plate, also glass. They are really hot saws, according to 
Arthur A, Schwartz, chief tool research engineer. The teeth 
heat the work, and the oxygen carried in between the teeth burns 
the metal, as with torch cutting. 

On thick metal it is necessary to feed oxygen into the cut, the same 
as with torch cutting. 
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mCTIOH DISKS AIO) HO 

Table S.— To Obtain Greater EEriciENCY anb Mare Hot 
Saws Last Longer 


INCORRECT 


CORRECT 


Data regarding hot saws, band saws and files are from Henry Disston & 
Sons, Inc. 


Failure Cause 

Correction 

Insufficient speed 

Should run at 22,000 to 25,000 
feet per minute rim speed 

Improper water- 
Cracking supply 

Cooling waters should be applied 
at point where rim of saw leaves 
cut. Pressure should be at least 
90 to 1 50 pounds— preferably 
300 pounds 

Slipping on spindle 

Tighten arbor nut 

Insufficient speed 

Should be 22,000 to 25,000 feet 
per minute 

Lack of feed power 

Picking up 
or loading 

Supply sufficient power to force 
saw through material as fast as 
possible 

Ol LCwLIX 

Improper water 
supply 

Apply as recommended to keep 
blade as cool as possible. Also, 
prevent water from touching 
hot work 
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Table 9. —To Obtain Greater Efficiency and Longer Life 
FROM Friction Disks 


' Failure 

Cause 

Correction 


Insufficient speed 

Should run at 22,000 to 25,000 
feet per minute rim speed 

Cracking 

Improper water 
supply 

Cooling water should be applied 
at point where rim of saw leaves 
cut. Pressure should be at 
least 90 to 150 pounds— prefer- 
ably 300 pound 


Slipping on spindle 

Tighten arbor nut 


Insufficient speed 

Should be 22,000 to 25,000 feet 
per minute 

Picking up 
or loading 
of hobbed' 
or 

nicked rim 

Lack of feed power 

Have sufficient power to force 
saw through material as fast as 
possible 

Improper water 
supply 

Apply as recommended to keep 
blade cool and allow material 
to heat to a red color. Prevent 
water from reaching the work 
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CmCHLAR AND BAND SAWS FOR PLASTICSi 

Tabu; iq. Narrow Band Saws poe Cuttihg PLAsnrs 


Correction 

Replace the worn ruTS;-S;;ir~~- 


Cracks in 
gullets 


I 'Teeth set too deep, al- Adjust set 
lowing blade distortion 

Dull teeth "RrlTTIZr 


Saw not 
holding 
to line 


gu ets Dull teeth Braze saw where cracked, if^^ST 

_____ 

Teethincorrectly shaped liraze saw where 



..fShed 

— ■ -■■■ - when material is fed to saw 

Not correctly strained See TabU t I ^ 

on wheels stmin°^^ ^ ^ correct amount of 

saw not 

holding 

to line I^„ect adiustmant of 

JS?* the bottom SJide as 

Si 

*°° A°“nd off sharp angle. Joint and refit 

broien deth to ev^^^ 

Breakage .snea thi Sw of 

at braze “t® ?^w. Too thin, saw is weak at 

v^! finishing 

V - '. . ■ - -■ ■ ■ . braze, heat slightly to restore temper 


"“""enoeTtfe So »^"wh?re’‘cracted ^hen w *° Prevent 

not operate a saw that is cracked. when practicable, and sharpen. I>o 


Breakage 
at braze 
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Table ii.— Hollow-Ground, Solid-Tooth Circular Plastic 
Saws' 


Failure 

Cause 

Correction 


Incorrect tension for op- 
erating speed 

Check mandrel speed. Replace 
cracked saw with one of correct 
tension 


Gasehardening in gullets 

Replace cracked saw. Avoid case- 
hardening by light grinding with soft 
wheel 

Cracks in 
gullets 

Dull teeth 

Replace cracked saw. Keep teeth 
sharp and comers prominent 

Incorrect lead or rake to 
teeth 

Replace with new saw. Study the 
job. Some plastics require teeth 
with positive rake; others require 
teeth with slight negative rake; others 
should have teeth with radial face 


Incorrect thickness and 1 
incorrect teeth 

Replace cracked saw. For thin work 
use a thin-gage saw with fine teeth; 
for thick work use a coarser tooth, 
heavier saw 

Over- 

heating 

Usually insufficient 
clearance. Dull teeth 

As saw is reduced in diameter, the side 
clearance is also lessened. Have saw 
reground with correct clearance. 
Resharpen 

Leading 
in the 

Teeth incorrectly sharp- 
ened 

For plastics, teeth should be sharp- 
ened straight across — no bevel either 
on face or back of teeth. For softer 
plastics, suggest bevel on face and 
back of teeth alternately. Be sure 
all teeth are the same height 

cut 

Saw too thin for the 
work 

If a thin saw must be used, feed slowly. 
A thicker saw is recommended for 
thick hard plastics; a thinner saw 
may be used on thinner material, 
especially on the softer plastics 


Table 12.— Gage of Saw to Size of Wheel 


Size of wheel, in inches. . . ! 

T2' I 

16 

18 

20 

24 

30 

! 

42 

Gage of saw. ..... . . , . . . 

26 

24 

24 

22 

22 

22 

21 

20 


Table 13. — Band-Saw Tension or Strmn 


Width of blade, in 
inches. . ... ... . . 

i 

i 

I 

r 

f 

I 

7 

j 

I 

li 

Tension, in pounds . . 

25 

55 

100 

160 

200 

240 

280 

320 

440 



Failure 


Clogging 
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Table 14.— How to Obtain Greater Eehciency anb Make 

Machinists’ Files Last Longer 


Choppy or fast filing stroke 

Too coarse a file for the job; 
. . or using wrong file 

■ Stnppmg --TP r 

teeth Too much pressure 


Work held improperly 

Irnproper pattern, size, or cut 

Dragging file on return stroke 

Filing too fast (or running 
work in lathe too fast) 

Premature. ; 

wear Too much pressure 

File clogging 


Rusty files 
Careless handling 


Correction 


Use long, steady, uniform 
stroke 

Use finer cut, ^ — — — 

A new file bites into the work 
more easily. File lightly at 
first 

" Work to be filed should beTeld 
tightly in vise 
Refer to Table is 

Raise file slightly on reUtrn 
stroke . 

Use long, steady, uniforni 
stroke. Reduce speed so file 
does not slide or glaze ' 
Ease up on filing stroke 
Refer to recommended file and 
cut and use file card and 
brush 

Protect file when not in use 
Respect your file as a cutting 
tool and treat it accordingly 


Cleaning file by knocking 
against vise or work 
Careless handling 

Too much pressure 


Improper tooth and cut 

Soft or tough gummy mate- 
rials such as lead, aluminum, 

etc. ^ 

Too much pressure 

General clogging 


Use file card and brush 

Do not drop of use as a lever 

for prying , ' 

On a new file apply light pres- 
sure. Ease up on filing 

stroke 

See Table 15 

Draw the file back lightly 
along the metal on the return 
stroke, so as to clean the teeth 
A new file bites into the work 
more easily and clogs. File 
lightly at first 

Use a file card and brush to 
remove chips that lodge in 
the teeth. By chalking cut- 
ting teeth, clogging can be 
avoided, and smoother work 
produced with less scoring 
and scratching 
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Table 15,- 


-Guiee EOR THE Selection oe the Peoper File for 
■ ..the ' Job*'' ' 

Roughing. Where rapid remov- Flat surfaces—flat, hand 


al of metal is the object, bas- 
tard files should be selected; 
however, where the work is of 
thin gage or light stock, choose 
a second cut or smooth file 
with teeth of finer spacing, for 
filing across the thickness 
Finishing. Where work is to be 
smoothed or finished, select 
second cut or smooth files. 
All thin and hard materials re- 
quire smooth files 


Holes — Round, square, three* 
square, half-round 
Corners — round, square, three- 
square, half-round 
Slots — Knife, pillar, warding 


Flat surfaces — Flat, hand 
smooth. A mill bastard or 
mill second cut is more desir- 
able for a very smooth finish 
Lathe — Mill, flat 
Holes—Round, square, three- 
square, half-round 
Corners — Round, square, three- 
square, half-round 
Slots— Knife, pillar, warding. 

* Machine shop files are divided into three degrees of coarseness, depending 
upon the spacing of the teeth, into bastard as coarsest, second cut as mediuni 
coarse, ana smooth as finest. With the exception of the mill, mill-lathe, and 
shear tooth patterns, all the files in this group are double cut. 
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STOP—Arm ExtenciedI, Hand 
Level with the Hip, Hold Position 
Rigidly. 


RACK->Arm Extended, Hand 
Just Above Hip, Fingers Closed, 
Thurnb Extended Horizontally. 
Jerk Hand in Direction of Racking. 















INDEX 


AA.K-. Standard allowances, for 
different fits, ii86 , 
standard classification of loco- 
motive repairs, ii 66 
standard crankpins, 1190 
standard limits of wear for 
locomotive parts, 1187 
standard locomotive driving axles, 
1191 

standard tire-turning tools, 1168- 

■ . 1171 

standards, 1 168-1191 
steels for use in railroad work, 
ri88 

(See also Locomotives) 

Abrasive bonds (see Bonds, abrasive) 
Abrasive cutting, 1421 
Abrasive cutting-off wheels, 522 
Abrasive flours for lapping, 538 
Abrasive sticks for honing, S3i 
Abrasives, aluminum oxide, sug- 
gested uses, 486-488 
commercial, 480, 487 
grain for flexible grinding or 
polishing, 526 

grain and grade defined, 483 

grain sizes, Norton, 483 

grain spacing or structure, Norton, 

484 

in lapping, 532-540 
combinations, S39 
selecting for grinding, 487 
in superfinish, 540 
trade names of, 482, 487 
types of, 483 

' wheel grade markings, 485 

(See also Grinding ; Grinding 
wheels; Honing; Lapping) 
Accurate taper gage, 785-789 
Accurate tool setting with com- 
pound rests, 329 

Accurate work, punch and die 
clearance for, S97 
Acid, boric, use in brazing, 3 10 
etching fluid for steel, 1061 
pickling, strength and tempera- 
ture, 1062 
soldering, 207 

Acme form screw thread, formulas, 
S8, S9» 60, 71 

Acme Gridley screw machines, s82g 
Acme screw threads American 
National Acme screw threads) 
Acme threads, 

Acme tool joint 


Acorn dies for Brown & Sharpe 
automatics, 560 
Adamite, 482 

Adapters, for air cylinders for 
machine tools, 578 
for nulling machine spindles, 87s 
for multiple-spindle drill heads, 
adjustable body dimensions, 
926 

adjusting nuts for, 928 
assembly dimensions, 92 s 
Addendum of gear tooth, 2301 
long and short , 249 

(See also Gear teeth; Gears) 
Addendum corrections for long spur- 
. gear teeth, 2S4-254& 

Adjustable laps, lead, 535 
Adjustable-speed motors, <>86 
Admiralty metal, composition and 
uses, 1064, 1066, 1 070_ 

Advances in turning practice, 346^ 
A.G.M.A., fine-pitch gear-tooth 
parts, 27 sd-27Sg 

formula for horse-power of non- 
metallic gears, 296-298 
formulas for worms and worm 
gears, 29$, 300-303 
maximum sprocket speeds and 
chain velocities, 314 . . 

nonmetallic gears and pinions, 
294-298 . , 

practice in worm-geanng design, 

303 

standard key ways for holes in 
gears, 898 

tentative standard, 20-degree 
pressure angle (enlarged pin- 
ion), fine-pitch gears. 25 2a 
worm and worm gear tolerances, 
3o6a-3o6d 

Air and automatic gaging, 771, 780 
Air cylinders, rotating, for machine 
spindles, 578 

Air pressures, for sand shot and grit 

blasting, 527 

Air pumps, locomotive, limit of 
wear, 1187 

Air quenching, of alloy steels, 10 26 
of high-speed. steels, 1030, 1033 
Aircraft sheet metal, cutting 
methods, 64oe-64o/ 
nrofiling. 64oe. 640g 
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Aircraft sheet metal, shearing, 

straight, 640A, 640f 
rotary, 640i, 64oi 

forming methods, 640?w-640ii; 

contouring rolls. 640 w, 64 ov 

corrugatmg and forming rolls, 
^ 640a, 64or 

deep-draw press, 6401?, 640W 
draw bench, 640^, 640^ 
drop^hammer, 640?, 640W 
flanmng machine, 640j>, 64a<r 
Hydro-press. 6400, 640i> 

punch press, 640W, 640:r 

power brake, 640:^ 
shrining machine, 640W, 64ow 
spinning lathe, 640W, 6400 
A- press, 64or, 6405 

Aircraft sheet-metal materials, prop- 
erties of, 640/, 640», 6400, 6401', 

^ . 640V, 640a: 

Aircraft tubing, proposed standard 
sizes, 64 o&~640jj 

^^'Plane engine, cylinders* honing, 

pistons and rings, standard over- 
^ size, 1162 

Pratt & WHtney, fits and clear- 
A T . parts, 1163 

horse-power rating for 
gasoline engines, 968 
^cumite, phy^cal properties, 1077 
Al-fin process for joining aluminum 
^ and steel. 229 

Aligning of shafting by steel wire 

970 ' 

Allowance, A.S.M.E. equivalent 
terms, 751 

for backlash of gears, 1427 
in broaching, 643 
for holes, railroad shop, 

definition, 3, 172, 735, 751 

for die clearance, 603-60S 

reamed holes, 141 
for drilling for dowel-pin clear- 
ance, IS2 

between fitting parts, definition. 

for finishing, 

on lathe work for grinding, si6 
for reaming, 575 ® ^ 

negative, classes of fits, 738, 743- 

for punch and die clearance, 604. 
006-608 * 

for accurate work, $97, Soo 
for boiler work, soo 
for punched holes, 1186 

for stud fits, in aluminum, 189, 694 
in brass and bronze, ^4 

in cast iron, 188, 694 
tolerances, diagram, 725 
for turned bolts, 1 186 

in boring, for threading work, 545 


Allowances, Brown & 

lathe work to be finfsh?^ 1°’^ 
_ grinding, 516 “Wished by 

internal, 521 
shafts and^spindles, 480 
, sleeves and cams. 480 
for honing, 531 
for job set-up time on shaper 
for lapping flat work, 53^ ’ 

for lapping holes, 534 

for lapping ring gages, S35 
for locomotive fits („V Pit, 
in locomotive work* ’ 
motives) ’ 

for 90-degree bends, 630-6^2 
for reaming, 169 
for shaving dies, 602 
Allowances tor tap drills, 147 

^machine, 

and tolerances, for metal fit<« 
732-755 

Standard limits and 
fits 769, 772-779 
formulas for, 754 

freest, 736, 740 
fundamentals and definitions 

'■ t. ■ '3'2-73S . ■ , ' ‘ ’ 

heavy force and shrink fits 

,736.750-753 

interchangeable, 764 
“fernational standards for, 

loose fit, 736, 739 
medium fit, 736, 741 
”748-749"“" ■' 36 . ,46, 

sliding fit, 741, 784 

snug fit, 736, 742 

fits, 736 

tight fit, 736, 744, 745 ’ 

for''Trew^th|lf ’(J^^ Pits of 

fS«es) 

use of terms, 735 
for wear, in locomotive parts, 1187 
f'its of screw 
All threads; Tolerances) 

Alloy steels (see Steels, alloy) 

Alloj^ bell metal, "Big Ben” and 
_ Westminster, 1072 
bismuth, 1072 
brass, 1067, 1072 
Britannia, 1072 
bronze, 1067, 1072 
for coinage, 1072 
copper, 1063-1064 
cutting speeds for brass and 
bronzes, 340 

^*^067 bronze alloys, 

tinned brasses, 1070 
uses and tempers of, 1069 
for die casting, 1074-1076 


r 


INDEX 


1483 


Alloys, duraltimin, 625, 1078, 1079 
fusible, 208, 210 
melting points, 209 

German silver, 1072 

f un metal, 1072 
igh-nickel, tools for, 347, 348 
low nielting, 1070 
nickel, Monel, screw-macmne 
speeds and feed for, 349 
tools for machining, 347 
for steel, properties of, 1336-1338 
type metal, 1072 

white metal bearing, 204, 20s. 
1072 

Alowalt, 482 
Aloxite, 480, 482 

Alternating-current motors, 984, 985 
Aluminum, 480, 482 
diamond tools for, 366 
effect in steel, 10^0 
estimating machining time, 340* 

feeds^for machining castings, 343 
forming by drop hammer, 1444 
grinding wheels for, 503 
lathe tools for, 353 
lubricants for cutting, 129, 336- 
339, 3S3. 1078 ^ 
for drawing, 339, 630, 1078 
for drilling, 126, 141* 337, 335>, 

' ■ ' 343 

for honing, S3 1 
for milling, 336-339, 3S3 
for punching, 337-339 
for threading, 193, 335, 339 
machining, tools for, 3S3-3SS 
milling cutters for, 355 , , 

milling-machine feeds and speeds, 
375-4786 _ 

pressure for punching, chart for, 
627 

properties of, 1073, t077 
salt baths for, 1083 
sheet, for aircraft, bend radii, 
640^-6406 

cutting by various methods, 
640/, 640g, 640WI 
forming by various methods, 
640 m -640:>; 

weight per square inch, 948, 949 
sleeve, bonding on steel cylinder 
by Al-Fin process, 229 
soldering, 207 
speeds, for cutting, 353 
for machining, 340, 3S3 
for threading, i94-t9S, S68- 
571,573 

speeds and feeds for turret lathe 
work, 34s, 346 

spinning, burnishing, polishing, 

1077 

strength of, 625 
stud fits in,. 189 

weight per cubic inch and cubic 
foot, 1073 

Aluminum-alloy forging, 1444 
Aluminum alloys, 1330 
bend radii for, 6406 




Aluminum alloys, for die castings, 
composition, I07S 
lubricants for, 126, 193, 353, S3I, 
1078 

machining, 126, 169, 3S3“3SS 
for pistons, 1161 

Aluminum bars, weight per foot, 955 
Aluminum castings, shrinkage in, 

1074 

Aluminum forging temperature, 
144s 

Aluminum oxide abrasives, trade 
names, 486, 487, 488 
Aluminum pistons, shop practice in 
maHng, sii 

Aluminum plates, weight per square 
foot, 947 

weight per square inch, 949 
American or Briggs Standard pipe 
threads, 90-101 
dimensions, tables of, 96-99 
formulas for, 90-91 
gages, 9i“93 

American or Brown & Sharpe gage 
sizes, 941 

American drawing-room practice, 
857-860 

American Emery Wheel Works, 
grade markings, 486 
American Gage Design Committee, 
standard gages, design, 759-760 
American Gear Manufacturers As- 
sociation (xee A.G.M.A.) 
American Licensed Automobile 
Manufacturers, 968 
American machine screw tap drill 
sizes, 148 

American and metric compound 
unit equivalents. Ill 2 
American National Acme screw 
threads, 46-50 
data, 48-50 

limiting dimensions and tol- 
erances, so 
modified form, 47 

American National fire-hose cou- 
pling screw thread, 114-117 
American National screw threads, 

class^matipn of four fits^ 3, 6, 7 
clearance in nut, definition, 4 
coarse thread series. Class i, 
loose fit, 6, lo-is 
Class 2, free fit, 6, 10-15 
Class 3, medium fit, 6, lo-is 
Glass 4, close fit, 7, lo-is 
dimensions and tolerances. 
Classes, i, 2, 3» 4. 10-16, 
20-24 

metric equivalent major diam- 
eter, 8 

summary, basic diameters and 
thread data, 8, 9 
tolerances for bolts, screws, 
nuts, lo-iS, 20-24 
nuts and tapped holes, ii, 
13, 16 

derivation of tolerances, 22 
details of parts, 2 
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Amencan National screw threads, 
double depth of , 83 
extra fine thread series, 25, 26, 27 
line thread series, basic dimen- 
_ sions, 4, 5, 16-19 
Class I, loose fit, 6, 1 6-10 
Class 2, free fit, 6, 16-19 
Class 3, medium fit, 7, 16-19 
Class 4, close fit, 7, 16-19 
dimensions and tolerances, 16— 

19 

gas cylinder, 1347 
general specifications, 20 
general table, 16-17 
limiting dimensions and tol- 
erances for bolts, screws, and 
nuts, 16-19 

tolerances for tapped holes, 17, 
forms, I, 4, 7 

identification symbols, 3, 4 
lead and angle error, effect of, 23. 

• 

pitch-diameter tolerances, 7, 21. 
22 

8-pitch, series, 28, 32, 33 
limiting dimensions and tol- 
erances, Classes 2 and 3 fits, 

.32.33 

i2-pitch senes, 29, 34, 35 
limiting dimensions and tol- 
erances, Classes 2 and 3 fits, 

^ .34~3S&. 
lo-pitch series, 30 
limiting dimensions and tol- 
erances, Classes 2 and 3 fits, 


35c-35f 
rolled threads^ 40 
section showing tolerances and 
crest clearances, 7 
terms relating to, 2, 3 
_ two-thread series, helix angles, s 
Amencan Petroleum Institute (see 
A.P.I.) 

American Phillips machine screws, 


657-663 

American Phillips wood screw heads. 
696 

American Screw Co,, machine screw 
threads per inch, 681 
Amencan Society of Mechanical 
Engineers (see A.S.M.E.) 
American Society for Testing Mate- 
^ rials A.S.T.M.) 

Amencan standard, circular forming 
tools and holder, S82/-587a 
dovetail forming tools, 582/, 587&~ 
587/ 

forming tool blanhs, 5874 
locknut thread, 102 
pipe threads, 90, 96-99 


American standard, proieof. 
sprockets, 317-319 ^""^lector 

screw threads, 1-35/ 

screw^ttreads, grinding of too] 

shafting and stock keys Son— 
socket capscrews, 686 
socket setscrews, 684 

Association 


American taper pipe taps, drill sizes, 


American war standard: screw 
threads of truncated WhitwoS 

tSdiT 

Amola steel, 1329 
Ampco metal, 1329 
tool angles for, 1330 
Analysis _and properties of steals. 
b.A.E., 1008-1010, 1045 ’ 

tooL chart, loii 

used by Ford industries, 1046- 
1049 ^ 

Angle, of approach for end and face 
mills, 403 

of clearance, dovetail forming 
tools, 547, 548 ^ 

corresponding to taper per inch 
diagram, 809 ' 

of helix, effect on wire measure- 

f y 2 

milling cutter teeth, 380, 382 
.388,392,393 ’ 

of index head for cam cuttinc- 
. .diagram, 406 

of pitch or center of bevel gears 
finding, 261 o , 

pressure, of gear teeth, 246 

of rollers, finding, 1197 
setting, for milling screw- machine 
cams, 407-414 

of thread,^ Acme (American Na- 
tional) , 46 
definition, 2, 172 
International (metric) Stand - 
; ■ ard, 43 , 
mea.suring, 57 

National and V, measuring, 57 
watch screw, various, 42, 44 
Whitworth Standard, 46 
of thread tool, measurements, 
table for, 53 

tolerances for taps, 177, 179, igi 
of wood-screw heads, 696, 608 
of worm and buttress thread, si 
worm thread. Brown & Sharpe, 
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Anffle chart by S' degrees, 1198 
Angle constants, shop tngonometry, 

1193-^98 „ . 

for sine bar, 8iS”"82S 
Angle errors, screw thread, 23 
Angle formulas, 1197. Ii 98 » I 20 i~ 

Angle^^easurements of tools for 
* thread cutting, table, 52, S 3 
Angle measures, tables, I los 
Angle plate for sine bar, 826 
Angie wrench, 1325, 1326 
Angles, between arbor and table, 
milling niachine, table of, 409- 
414 

of arc, table, 1105 
calculating, 1198-1212 ^ ^ 

center, for bevel gears and pinions, 
examples and table, 264, 265 
corresponding to given tapers for 
foot, 808 

drill point, cutting and clearance, 
120, 122 

gashing for worm wheels, 305, 306 
of lathe and planer tools, 323-326, 
1323 

leads and change gears for cutting 
helices, 40 S&-40 5 ^ 
for milling cutters for steel, 382, 
388, 392, 393 
rake and face, 380 
other than right, calculating, 
1208-1211 

right, calculating, 1198-1212 
for screw-machine tools, box tool 
cutters, 542 

circular cutting-off tools, 576 
circular forming tools, 547-552 
dovetail forming tools, 547, 
548-552 

setting, for bevel gears, 264. 265 
side, of milling cutters for worm 
threads, 298 

sides and sines, table of, 848-853 
spacing boltholes in circle, 1195 
table for, 1201-1209 
table for calculating, 1201-1207 
table of chords for constructing, 
842-844 

testing with plugs, 1209-1211 
tool for laying out, 814, 815 
use in locating hole centers, 1 198- 
1200, 1208-1212 
Angular measure, table, lies 
Angular milling cutters, single and 
double, 398, 1265 

Angular straight bevel gear form 
data and calculations, 266/1- 
266* 

Angular work, use of sine bar in, 815 
Annealing of carbon tool steel, 1028 
definition, 1003, 1004 
Annealing temperatures of stainless 
steels, 1037 

Antifriction metal, composition of, 

io63'.'''. 

Antimony, properties of, 1073 
A.PJ, Standard, dril? pipe for oil- 
well work, 103, 108-110 


A.P J. Standards, drill-pipe threads, 

^ 108-109 

oil-well casingj 103-107 
Approach of milling cutter, table, 
403 

Arbors, milling cutters, keys and 
keyways for, 404 
milling machine, adapter for, 876 
for shell reamers, 156, iS7 
sizes of centers, 372 
and spindles, milling-machine, 
875, 876 

Arc of contact, grinding wheel, 497 
Arc cutting, of metals, 216-217 
Arc-welded butt joints, 222 
Arc-welded corner joints, 223 
Arc welding, 217-226 
carbon arc, 219 
of cast iron, 223, 225 
use of studs in, 226 
electrodes, 219-221, 226 
fillet welds to replace rivets, 224 
general suggestions, 220 
of jigs and fixtures, 226, 227 
length of arc, 220, 221 
metallic arc, 218, 219 
physical properties of welds, 
219-220 

polarity of current, 221 
preparation of work, 220 
shielded arc, 219 
skip method, 221 
step-back method, 221 
types of joints for, 222 
{See also W elding) 

Arcs, circular, table of lengths, 854 
Area, of circles and squares, rules 
^ for fin<hng, 589 
circular ring, rule for, 592 
of sector of circle, rule for, 592 
of segment of circles, table, 592, 
S 93 

of sphere, rule for, S92 
of standard pipe, 98 
of triangle, rule for, 592 
Area and weight chart for steel 
stampings, S9S 

Areas and circumferences of circles, 
from I to 1000, 1143-1154 
Areas and diameters of small drills, 

137-139 

Areas or volumes of fillets, table, 933 
Arkansas oilstones, composition of, 

529 

Armature laminations, grinding 
wheels for, SOS 
Armor plate, milling, 1400 
Arsenal “hot dip’* process for 
tinning,^ 1060 

Artifi.cial oilstones. Carborundum 
Co., 529 

Norton Co., 529, 530 
A,S.A, safety code for grinding 
wheels, 489 

Standard composite gear-tooth 
systems, basic rack for 
i4K-degree, 236 /• 
for 20-degree stub involute 
system, 238 
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A.S.A. Standard composite gear- 
tooth systems, tooth pro- 
gears, 

14^2-aegree composite, 237 
ao-degree stub tooth involute, 

238 

standard machine screws, 648-6'? 3 
Ascaloy. “rustless iron,” 107^ 

A.b. M.B. ^specifications, for gages 
plain limit, 755-758 
handles for, 757 
sn^, 758 

A,S.M.E., terms for allowance and 
^ tolerances in fits, 751 
Assembly, interchangeable, 738 
747, 751,755 

allowances and tolerances, ta- 
bles. 736, 754, 764 
classes of fits for, 730— 742, 754 
selective, 738, 747, 75i, 755 
allowances and tolerances, ta- 
Dies, 736. 754 
classes of fits for, 743-754 
Association of American Railroads 
^ . (see A.A.R.) 

A.S.T.M., melting points of solder 
metal, 209 

Astronomical attachment for divid- 
ing head, Kearney & Trecker, 
j, _ , 455, 45b 

Atkins metal saw teeth, 461 
Atmosphere, furnace, oxidizing, neu- 
. ^fa-l and reducing, 1022 
Atomic hydrogen welding, 217, 218, 

Austenite condition of steel, 1030 

Autocar Co., nickel-alloy steels for 
trucks, 1050 

Autogenous welding (lead burning) , 

A ^ 

Automatic and air gaging, 771, 780 
Automatic screw machines, Brown 
® Sharpe, acom dies for, 560 
cams, table of settings for milling 
for, 407-414 
capacity of, 582 
circular forming tools, 555-559 
calculating diameters, 553, 550 
. ^590-5596 

knurling tools, S82&-SS2/ 
speeds and feeds, 560-566 
threading on. S74, 575. S81-5826 
{oee also Screw machines) 
^^^^287^*^^ spiral bevel gear, 

Automobile engine, cylinders, clear- 
ance m bore, X162 
fits and tolerances, Ford, 1164 
Lincoln Zephyr, 1165 
piston-pin hole sizes, 1162, 1164 
pistonsj 1161, 1162, 1164 
cast iron, 1x62 ] 

clearance, ring fits, 1161, 1162, 
1164^ 

machining, n6i 

and rings, standard oversize. ] 


Automotive data a* , 
Automobile; S.A.E 
Bolts; Nuts) Steels; 

Automotive steels, S.A.E., 

_io 16, 1043-1045 1008* 

A 4. Alloy Steels; S A P \ 

Automotive work, General 
„ carburizing matariairxo»°‘°" 
Packard automatic carbSyi-r, 
units, 1039 /'‘^^wzing 
Avoirdupois weight, table 1 tq^ 
ss’i 3®82°^ face-miffing cStters. 

Axle lathes, motors for, 001 
Axles, for pars and tenders ttRo 

locomotive, press fits for. 1177^ 

pressures for mounting. IT *rn 

trailer, A.A.R. standardfiJs? 

maximum weight, 1190 

^and tender, pressures for, 


Babbitt, composition of, 1072 
tor die castings, 1075 
lubricants for cutting, boring and 
reaming, 329 ® 

melting and pouring, 203. 201? 
ormnal mixture, 203 
Babbitting, brazing, soldering, weld- 
mg, 2037229 

for rebabbitting bearings, 203, 20s 

1°^ alloys, 204 

Back rake in different cuts, 346a ^ 
Backlash m gears, 1427 
Bakelite, diamond tools for, 366 
dnllsfor, 129. 132 
properties of,^ 1078, 1081 
speeds for drilling, 129 

1 i£>4. 195, 568-571 

Bakelite bond for grinding wheels 
482, 483, 484, 523 ’ 

Bakelite cutting-off wheels, speeds 
for, 498 

Baldwin Locomotive Works, punch 
and die clearance for boiler 
work, 599 

Ball bearing mountings, New Depar- 
ture Radax tolerances and fits 
836. 837 

Ball burnishing, 527, 528 
proportion of balls and work, 528 
size and weight of balls, 528 
■“^^VCmnks, revolving-handle, 834 
sohd-handle. 833 

Ball cutters for drop-forging dies, 
1087 

Ball levers, 835 

Ball point micrometer for measuring 
internal threads, 76 
Balls, in cloudburst method of hard- 
ening steel, 1033 

steel, brass, and Monel, toler- 
ances, 965 

^^^^1:46^^’ metal-cutting, 470-472, 
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Band saws, blades for various 
materials, 463* ^ 4^7 
brazing, 211 , 

cutting specifications, 472 
higb speed, 1471 
tension, 1476 
wheels for, 1476 

Bands, 'interference, m measuring 

with light waves, 729 . 

Barber-Golman tapered spline for 
shafts, 920, 921 ^ . 

Bars, weight per foot, for aluminum, 
9S5 

for brass, 955 
for copper, 955 
for iron, 954 

for steel, 954 ' ^ , 

weight per inch, for carbon ana 
high-speed steel, 952 
Basic size, definition, 3, 735 
Bastard-cut files, 196* I 97 
Bathite, 482 ^ _ . 

Baths, lead and tin, for drawing car- 
bon tools, 1027 
oil, for quenching steel, 1022 
Bearing^ alloys, white metal, prop- 
erties of, 204 . 

Bearing clearance, by rock of pm 
gage, table, 723 ' , ^ , 

Bearing metal, used by Pennsyl- 
vania Railroad, 1063 
Bearing mountings, Bower roller, 
838, 842 

Bearings, airplane engine, fits and 
clearances, 1163 

automobile engine, clearances, 
1164 

fits and tolerances, 1164 
ball and roller, fitting, 835-842 
hot, cooling of. 999 
rebabbitting of, 203, 205 
testing with lead wire, 1083 
Bell metal, “ Big Ben and West- 
minster, composition of, 1072 
Belt fasteners, 974 
Belt hooks, and lacings, 974. 975 
Belts, fiat leather, horse-power rat- 
ings, 970-974 

polishing, types of, 525* 526, 724 
Benches, work, 200-202 

combination steel and wood top, 
200 

plank construction, 200, 201 
Bend radii for aluminum sheet, 640a, 
640& 

for X-4130 normalized sheet, 640& 
for stainless steel and Inconel, 
640& 

Bending dies, compound, 1270 
constants for angle bends, 597 
formulas for bends, 596 
laying out, 596, 597 
National Cash Register Co. 

method, 596 
plain, 1270, 1271 
Bending of sheet steel, 630-636 
Bending and straightening rolls, 
motors for, 99s 



Bending thin-walled tubing, 637, 63^ 
90-degree, allowances for, 630—632 
Bent-shank tapper tap, definition, 
;I7'I ' 

Beryllium^ properties of, 1073 
weight per cubic inch and cubic 
foot, 1073 

Best wire sizes for screwthread 
measurement, s8 

Bevel gage for laying out angles, 814, 
81S 

Bevel gear system, angular straight, 
calculations, 266A, 266* 
straight, 266-2667 

(See also G^leason straight 
bevel gear system) 
calculations, 266^-2665 
Bevel gears, 231, 259-2667, 1285, 
1424 

cutters, 262 
selection, for, 262-266 
set-over for, 263, 264 
finding pitch, face and cutting 
angles of, 262 
formulas for, 261-264 
Gleason straight system, 266-2667 
laying out, 260-262 
parts of, 259 
planing, 266 

proportions of, calculations, 261- 
263 

skew, spiral, by poid, 231 
table for setting angles, 265 
uses of, 259 

(See also Gleason straight bevel- 
gear system) 

Bevel washers, 706 
Bilateral and unilateral tolerance, 
definition, 725, 1320 
Bilateral and unilateral bole toler- 
ance, British, 769-771, 772-779 
Binding-head machine screws, 
American Phillips, 662 
Birmingham or Stubs' iron wire gage 
sizes, 941 

Bismuth, effect in solder, 209 
properties of, 1073 
shrinkage of, castings, 1074 
weight per cubic inch and cubic 
foot, 1073 

Bismuth alloys (fusible metals), 
1072 

Black Drill Co’s. Hardsteel drills, 

147 

Blank layout, for square bends in 
sheet metal, 632 

Blanking dies, 597, 612-615, X 27 i 
for accurate work,, 597 
clearance or relief, 605-600 
Blanking dies, clearance for different 
gages of stock, table, 606-608 
double-action press, 609 
Blanking punches, pilots for, 600— 
602 , 

for bevel gears, laying put, 259 
for broaches, 641 : 
for circular forming tools, Ameri- 
can standard, 581-585 



S^l 586 ’ standard, 

^°’' *awn and formed work, 588- 
preM work, allowance for shaving, 

■ “ scrT^dst 


~ wxv 


020-624. 6 : 
figuring, S02 S03 

for shells. cylindricaf.’ISd’taoe 


saells cylindrical, an'd taper, 
\r 5. ' 5<)0, 591, 594 

sprockets, cutters for, 

Blocks or holding work for sawing, 

Blowpipe for lead burning, 227 
for welding and cutting 2ii'-2ri; 
Blowp,pe chart, for hS cutting^ 

tj welding, 215 

Board feet, table of, 931 
Body^or clearance dnll allowance. 

Boiler patch bolt, 1256 

'm ^‘^^position 

and melting points, 210 

u.o. Government rules for 208 
Boi er rivets, XJ.S, Navy^oT 

punoh and ^die clear- 
^ ance for, 599 

Bolt cuttprf^S^ 

Bolt If ’ speeds of, 566 

thread (S.A.E.) 

^^for! 930 Upsets, allowances 
Bolt and nut machines, motors for, 

^ , 994 ’ 

Solts. agricultural, 1256 

areas of, 647 
boiler patch, 1256 
badge or roof, 1257 

RritfS l^“l“d Kne. 711-717 
® macs 

and tolerances, 38-~3o/t 
carnage, 1256 ' ^ 

washers for, 706 
cotters for, 69s » 

deck, 1257 

expansion, 1256 
eye, 702, 703, 1256 
^nger, 668, X 250 
Harvey grip, 704 
hook, I2S7 

joint, 1256 

loom or carriage, 1256 
machine, 1256 
oval T-head, 1256 
plow, 1257 


■i- Bolts, sink, 1257 

’ % 

Step, 1256 
stove, 1257 

stud, continuous thread 66s 
double end, 66s ’ 

tap-end, 664 

7 878 

track, 1257 
’ b, 1257 

Bolts, nuts and screws ■««•+• t. 

Standard Kne (B.S P.) f", * 

National Fine (S.A.E.) Standard, 
dimensions, 682 

A.S.A. standard, 647-700 

wheels, Bakelite, 48a, 
resinoid, 486 
rubber, 483, 484 

®^486° 482, 483, 484 

silicate, 482, 484, 486. 488 

strength of, 484 
J^trified, 482, 484, 486, 488 

Co ee a/50 Norton grinding- wheel 
_ recommendations) ^ 

Bone and charcoal, in case harden- 
104^ 

_ granulated, sizes of, 1042 
Borax, fluxior silver brazing. 211 
_ for soldering, 206 

P‘“ *age. 

Bore sizes, nonmetallic gears and 
pinions, 294 

^°^^ance^i°i?2^^^^ cylinder, clear- 
coring, in Ford plant, 343, 344 
Boring, precision, 1396^ 
looting allowance for threading on 
_ .screw machine. 545 

Bonng-bar feeds and speeds 1368 

Bonng holes, oversize, b“’rolk of 
.pm gage, 722, 723 
7iTi5r® calipers in, 721, 722 

of Pi^ gag” 

®°4rticT«?8' “S9 

Boring and turning, 321-37/ 

constants for cutting time 327 

of locomotive tires, 1167-1 1^72^ 
tollff/°^ turning speeds. 1171 

tools for, 1 168-117 1 
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Borolon, 482 . - 

Bort diamond wheels, 523 
Boston, Prof. 0 . W., recommenda- 
tions for milling, 376 
Bower roller bearings, tolerances and 
fits, 838, 842 

Bowline knots, 1097, X 09 S>. iioi 
Box tools for screw machines, 
bushing type, 1310 
cutters for, 542 
finishing, I 3 X^ 
roughing, 13 IX. ^ 
speeds and feeds for, 500-506 
for Monel, 349 
tangent cutter, i?i x 
Boxes, driving {see Dnving boxes) 
Brake drums, superfinishmg, 541 
Brass, allowance for shaving, 602 
annealing, designations by tem- 
per, 1068-1069 

brazing, composition and uses, 
1064,1067 

cartridge, composition and uses, 
1064, 1066, 1069, 1071 
cast, properties of, 1073 
clock, composition and uses, 1064, 
1070 . . 

drawing or spinning, composition 
and uses, 1064 
drills for, 129, I? 2 ^ 

eyelet, composition and uses, 1064 
feeds, in milling cutter, 398 
for turning, 342 
grinding dies and taps for, 193 
grinding wheels for, 506 
high, composition and properties, 
1066, 1069, 107X 
hollow mills for, 343, 544 
leaded, composition and uses, 1070 
leaded low, composition and uses, 
1064, 1066 

low, composition and properties, 
1066, 1069, 107 1073 
lubricants, for cutting, 329 . 

cutting fluids application chart 
for, 336"-339 
for drawing, 629, 630 
for drilling, 141, X4S» 338, 339 
for punching, 629 
for sawing, 466, 46S 
for tapping, 141, 33S, 339 
for threading, 193. 335-339 
naval (Tobin bronze) , composi- 
tion, and uses, 1063, 1064, 
1066, 1067, 1071 
pressure for punching, 622, 623 
for shearing, 623, 624 
punch and die clearance for, 598 
reamers for, 165 

red, composition and uses, 1064, 
1066* 1067 

speeds, for milling, 3861 387 
threading, 194-19S. S68-S7X, 

- ,573. ■. ' 

Speeds, and feeds, for screw 
machine work on, s6i 
turret lathe for, 346 
spring, composition and uses, 1064 


Brass, strength of, 625 
tempers, and corresponding reduc- 
tion in rolling, 1068 
terminology, 1065, xo66 
tinned, composition and uses, 1070 
tinning of, 1061 

weight per cubic inch and cubic 
foot, 1073 

yellow, uses of, 1067, 1070 
Brass and bronze, drilling speed, 126 
speed for reaming, 169 
speeds for threading (Landis) , 

194, 19s. 568, 569-574^ , _ 

Brass and bronze alloys, S.A.E. 

description and uses, 1067 
Brass and copper, saws for, 468 
Brass bars, weight per foot, 955 
Brass castings, hardness of, 1018 
shrinkage, 1074 
Brass die castings, 1076 
Brass parts, tinning, 1061 
Brass plates, American or B. & S. 
gage, weight per square foot, 
„. 947 . 

Birmingham or Stubs’ gage, 
weight per square foot, 950 
Brass sheet, tolerances j 1068 

weight per square inch, 948, 949 
Brass stampings, allowance for 
shaving, table, 602 
Brass tubing, tolerances, 964, 1068 
weight per foot, 957 
Brass wire, American or Brown & 
Sharpe gage, weight per 1000 
linear feet, 951 

Birmingham or Stubs’ gage, 
weight per 1000 linear feet, 

963 

composition and uses, io64i 1067 
Brasses, crown, for locomotives, 
1182-H84 

Brazed joints, heat-treatment of, 21 1 
Brazing, of band saws, 211 

and hard soldering, difference 
between, 210 
of silver, 211 

and welding, flux characteristics 
for aluminum and bronze 
rods, zisa 

oxyacetylene, fluxes for, 2150- 
216 

Brazing brass, composition and 
uses, 1064, 1067 
Brazing fluxes, 21 1, 2i5<i-2i6 
Brick, weight of, 1105 
Bridge or car reamers, types, 155 
Bridge or roof bolt, 1257 
Briggs pipe threads {see Amer- 
ican or Briggs Standard pipe 
threads) 

Bright tin plate, sizes, 639. 640 
Brinell hardness, and cutting speeds, 
386-388 

and tensile strength of materials, 
386 

test, 1054 

Britannia metal, 1072 
British Association screw threads, 40 
dimensions and tolerances, 41 
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British Association screw threads, 
formulas for measurement, 59 
measunng with wires, 58, 66-68 
section and formula, 43 
British clearance fit, 770 
British interference fit, 770 
British screw heads, 689 
British Standard, fine, bolts and 
nuts, sizes, 7 1 1-7 1 7 
threads, 30c-39e 
screw threads, 39^ 
limits and fits, for holes, 769-773 
^ for shafts, 774-779 
pipe threads, gages for, 1 10 
sizes, 39/, 11 2-1 13 
tap drills for, 152 
screw threads of Whitworth form, 
36-37 

taper pins, 807 
tolerances for reamers, 154 
Whitworth threads, bolts and 
nuts, sizes and tolerances, 

38-390 

screws, basic sizes and toler- 
ances, 37&& 
double-depth, 83 
measuring with wires, 60, 66 
radius, 37a 

section and formula, 46 
special, 39g, 39^ 

British Standards Institution, new 
thread standards in Great 
Britain, 37a 

Broaches, burnishing buttons on, 

carbide tipped, 642 
for cast iron, 643 
chip per tooth, 641 
chip room for, 641 
details of teeth, 641, 1413 
grinding, 1414 
grinding wheels for, 506 
gun-barrel, 1368 
high-speed steel for, 641, 642 
for internal gears, 642 
lubricants for, 642 
materials for, 641, 642 
oversize, for round holes, 643 
push type, 642 
rake of teeth, 642 
sectional, 642 
sheared-cut, 641 
speeds for, 64s 

tooth arrangement for round 
holes, 641 
tooth shape, 64$ 
tooth Spacing, 641 
turning blank for, 641 
undercut teeth, 641 
Broaching, allowance for, 643 
and burnishing of bearings, 646 
of forgings, compound for, 642 
metal removed in, 64s 
outside or surface, 641 
in power mess, 643 
of round holes, 642 

soft-metal bearings, 642 
of square holes, 641-643 
center relief for, 644 


Broaching machines, 644 

_ rotary, 64s 

Broaching press, 1304 
Broaching speeds, 645 
Bronze, admiralty, composition 
uses, 1063, 1070 ' 

Bronze, ^ for British coinage, con^ 
position, 1072 

comnlepial, composition and Use.! 

1064 ‘ 
feeds for machining, 342 
grinding wheels for, S06 

hard, composition and uses 
1067 

lubricants, fluids application chart 
for, 336-339 

manganese, composition and uses 

1066, 1067 / 

navy (Composition) for journals 

1065 ’ 
phosphor, composition, 1063, 1067 
properties of, 1073 

reamers for, i6s 
speeds for machining, 340, 387 
for threading, 194-19S, 568-571 
ioDin, threading speeds, 570,572 
weight per cubic inch and cubic 
foot, 1073 

Bronze bearings, composition of 
wearing surfaces, 1063 
for locomotives, 1188 
Bronze bushings, grinding allow- 
ance, 577 

Bronzes, _ feeds fpr^ 3^3 
high silicon, machining, 1066 
strength of, 625 

Brown & Sharpe, acorn dies, 560 
automatic (5ee Automatic screw 
^ machines, Brown and Sharpe) 
circular forming tools, tables, 
SS 5 -SS 9 ' 

Cutter diameter and width of 
.work 383, 384 

dividing head, arranged for dif- 
ferential indexing, 432 
formula for gear ratio for dif- 
ferential indexing, 434, 435 
principles of differential index- 
ing, 433, 434 

table for indexing all numbers 
, from 2 to 730, 434-453 
grinding limits, 767-769 
hollow mills, 543, 544 
involute gear tooth cutters, 254 
limits for turning work to be 
ground, 516, si7 
metal saw teeth, 459 
permanent magnet chucks, 518 
standard taper pins, 802 
steel wire gage sizes, 941-943 
tapers, 797-799 
taper-shank end mills, 399 
tests, coarse tooth cutters, 379 
worm threads, measuring with 
wires, 74» 75 
parts, 75 

proportions of, 51 
worm wheel hobs, 73, 74 
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Browning solution, U.S* Armory, 

.. .1056 . 

Buffing, compositions, 525 
and polishing, 523-527 
Buffing lathes, motors for, 993 
Bulging dies, 1271 
Bulldozers, motors tor, 994 

Bunsen buimer, 1260 - 

Burnishing, with steel balls, 527. S28 
Burnishing action of broaches, 646 
Burnistiing bars, 644 
Burnishing dies, 1271 . . 

Bushings, bronze, gnndmg allow- 
ance for, S 77 
grinding wheels for, 506 
jig, standard, 828-831 
(See also Jig bushings) 
lapping, 534 / , 

for U.S. Navy standard punches, 

619 

Butt joints, welded, 222 
Butt welding, 217, 218 
Button and fastener measurement, 
192- 

Button-head capscrews, 655 
Button-head rivet, 707 
Buttress thread, 43, SI 


Cadmium light, use of wave lengths 
for measurement, 727 
Cadmium plating in threads, thick- 
ness'of, 71 
Calcinite, 482 

Calculating angles, 1198-1212 ^ 

Calculating diameters of forming 
tools, SSS-SS 9 t 5 S 9 C-S 59 & 
Calculating dovetails, 812-814 
Calculating for metal bends, 631 
Calculating right-angle triangle ele- 
ments, 1198-1212 

Calculating triangles, other than 
right-angle, 1208-1211 
Calculations, for bevel gear propor- 
tions, 261, 262 

for gearing, 233, 234. 239-243, 
247-252, 255-266 
for helical gears, 276-285 
for straight bevel gear system, 
266e-266g 

for thread lobes on screw machine 
cam, 581-582^ 

for worm gearing, 298, 300-304 
Calescent and recalescent tempera- 
tures, steel, 1031 
Caliper gages, 733, 734 
Calipers, micrometer, 1261 
names of, 1260 

side play in boring oversize holes, 

' 72I:.,, ' 

Cam clamp for jigs, 889 
Cam-machine parts, production 
grinding of, 481 
drum or barrel, 1261 
edge, 1261 
face, 1262 

g rinding wheels for, 506 
eart-shaped, milling, 405/ 


Cam-machine parts, screw-machine, 
design and layout, 579-581 
gears for milling, tables, 415-426 
settings for milling, tables, 407- 

414 , . ■ ' 

Camming automatics for threading, 

„ 574, 575, 581-5826 ; 

•Cams and tanks, table of dimen- 
sions, 638 

Canvas polishing wheels, 525 
Capacity of round vertical tanks, 
938 

Cape chisel, 1263 

Caps, fire-hydrant, thread dimen- 
sions, II 5-1 17 

Capscrews, button-head dimensions, 

655 

chamfer of points, 6S4 
fillister-head dimensions, 656 
fiat-head dimensions, 654 
fluted socket, American Standard, 
688 

hexagonal, 672 

hexagonal socket, American 
Standard, 686-687 
thread lengths, 655 
Car and tender axles, carbon steel 
for, 1189 

pressures for, 1180 
Carbide blade reamers, speeds for, 
169 

Carbide milling cutters, brazed tips, 
377 

diamond wheels and hones for, 
478-4786 
few teeth, 376 
fly, 376 

grinding, 478-4786 
grinding wheels for, S16 
JCeamey & Trecker design, 390, 
391 

negative rake, 375, 376, 378, 386- 
390 

number of teeth, 388 
points in use of, 377» 378, 385- 
387, 393 

recommended carbides, 388 
for steel, 377» 378, 384-385, 387- 
393 

speeds, for different materials, 397 
recommended milling, 384-387 
recommended for steel work, 
38^-388 

tests with face mills, 391-393 
(See also Milling cutters, car- 
bide) 

Carbide-tipped broaches, 642 
Carbide-tipped cutters, 377, 378 
advantages, 376 

Carbide-tipped tungsten drills, 
speeds for, 145 

Carbide tools, 1363, 1396, 1415 
advances in turning practice, 346a 
chip breakers, 373 
grinding of, 368^371 
grinding wheels for, 5i5» 5 16 
speeds and feeds, 346, 364, 367, 
369, 374<t-374^' 
trade names, 367 
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Carbide turning topis, advanced 
practice mtlx negative rake, 

.j 46 a- 346 & 

aifferent uses, 346a“346& 

„ zero and negative rake, 346a-346& 
varDo-alumina, 482 
Carbolite, 482 

grinding operations with, 486 
Carbolon, 482 

Carboloy, tungsten carbide tools, 
^ ,307 / 

Carbon, effect in steel, loii, 1030 
Carbon arc welding, 219 

steels, grades and uses, 1006 
S.A.E. summary of, and uses, 

C^bon tool steel, hardening, 1029 
heat treatment, 1028 
speeds for threading, 194, 195, 
S 68 -S 7 I 
^ uses, 1027 

Carbon-steel axles for cars and 
_ tenders, 1189 

Carbon-steel tools, on automatics, 
speeds and feeds for, S62 
baths for drawing, 1027 
_ grades and uses, 1006 
Carbonizing {see Carburizing) 
Carbora, 482 
Carborundum, 480 
■ wheel grade markings, 48s 
Carborundum Company's oilstones, 
_ , 529 

Carbosolite, 482 
Carbowalt, 482 
Carburizing, of cast iron, 1043 
of steel, automatic, 1039 
colors in, 1040 
definition, 1004, 1038 
factors in, 1038 
flat work, 1041 
materials used, 1038, 1041 
by General Motors, 1039 
Packard units for, 1039 
rate of penetration, 1038-1040 
Carpenter stainless steels, 1034 
Carnage bolts, 1256 
Cartridge brass, composition and 
properties, 1064, I066, 1069. 
1071 

Case, definition of, 1004 
Case hardening {see Carburizing) 
Case-hardening steel, comparison 
^ with tempenng steel, 1007, 1008 
Casing, oil-well, A.P.I. Standard, 
103-106 

Cast iron, arc welding of, 223, 22 
use of studs for, 226 
broaches for, 643 
case-hardening of, 1043 
conversion factors, for other 
^materials based on, 345 
cutting with arc, 217 
cutting speeds, 375, 387, 389 
and feeds, 340 
.„.with Stellite, 363 
drilling, 126 

grinding dies and taps for. 10 ^ 

grinding wheels for, 507 


Cast iron, hardening, io*;7 

honing, S3I 

horse-power required for drilling 

135, 344 

laps for plugs, 536 
lubncants for cutting, 193 
.,,.336, 531 329, 

milling speeds, 386, 387, 380 
power required for planing, pSo 
properties of, 1073 ^ 

reamers for, 165 
safety factors for, 939 
saws for, 463, 466, 472 
setting studs in, 693 
shrinkage of castings, 1074 
soldering, 207, 208 
strength of, 625 
stud fits in, 188 

threading speeds, 194-195, 558, 
571, 573 
washers, 706 

weight per cubic inch and cubic 
foot, 1073 

Cast steel, feeds for, 341 
strength of, 625 

weight per cubic inch and cubic 
foot, 1073 

Castellated nut dimensions, S.A.E 
682 * '• 

^^^^5^7^’ blasting of, 

shrinkage, by various materials 
^1074^ 

Cast-iron pipe, threading speeds for 

(f.p.m.), S67 

Uast-iron plate, for lapping, 533 
Castle nuts, 680 ^ 

Catalin, 1332, 1447 
diamond tools for, 366 
Ceiling hooks, 702 
Celluloid, diamond tools for, 366 
Cement, weight of, 1105 
Cementation {see Carburizing) 
Cemented carbide tools, 364 
Center drills for arbors, sizes, 372 
Center finding, various methods. 
1213-1217 

Center reamers, ISS, 156 
Centerless grinder, 1289 
uses of, 479 

Centerless grinding, 518-520 

depth of cuts, 518 
end feed, 520 
in-feed, 519^ 

Norton grinding- wheel recom 
mendations, 505-516 
relatmn of grinding wheel and 
feed wheel, 518 
through-feed, 519 

Centers of holes, locating, 1108— 
1200, 1208 

Centigrade and Fahrenheit con- 
version tables, 1023-1024 
Centrifugal sand machines for 
cleaning castings, 527 
Cerrobase metal, 1443 
Cerrobend metal, 1443 
Cerromatrix metal, 1443 
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Chain Link-Belt silent, 307- 

' 308: 

Morse, 309 » 310 
Standard roller. 31 1 ^ 

Chain slings, double, safe loads for, 


Chain velocities, sprocket, 314 
Chamfer, of capscrew points, 654 
on dies, 187 . 

Change gears, for cutting diametral 
pitch worms, 85-89 
for cutting helices, table, 400-402 
for cutting threads, 78-81 
for cutting worm and helical 
gears, 427-431 

for differential indexing, 432-453 
for bobbing, 269 
for milling cams, 414-426 
Chapmanizing, 1040 
Charcoal for carburizing steel, 1039 
Charging diamond laps, 538 
Chart, for area and weight of steel 
stampings, 595 

for circular forming tools, 554 
of cutting fluids for machine work, 
336—339 

for estimating speeds and feeds of 
drilled work, 140 
for hacksaw blades, 462 ^ 
of metal removed at various cuts, 
feeds and speeds, 372 
for milling feeds and speeds, 387, 


1404 

for pressures required for punch- 
ing, 627 

Chaser and tap thread form for 
truncated Whitworth threads, 


36, 37 

Chasers, grinding wheels for, 507 
high-speed steel, speeds on various 
materials, 574 

Chatter, cause and elimination, 


1413. 

in milling cutter, 393 
of reamer teeth, 164 
Checking gage blocks with optical 
flat, 730 

Checking old machines, 1416 
Chemical compositions of S.A.E. 

steels, 1008-1010 
Cherry cutter for milling, 1265 
Chicago wheel grade markings, 485 
Chilled cast iron, speed for drilling, 
126 

Chilled iron, grinding wheels for, 507 
Chip breakers, carbide tool, 373 
Chip formation, milling cutter, 379, 
380 

Chip per tooth, for broaches, 641 
Chip thickness, varying, in milling, 

383 

Chisels, air driven, grinding wheels 
for, 507 

Chisels, cold, 1263 
Chordal dimensions for multiple- 
spindle heads, 855 
Chordal pitch of gear teeth, 230 
Chordal pitch and radius of spur 
gears, table of constants, 239 


Chords, table of, 842-844 
Chrome-nickel steels, 1008 
Chrome- vanadium steels, S,A.E., 
composition, 1009 
uses, 104s 

Chromium, effect in steel, 101 1, 1030 
properties of, 1073 
weight per cubic inch and cubic 
foot, 1073 

Chromium plating, grinding wheels 
for, S07 

of threads, thickness, 71 
Chromium-plated tools, 364 
Chucking reamers, 155, 1308 
Chucks, 1312 
magnetic, S17 
permanent-magnet, Sl8 
Cincinnati Milling Machine Co., 
gears for milling cams, table, 
415-426 

Cincinnati milling machines, cutters 
of various kinds oh different 
materials, 385, 386-389 
cutting racks on, 457-458 
Cincinnati wide-range divider, angu- 
lar divisions, in degrees, 
4S4a-454<^ 

in fractions of a degree, 454^- 
4S4« 

formulas, description and, 454- 
454« 

Circle, gage settings for holes in, 815 
properties of, 1217 
sector of, rule for areas, 592 
segment of, rule for areas, 592 
table for areas, 5<>3 
Circles, areas and circumferences, 

.1143 

circumferences and diameters, 

1155 

constants for relation to other 
figures, 1212 

laying out regular polygons on, 
table, 1212 
layouts, 1391 

spacing holes in, by angles, 1195 
table for, 845-848 
and squares, rules for finding 
dimensions, 589 

table of sides, angles and sines for 
spacing holes in, 848-853 
Circular arcs, lengths of, 854 
Circular cutting-off tools, angles and 
thickness, 576 

Circular and diametral pitch of gear 
teeth, corresponding, 235 
Circular electrodes for seam welding, 
218 

Circular forming tools, 13 IX 
blanks, s82/-s87a 
for Brown & Sharpe automatics, 
SSS-SS9 

calculating diameters, 559-559^ 
finding diameters, 553* SSS-5S8 
chart for, 554 ^ 

comparison with dovetail tools, 
S47—549''- 

for cone points, 552 
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Circtilar fommg tools, with counter- 
bored, holes, dimensions of, 587 
finishing with master tool, 550, 
SSI ■ 

fixture for grinding, 55 1 
formulas for depths, S47, 549 
holders, 582/-585 
making, 547-55 2 
standard blanks for, S82/-587 
standard sizes for different ma- 
. ^ chines, 581, 584, 585 
with threaded holes, dimensions 
of, 586 

Circular ring, rule for area, 592 
Circular saws, for aluminum, 468 
for brass, bronze and copper, 468 
feeds and speeds, 466 
for fibers, 361 
for hard rubber, 360, 469 
number of teeth, for various 
materials, 459, 468, 469 
f9r soft-metal sheets, 468 
circular segments, 935<i“938/ 
Circular work, finding diameter with- 
out center, 12 13-12 17 
flat square method, 1214-1216 
Circular-pitch helical gears, 280-282 
Circumferences and areas of circles, 

I143-1154 

Circumferences and diameters of 
circles, 1 155 

Circumferential speeds, of grinding 
wheels, 503-504 

tables, feet per minute, 979-984 
Clamp, ^ cam, for jigs, 889 
Clark rivets, 710 
Classification of files, 196-200 
Classification of locomotive repairs, 
standard, 1 166, 1 167 
Clearance, for broach teeth, 641 
in broaching square holes, 643 
in circular forming tools, 548-549 
die and punch, 597-609 
in dies due to grinding, table, 60s 
in dovetail forming tools, 547-549 
for drill-point grinding, 121-124 
for grinding angles of milling cut- 
ters, 376, 476* 477 
Clearance, eccentric, on reamers, 
161, 162 

in hollow mills, taper for, 543 
in interchangeable manufacture of 

£ arts, 725 
and die, 597-609 
for accurate work, 597 
for boiler work, 599 
for different machines, 606-60S 
for different thickness and ma- 

^ for monel and nickel, 630 
in reamers, kinds of, 160-162 
^ tables for grinding, i66-i68 
m screw-machine work, 577 
of wrench, spacing of nuts for, 840 
Clearance angles, for dovetail form- 
ing tools, 547, 548 
on milling cutters, 376, 476, 477 
for vanous matenals, 476 
Clearance drills, 152 


Clearances for aircraft engine 
Pratt & Whitney. iX 
for automobile engine parts, 1 
1164, 1165 ’ 

of gear teeth, 1426 
Cleve^md automatic, capacity of 

rliSh 393 

Uimb nobbing, 292, 294 

Clock brass, composition and use<? 
1064, 1070 

Close-fit screw threads, defined 6-’? 

tables, 10719 ’ ' 

Cloth polishing wheels, 524 
Cloudburst hardening of steel, 10^ 
Cloudburst hardness test, 1054 
Clove>itch, for guy lines and rk- 
gmg, 1 100, iioi ■ 

Coach screws, 701 
Coarse-thread and fine-thread series 
standards for screw heads, 666’ 
Coarse thread series, American 
National, 8-15, 25 ' 

Class I, loose fit, 10-15 
Class 2, free fit, 10-16 
Class 3, medium fit, 10-15 
Class close fit, 10-15 
_ measuring with wires,' 69-71 
Coarse-tooth milling cutters, 177 
380 ' ' 

Brown & Sharpe tests, 379 

Coated electrodes, cutting with, 216 
Cobalt, effect of, in steel, 101 1, 1030 
properties of, X073 
in Stellite, 1033 

weight per cubic inch and cubic 
foot, 1073 
Cobalt tools, 1035 
Coinage alloys, 1072 
Coining dies, 1271 
Coming press, 1304 
Cold chisels, 1263 
Cold cut-off saws, motors for; 994 
Cold-drawn seamless tubing, toler- 
ances, 950, 961 

Cold-drawn steel, tolerances, 964, 
966 

Cold-finished shafting, standard 
_ diameters and lengths, 897 
Cold-finished steel bars, tolerances, 

Cold-saw cutting-off machines, 

' . .speeds, 459 

Cold working of steel, hardening by 

_ cloudburst method, 1033 

Collar pin, 1301 

Collar screw, 1312 

Collar stud, 1318 

Collet^ spring, 1312 

Color code for marking steel bars, 

1051-1053 

Colors, in case hardening, 1040 
_ of heated steel, 1033 
Columbium, weight per cubic inch 
and cubic foot, 1073 
Combin, 482 
Combination dies, 1273 
Combined pipe tap and drill, 184 
Commercial abrasives, 480 
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Commerdai brass, composition of, 
1064 ^ . . . 

Commercial bronze, composition of, 

Commercial grinding, examples of, 
480 , , , 

Commercial ground-thread Jtaps, 
173, X7S. 178, 181 

Commercial matenals, tolerances, 

960,967 . , 

Commutators, gnndmg wheels for, 
S07 

Comparison of hardness numerals, 

1056-1059 ^ ^ 

Comparison of standard linear 
units, English and metric, 1117 
Composite gear-tooth systems, 
A..S. A. Standard, 236-238 
Co mpodtion of bronzes, Navy De- 
pai^ment, 1163 

and melting point of fusible alloys, 
210 

of Stellite, 1033 

of white metal bearing alloys, 204 
Composition gears (nonmetallic), 

■ ■"294 ■ 

Compound bending dies, 1220 
Compound gear train for screw 
cutting, 79i 80 

Compound metric and American 
units, table, 1112 

Compound rest, accurate tool-setting 

with, 329 

Co mpound-die construction , 6 1 6-6 1 8 
Compounds for cutting (see Cutting 
lubricants; Threading) 
Compound-wound motors, 986-988 
Compress polishing wheels, 52s 
Compressed air, for drilling cast 
iron, 126 

for operating steam hammers, 

1084 

Compression, strength of different 
materials under, 625-626 
Compression spring, 1316 
Computing tapers, table for, 808, 810 
Concave milling cutters, 401, 126s 
Conductor pipes, dimensions, 639 
Cone, rule for area, 592 
Cone-head rivets, 709 
Connecting rods, grinding wheels 
for, so 7 

Constants, angle, 1 194-1 198 

for angle bends, 597 
for chordal pitch and spur gear 
■ radius, 239 \ ■ 

for converting pitch diameters 
into micrometer readings, 
60-62 

for cutting times, in turning or 

boring, 325-327 

for dovetails, 814 
relation of circles to regular 
polygons, 1212 

for spacing holes in jig borer, 856 
Contact of grinding wheel, arc and 
area of, 498 
Continental dies, 1440 
Continuous-thread stud bolt, 668 


X 


149 s 


Conversion factors, for shaper times, 
based on cast iron time table, 
' ■ 345 
water, 1120 

Conversion table of hardness nu- 
merals, 1058 

Conversion tables, English and 
metric measures, 1108 
fractions of inch to millimeters, 
liii, 1112 

inches to millimeters, 1109 
millimeters to inches, 1 1 10 
surface speeds and r.p.m., 330, 572 
temperature, 1023, 1024 
Convex milling cutters, 40 1 , 1 26s 
Coolants (see Cutting lubricants) 
Coolants for grinding, 495, S3i 
Cooling hot bearings, 999 
Coordinates for jig borer, 856 
Copper, composition and properties, 

1071-1073 

for diamond laps, 538 
grinding wheels for, so 7 
lubricants for all operations on, 
^ 336-3:59 , , . A 

for drawing and punching, 629 
for reaming, 329 
for sawing, 468 
for tapping, 337-339 
for threading, 193, 33 S -337 
reamers for, i6s 
saws for, 468 
sheet, tolerances, 1068 
for threading, 194-19S, 568-571 
strength of, 625 

weight per cubic inch and cubic 
foot, 1073 

Copper alloys, 1063-1071 
composition and characteristics, 
1063-1065 

journal bronze. Navy Depart- 
ment speciff cations, ro6s 
S.A.E., uses, 1067 
wrought, 1069^1071 
Copper bars, weight per foot, 955 
Copper castings, shrinkage, 1074 
Copper pipe, threading speeds for 
(F.P.M.), 567 

Copper plates, American or Brown 
& Snarpe gage, weight, 947 
Birmingham or Stubs’ gage, 
weight, 953 

Copper sheets, decimal thickness 
table, 959 
weight, 948, 949 

Copper wire, American or Brown & 
Sharpe gage, weight, 952 
Birmingham or Stubs’ gage, 
weight, 953 

Core, definition of, 1004 
Cored holes, allowance for, 1186 
Corner, square, laying ©ut, 934 
Corner angle, face milled, 380, 381 
Corner-rounding cutters, 401, C26s 
Comer-welded joints, 223 
Corolox, 482 
Corowalt, 482 
Corundum, 480 
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Cotter milling cutter, 126s 

Cotter pins, British Standard, yi-?, 
, 716. 807 

GenwaV Motors standard, 694 
, b.A.B. Standard, 694, 695 
Counterbores with inserted pilots. 

' .ry ' " ' 

Countersunk rivets, U.S, Navy, 707 
Coupling nuts for punches, U.S. 
Navy, 620 

Couplings, A. P. I., for oil-well casing, 
104-107 

A.P.i. for oil-well drill-pipe, io8-* 
116 

fire hose, 114 

Courtland wheel grade markings. 

Cracks, Magnaflux method of 
detecting, 1055 
Crane signals, 1479 
Cranes and hoists, motors for, 995 
Crankpin fits and tolerances, auto- 
mobile engine, ir6s 
Crankpins, locomotive, chart for 
^ turning speeds, 1172 
fits, 1185 

pressures for mounting, 1179 
turning allowances for heavy 
pressures, 1181 

Crankshaft drill points, 124, 125 
Crankshaft drills, 129, 132 
Crankshaft lap:^ing, S39 
Crankshafts, airplane engine, fits 
and clearances, 1163 
grinding wheels for, 508 
automobile engine, fits and clear- 
ances, 1164 

Crocus buffing composition, 525 
Crosscut files, 197 
Crosshatching, on drawings, 860 
Crossheads, locomotive, limits of 
wear for, 1187 
Crown taps, 191 

Crown-brass practice, locomotive, 
1183 

Crush-dressing grinding wheels, 

^ S4i6~S4id 
Crystallme alumina, 516 
Crystalon, 480 
Cubic measure, table, 1104 
of water, conversion factors for, 

■ 1120. 

Cumberland ground shafting, 897 
Curling dies, 1273 

Current for cutting with electric arc, 
216 

Current polarity, for arc welding, 

- " 221 . 

Curvature of interference bands, 729 
Cutle^, grinding wheels for, S08 
Cut-off tools, screw machine, speeds 
and feeds, 561 

Cutter grinders, uses of , 479 
Cuttw helices (spirals), Brown & 
Sharpe leads, 399 
Cutter mounting, 1407-1411 
Cutter speeds and feeds, milling, 
1403 

Cutters for bevel gears, 362-266 


Cutters ior, aircraft sheet metal 
_ 04od-640« 
die sinking, 1087 

'lie work, 1087 
milling Milling cutters) ' 
for milling steel, angles for/388 
sP^r-gear, for helical-gear cutting; 

Cutting, bevel gear, setover for, 26r 
ot diametral-pitch worms in th^ 
lathe, 85-87 

with electric arc, 216-217 
flame, 213, 214 
of gear blanks, 253 
of gears, methods, 232 
of helical and worm gearing on 
milling machine, 427-431 
of helices on Brown & Sharpe 
universal milling machine 
^ 405&-40S« 

of metric threads, 79, 81 
oxyacetylene, 211-215 
with Airco machines, 213 
with hand blowpipe, 214 
neutral flame, 212 
of rack teeth, on Cincinnati mill- 
ing machine, 457, 458 
of screw threads, lathe geared for 
. 77-87 

Cutting angles, of lathe and planer 
tools, 322, 323 
for turret tools, 1446 
Cutting compounds {see Cutting 
_ lubricants) 

Gutting discs, for metals, 470 
Cutting edges, of reamers, 160 
_ for tools, improved, S28a-S28& 
Cutting feeds, for various materials, 

, 340-344 

Cutting fluids, application chart, fox 
machining various materials, 
336-339 

Cutting life of milling cutters, 378 

Cutting liquids, 1418 

Cutting lubricants, application 

chart, 336-339 

for broaching, 642 

for core barrel bits, 1378 

for drawing, 629-630 

for drilling, 126, 141, 145, 347 

for face grinds for die chasers, 193 

for h9ning, 531 

on milling cutters, 1412 

for turning and boring, 329, 353, 

, ^078 

Cutting methods for aircraft sheet 
metal, 640e“64oZ 
profiling, 640/-640g 
routing, 64oe-640/ 
sawing, 640^-640^ 
shearing, on Hydro press, 640/c- 
,640/ 

in punch press, 6407-640;^ 
rotary, 640^^407 
straight, 640/1-640^ 

(See also Aircraft sheet-metal 
_ . cutting methods) 

Cutting speed conversion table, sur- 
face feet to rpm, 330 
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Cutting speeds, for cemented car- 
bide milling cutters, 376, 380, 
384.387,391 . ^ ■ . 

for cold-saw cutting-o£E machines, 
460 

formula for, 327 
for high-speed saws, 466 
of planers, 930 
rotary, 328 

for Stellite cutters, 396 
table for estimating, 340 
for various materials, 340-343 . 
Cutting time, constants for turning 
and boring, 325-327 
for standard shaper, table of, 344 
Cutting tools, for aluminum, 354 
for turning and boring, angles for, 

324 

types, 321-325, X321-1323 , ^ 
Cutting-off saws, holding work for, 
473 

Cutting-off tools for automatics, 576 
Cutting-off wheels, abrasive, 522 
Cyaniding, definition, 1004 , 
Cycloidal gear tooth, definition, 230 
Cylinder bores, automobile engine, 
clearance, 1162 

Cylinders, airplane, fits and toler- 
ances, 1163 
honing, S3i 

automotive, grinding wheels for, 
S08 

Cylindrical bores, honing, 531 
Cylindrical grinder, uses for, 479 
Cylindrical grinding, examples of, 
480 

stock allowance in, S17 
Cylindrical shells, finding blanks for, 
588-591, S94 , . 

Cylindrical work, lapping machine 
for, 540 


Dardelet self-locking thread, 42 
Davenport automatic, capacity of, 
5825 

Decimal equivalents, of fractions of 
an inch, 1118, 1119, 1127“ 
1128 

in millimeters, nil, ms 
of fractions of inches, in feet, 1125, 
1126 

of fractions of millimeters, in 
inches, 1113, 1114 
of fractions and nearest 64ths, 
1122-1124 

of fractions in various terms, 1131, 
" 1132' 

of incheSj in feet, 1125, 1126 
in millimeters, 1 1 16 
of millimeters, in inches, iiio, 

■ 1114" 

of prime-number fractions, 1121 
Decimal thickness table for sheet 
copper, 959 
Deck bolt, 1257 
Dedendum, 230 


Deep-drawing of monel and nickel, 
630' 

Deep freezing, 1010 
Deep-hole dnlling, 1363-1367 
Degrees obtained by opening of two- 
foot rule, 932 

Depth, of thread, American form of, 
54 

formulas for measurement, ss 
of holes for studs, 693 
of keyways, total, table for find- 
ing, 893 

of tooth, for broaches, 641 

cut with Brown & Sharpe 
involute cutters, 254 
Detroit wheel-grade markings, 485 
Diagram of 4S-degree helical gears, 

277 . 

of bobbing machine layout, 270 
showing angle constants, 1193 
of tolerances and allowance, 72s 
Diamantite, 482 

Diameter, of broken gear, finding, 
1216, 1217 

finding without center, 1 2 1 3-1 217 
flatsquaremethod, 1214. 1216 
Diameters and areas of small drills. 
1^7-139 . ^ 

of circular forming tools, Brown & 
Sharpe, S47. SS3-S54 
tables for calculating, 55S-559& 
of grinding wheel spindles, mini- 
mum, 492 

pitch, of standard gears, 250, 251 
of screw threads, 2 
of shell blanks, finding, $88-591 
table, 594 

of sprockets, standard pitch, 312 
Diametral and circular pitch, of gear 
teeth, corresponding, 235-238 
Diametral pitch, of gear teeth, 
formulas for, 234 
laying out, 244-246 
Diametral-pitch worms, cutting in 
lathe, 85-89 
lead gears for, 86-89 
Diamond core-drill fittings, 1374 
Diamond grinding wheels, 478-478&, 
493 

speeds and feeds for, 523 
truing, 523 

Diamond hone for negative rake 
carbide cutters, S28& 

Diamond laps, 537-538 / 

Diamond powder, use as abrasive, 
537 

Diamond turning tools, 364 
data on, 366 

Diamond wheels and laps for sharp- 
ening carbide tools, 371 
Diamonds for truing grinding wheels, 
; 493-495 
Dicarbo, 482 

Die casting, limits, in draft, 1076 
in number of threads, 1076 
in sizes of holes, 1076 
in variation from drawing 
dimensions, 1076 
in waU thickness, 1076 
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Die casting, limits, in weight, 1075 
metals used in, 1074-1076 
Die castings, alloys, aluminum-base, 
1075 

lead-base, 1075 
tin-base, 1075 
zinc-base, 1074 
brass, 1076 

Die chasers, face grinds, 103 
Die clearance, between blanking 
punch and die, 597-600, 604 
tables of, 606-608 
for boiler work, 599 
for different raaterials, 598, 604 
due to grinding, 603, 60s 
for hot flanging tools, 609 
Die construction, compound, 616- 
618 

Die holder, revolving, 1312 
Die sets, standard, classification 
sheets, 610-6 14 
names of parts, 614 
Die and tap threading speeds, 560 
Die and topi work, oilstones for, 530 
Die wear, in drop forging, 1092 
Die-cast metals, reamers for, 165 
Die-draft equivalents, in drop forg- 
ing, 1090 

Dies, acorn, Brown 8c Sharpe, 560 
automatic, cutting speeds, 561 
bending, 1270 
laying out, 596 
blanking, 1271 
bulging, 1271 
burnishing, 1271 
chamfer on, 187 
coining, 127 X 
combination, 1272 
compound, construction of, 616, 
617, 1273 

compound bending, 1270 
continental, 1440 
magnetic, 1440 
pad form, 1441 
soft metal, 1443 
cupping, 1273 
curling, 1273 
dinking, 1273 
double action, 1274 
for double-action press, 609 
for double-action sub-press, 610, 
611 

drawing, 1274 

drop forging, design of, 1089-1091 
draft m, 1085-1090 
fluid, 1275^ 
follow, 127s 
gage pins for, 6x6 
gang, 1275 

grinding wheels for, 509 
heading, 1276 
hot, lubricants for, 630 
index, 1276 

insert, for drop forging, 1095 
machine forging, 1096 
multiple thread, X74 ♦ 

perforating, 598, 1276 
piercing, S99* 1276 
(Ste also Punches) 


Dies, prong, 1270, 13x2 
punch press, 597-619, 1270-1270 
redrawing or reducing, 1274 
nveting, 1277 

for rolled-thread process, 40 
for screw machines Screw 
machines) 
screw plate, 1269 
sectional, 1277 

shaving, allowances for, 602. 60:1 
shearing, 1277 ^ 

effect of, 603 
split, 1277 

spring, 544, 545, 1270, 1312 
standard sets, classification of 
610-61S * 

stops for, 611, 612, 614, 61S 
stripper plates for, 612-614, 617 
steppers for, 615 
sub-press, 6x0, 611, 1277 
swaging, 1277 

taper caused by grinding, 60s 
tngger stops for, 615 
trimming, 1278 
triple action, 1278 
wiring, 1279 

Diesel-engine wear limits, i i86<z 
Die-smking cutter at work, 1087 
Differential indexing, on Brown & 
Sharpe milling machines, 432 
formula and table for, 434-453 
_ general principles, 433 
Differential and non-differential 
methods of bobbing, 271 
Dilecto, 1081 

Dimension lines on drawings, 859 
Dimensioning, of dovetail slides and 
gibs, 809, 812 
of tapers, 859 

Dimensions, for adapters, 826-828 
for arbors, 875 

chordal, for multiple spindle 
heads, 8ss 

of circles and squares, rules for 
finding, 589 
of keYS, 891-896 
for miter gears, 259, 260 
for spindle noses, 865-874 
for splines, 909-922 
for taper fittings, 924 
for tool shanks, etc., 887-888 
for T-slot cutters, 878 
for Woodruff keys, 899-908 
Dimensions and tolerances, for 
bearer mountings, 836-839 
for bushings, 829-831 
for keys, gib-head, 896 
plain, 891 
plain taper, 895 
for shafts, 897 
for T bolts, 878, 881 
for T nuts, 879 
for T slots, 877, 880, 882-883 
Direct-current motors, 985-987 
Disappearing gage pins for dies, 616 
Disc grinder, 1288 
Disc polishing wheels, canvas, 525 
Discs, metal cutting, 470 
for taper gage, 786-789 
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I Disston metal-cutting band saws, 

' ' '' ' 470 ' ■ ' 

data for different matenals, 472 
1 Dividing head. Brown 8 c Sharpe, 
arranged for differential 
indexing, 432 

milling cams by gearing with, 
40Sg . 

Cincinnati, wide-range divider 
for indexing, 4S4”4S4/ 

Kearney 8 c Trecker, astronomical 
attachment for indexing, 455 
hypoid, 4SS 

use of, 454/ /r, yn 

Dog points for setscrews, 683, 684 
Dogs, lathe, 1279 • . 

Dolly bar and rivet set impression 
cone head, 709 

pan head, 710 
Double depth of thread, 83 
Double overhand knot, 1097, 1099 
Double-acting sub-press, 610, 611 
Double action dies, 609, 1274 
Double-cut files, 196, 197 
Double-end stud bolt, 665 
Double-end tool-post wrench, 1326 
Double-shoulder screw, 1314 
Douzi&me, unit of measurement, 192 
Dovetail forming tool blanks and 
holders, 582%, s87&-S87d 
American standard dimensions, 
581, 586-587 

angle of master tool for making, 
SSO ^ 

clearance of, 547 
depths of cut, 548, 549 
diameter of, 547 
finishing, 550 

fixture for planing, 549, 550 
making, 547-551 
Dovetail forming tools, 1311 
Dovetail milling cutters, 1265 
Dovetail slides and gibs, table for 
dimensioning, 809, 812 
Dovetail tool blank, s87d _ 
Dovetails, external and internal, 
measuring, 809, 813-814 
Dow metal, reamers for, 165 
speed for reaming, 169 
strength of, 625 
Dowel, 1313 
Dowel pins, 1302 
drills and reamers for, 152 
Draft, in die castings, 1076 
in drop-forging dies, 1085-1088 
die-draft equivalents, 1090, 
XO9I, 

dimensions of, 1086 
standard angle allowances, 1086 
Draw-in bolts for standard milling- 
machine spindles, 87s 
Drawing, of monel, 352, 1081 
Drawing dies, 1274 
for shells, 609 

shell-blank diameters, S88-S9I» 
S94 

shell-blank formulas, 590 ^ 

Drawing lubricants, for aluminum, 
monel, nickel, zinc, 630 


Drawing lubricants, for brass, cop- 
per, steel, 629 

Drawing-bath mixtures, for steel, 
1026, 1027 

Drawing-room . practice, Americau, 
857-860 

Drawing-room and shop standards, 

828-939 

Drawings, conventional lines used 
, on, 857 

dimension lines, 859 
dimensioning tapers on, SS9 
sections, conventional, 860 
showing broken parts, 858 
third-angle projection, 857 
thread symbols, 860 
Drawn work, finding blanks for, 

588-591 

Dressing grinding wheels, crush 
method, 54i&-S4id 
Dressing tools for grinding wheels, 
493, 1288 

Dressing and truing grinding wheels, 
493-495^ 

diamonds for, 493 
Drill fittings, diamond core, 1374 
Drill jig bushings, standard, liner, 
831 

press fit, 829 
renewable wearing, 830 
Drill pipe (A,P.I.) for oil well work, 
103, 108-110 

Drill points, definition, 121 
len^h, 153 

for various materials, 139S 
Drill rod, not tempered, strength of, 
626 

tolerances on, 960 
Drill shanks, kinds, 118, 120 

Drilling, 1 18-153 
of Bakelite, 126, 1082 
deep-hole, rifle barrel, 1363-1367 
of fiber, 361 
in Ford plant, 343, 344 
of hard rubber, 360 
hardened steel, 147 
horse-power required for, i3 5 , 998 
of Micarta, 357 

on multiple-spindle machines, 

^ 1417143 

with stainless steel, 371 
Drilling heads, multiple-spindle. 

adapters for, 925-928 
Drilling machines, motors for, 994. 
9p8 

radial, 1281 
vertical, 1282 

Drilling troubles, causes and rem- 
edies, 127, 128 

Brill-point gnnding, i 21-124 
Drills, clearance of, 121, 124 
Drills, for Ampco metal, 1329 
clearance or body, 1 52 
cutting and clearance angles, 
120-122 

cutting compound for, 126, 141. 

145. 339. 349, 371 ^ 

diameters and areas of small, 
I37-X39 


X 
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Drills, for dowel pins, 152 
end lengths^ IS3 
fluted, 129, 132 
grinding wheels for, 509 
Grobet high-speed flat, 136 
helix angle, 1 19, 120, 122-124 
high-speed steel, speeds and 
feeds for, 134 
kinds, 1280, 1308 
lips, ^122 

lubricants for, 126, 141, 145, 339, 
349, 371 

names of parts, 119-121 
point-grinding of, 1 21-124 
points, 124-125, IS3 
for reamed holes, allowance in 
size, 141 

for screw machines, speeds and 
feeds, 562-564 

for self -tapping screws, sizes, 
690-692 

sizes, how designated, n8 
sizes, preferred, 145 
special, types and uses, 129 
speeds, by fractional size, 133 
by letter size, 133 
by number size, 130 
speeds and feeds, chart for esti- 
mating, 140 

on various materials, 125-126, 
134, 142, 14s 
tap, dimensions, 147 
sizes, American machine-screw 
threads, 148 

American threads, 148-150 
Bntish, 152 

sizes and dimensions of machine 
screw heads, 666 
for uniform pitch thread series, 

. tSi 

for taper-pin holes, 141, 144 
for tapped holes, 1381 
tmnning the web, 124, 127 
thrust loads on, 135 
tungsten-carbide, speeds for, 145 
two-hp gun, 134 
for various purposes, 132 
for watch-screw taps, 189-191 
{See also Twist drills) 

Dnve, chain, Link-Belt silent, 307, 
308 

Morse, 309, 310 

sprocket speeds and chain, 
velocities, 314 
lex rope, 974 

^rive fit allowance, in dowel pin 
dnlls and reamers, 152 
for nonmetallic gear bore, 294 
Dnve fits. Brown & Sharpe, grind- 
. mg limits for, 768 
tight fit (class 6), 738, 744 
Dnves, machine, individual vs 
. group, 990 

Dnving axles and driving box fits, 
locomotive, 1185 

Dnving boxes, locomotive axle fits 
m, 1185 

crown brasses for, 1182-1184 
limits of wear in, X187 


Driving boxes, taper of flanges fn. 

roller beanngs, 1182 ses for 
^ taper of wedges and flanges i 
D riving wheels, locomotive, siirinl 

^ , mg tires on, 1175. 

Dnvin^-wheel tires, locomotive bor 
ing and turning, 1 167-1 

chart for turning, 1171 
wear allowance, 1170 
Drop-forging data, 1089-ioos 
Drop-forging dies, draft in. io8?- 
10S8. 1090-1094 ’ mss- 

laying out, 1089, 1091 
maldng type for, 1086-1088 
Shrinkage allowance, 108 s 
swaging, 1088 

Drop-forging hammers, 1088 
Drop-forgmg insert dies, 1095 

Drop forging’s tolerances, for draff 
angle, 1093 
for fillets, 1095 

^o^othickness and shrinkage, 

Drum cam, 1261 
Dry-ice fits, 783 

Dry measure, table, I los 
Duralumin, annealing, 1079 
composition of, 1079 
heat-treatment for, 1079 
lubricants for turning, 1080 
machining, 1079 
properties of, 1078 
strength of, 62s 

Duronze, composition and machin- 
^ mg, 1066 
Durnbit, 482 

Dust-exhaust hoods for grinding 
machines, 488 


Edge cam, 1261 
Edge- welded joints, 223 
Dight-pitch thread series, American 

- National, 28. 32. 33 

Electric arc, cutting with, 216, 217 
Electric lamp bases, 1351 
Electric motors for machine tools 
{see Motors) 

Electric welding, 217—227 
arc (see Arc welding) 
atomic hydrogen process, 217, 218 
resistance process, 217, 218 
Electncal power compared with 
_ 5 >^echamcal horse-power, 968 
Electnt, 482 

Electrodes, coated, cutting with, 216 
for shielded-arc welding, 210. 
220, 226 

_ speed of cutting with, 217 
Electrolon, ^482 

Electroplating, effect on bolt and 
nut threads, 71 

Elements in alloy steels, functions 
.of, 1031 

Elmn watch-screw taps, 189, 190 
Ellipse, area, rule for finding, 592 
Elliptoid tooth form, 1438 
Emery, 480 
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Bnd on centerless grindei , 520 
End lengths of drills, IS3 
End naills, 396, 399, 126s 
Brown Sc Sharpe, 385 
fishtail, 1266 
grinding, 47S, 47d 
Morse, $Ss 
shell, 400. 1268 
small, 1418 

Engine lathe (illus.) , 1294 
parts, 1296 

Engine parts, for airplanes, fits and 
tolerances, 1163 

for automobiles, fits and toler- 
ances, Ford, 1164 
Lineoln Zephyr, 1165 . ^ 

(See aZs'O Autombbile engine) 
English and metric conversion 
tables, measures of capacity 
and volume, 1108 
measures of length, 1108 
of surface, 1108 
of weight, 1108 

Enlarged pinions, measuring with 
wires, 252a-2S2& . . 

Epicycloidal gear tooth, definition, 

■'230, ' , 

Equivalents, die draft, 1090, 1091 
Errors shown by optical flat, 727- 
732 

Estimating, lumber for patterns, 932 
machining time, 340-346 
milling time, 403 
screw machine work, S77, 578 
speeds and feeds of drilled work, 
140,141 

Etching fluid, 1061 
“ Even gearing of lathe, 77 
Bverdue, composition and uses, 
1064, 1080 

Exhaust hoods for grinding ma- 
chines, 488 

Expanding alloy, composition and 
melting point, 210 
Expansion bolt, 1256 
Expansion fits, definition, 781, 1283 
for various metals, 783 
Expansion reamers, IS4 
names of parts, 158 
External and internal dovetails, 
813, 814 

Extra-fine screw-thread series, 25-27 
basic dimensions, 25 
tolerances, free fit, 16-17 
medium fit, 26-27 
for nuts, 26-27 
Eye bolts, 702, 703* 1256 
safe loads for, 1102 
Eyelet brass, composition, and uses, 
1064 


Face cam, 1262 

Face-milling cast and malleable iron, 

389 

Face-milling cutters, 383, 386, 394, 
1266 

mounting, 1401-1411 


Face-milling steel, chart for feeds 
and speeds, 386-387 
Pace mills, for accurate work, 1466 
carbide, 377, 378, 38s, 392 
Cincinnati data and tests, 380- 

, . , 383, 386 
high-speed steel, 378 
Kearney & Trecker data and 
tests, 390-393 

negative rake, 377, 380, 382, 385, 
393 . 

(See also Negative rake cutters) 
rake, “ Axial,” “ Radial,” ” True,” 
and Corner angle, 380-382 
used in tests, 392 

Faceplate for multiple-thread cut- 
ting, 84 - . 

Faces of grinding wheels, standard, 
S02 . 

Factors affecting carburizing of 
steel, 1038 

affecting selection of grinding 
wheels, 496 

of safety, for various materials, 
939 

Fahrenheit and Centigrade con- 
version tables, 1023-1024 
Farmer drill, 132 
Fastenings for belts, 974-976 
Faults in hardening, and means of 
correcting, 10 19-10 20 . 

Federal services, screw thread stand- 
ards and wire measurement 
practice, s8a 

Feeding the work in milling, 39 ^ 
Feeds, for aluminum, 343 
for brass, 342 
for bronzes, 342 
for drilling in Ford plant, 344 
for fiber, 361 
for hard rubber, 36 X 
for iron and steel, 340-342 
for machine-steel forgings, 341 
for milling, calculating, 376 
of milling cutters, 377 
tables, 38s 

Feeds and speeds (see Speeds and 
feeds) 

Peeler gage, 1284 . 

Fellows gear shaper, for cutting 
rack teeth, 232, 320 
stub tooth gears, 247-248, 1438 
Pelt polishing wheels, 524 . „ . 

Fiber, bending, forming, milling, 
punching, sawing, shaving, 3 <>2 
strength of, 62s ^ 

turning, threading, dnllmg, 361 
Piles, angle of cut, 196, I99 
characteristics, 196-197 
groups, I97-t99 
for hardness test, lOSS 
length, how measured, 196 
machinist’s, 198* 1477 
miscellaneous types, 198 
parts, 196 
rasps, 198 
recutting, 199 

^ rotary, speeds of , 200 

saw, 197 


I 
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Piks,_ single and double cut, 197 
Swiss pattern, 199 
tooth spacing, 197 
vixen, 199 

Fillet welds to replace rivets, length 
of, 224 

Fillets, areas and volumes for figur- 
ing weight of, 933 
on drop forgings, 1091 
r illister-head capscrews, head di- 
_ mensions, 656 

Fillister-head machine screws, head 
dimensions, 653 
^ American Phillips, 660 
Finding bevel-gear angles, 264, 26s 
rinding diameter, of broken gear or 
pulley, 1216-1217 
of circular work without center, 
1213, 12x4-1216 

of shell blanks, 588, S90, 591. 594 
rinding dimensions of circles and 
squares, 589 

Finding total keyway depth, table 
for, jS93 

r me and coarse thread series, tap 
dnlls and screw heads for, 
666-“667 

^ii^e-pitch gear tooth parts, A.G.- 
M,A. recommended practice, 

27sd-27s^ 

rine-pitch gears (enlarged pinion), 
A-G.M.A. tentative standard 
for 20-deg. pressure angle gears, 
2S2a 

rine-^itch hobs, Barber-Colman 
otandard, 275-2750 
gear tooth parts, A.G.M.A. 
recommended practice, 27 sd- 

V ■ 

limit chart, 275^; 
size and operation, 27sa-27S& 
Fine-thread screw, bolt and nut 
dimensions, 682 

Fine-thread series, American Na- 
tional, 16-19, 20 

Fine-tooth cutters, compared with 
coarse-tooth, 376 

Finish of work, milled surfaces, 376, 

. .379 

Finished hexagon capscrew heads, 
672 

Finishing surfaces, superfinish, 540 
Fire-hose coupling, threads, 1 14-117 
Fire hydrants, caps, thread dimen- 
,sions, 11$, 116 

nipples, thread, dimensions, 115, 
117., ■■ ; ■ ■■ ■ 

Pirthite tungsten carbide tools, 367 

Fishtail cutter, 1266 

Fits, allowances and tolerances for. 

. 732-735 
formulas for, 754 
of ball and roller bearings, 835, 

British Standard, 769—771, 774— 

cla^fication of standard, 738-754 
drive, 726 


Pits, drive, grinding limits for, 768 
(See also Pits, tight) 
expansion, 781, 783 
force,^heavy, 736, 738 
table of, 750, 752 
force, medium, 736, 738 
table of, 746, 748 
free, 736, 738 
table of, 740 

grinding limits for different classes 

TO A 767~769 ^ ’ 

ibA system international stand- 
ards, 7SS 

tor interchangeable assembly 

739-742, 7S4 ’ 

in locomotive work, , A.A.R 
standard allowances for differ- 
ent kinds, 1186 

determined by pressure method 
. 1177-1180 
in repair shop, 1185 
taper, 1181 
tires, II74-II7S 
10086,726,736,738 

table of, 739 
medium, 726, 736, 738 
table of, 741 

press, checking by rock of pm 
gage, table, 724 
making, 780 

running, checking by rock of pin 
gage, 722, 723 
grinding limits, 767 
large allowance, 738, 739 
liberal allowance, 738, 740 
medium allowance, 738, 741 
for selective assembly, 743-754 
shnnk, 736, 738 
making, 780 
stable of, 750, 752 
sliding, allowances for, 783 
snug, 726, 736, 738 
table of, 742 
standard, 736, 738-7SS 
of studs, 187-189 
in aluminum, 189 
in cast iron, 188 
taper, 781 
tight, 736, 738 
table of, 744, 745 
wringing, 736, 738 
table of, 743 

Fits and clearances for airplane 
engines, 1163 

Fits and clearances for automobile 
, engines, Ford, 1164 
^ Lincoln Zephyr, II 6s 
for locomotives, 1x85 

Fits or screw threads, American 
National classification, 6-35 
coarse-thread series, Class i, 
_loGse fit, 6, 10-15 
Class 2, free fit, 6, lo-is 
Class 3, medium fit, 7, 10-15 
Class 4, close fit, 7-10-15 
extra-fine thread series, basic 
data, 25-27 

nut dimensions and toler- 
ances, 26-37 
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Pits of screw threads, American 
National classification, 
fine-thread series, Class i, 
loose fit, 16-19 
Class 2, free fit, 16-19 
Class 3, medium fit, 16-19 ' 
Class 4, close fit, 16-19 
terms relating to classification 
. of , 3 ■■ 

British standard fine, close fit, 39c 
free fit, 39^ 

medium fit, 39^ 

British standard Whitworth, free 
fit, 39<3^ 
close fit, 38 
medium fit, 39 

Fits and tolerances, for Bower roller 
bearings, 838, 842 , 

for New Departure Radax bearing 
mounting, 836, 837 
Fitting and measuring, 718-784 
Fittings, serrated shaft, S.A.E*. 923 
Fittings, taper, S.A.E., 923, 924 
Fixed points for thermometer cali- 
bration, I02S 
Flame cutting, 212-215 
by hand,^ 214 
by machine, 212 
width of kerf, 1446 
Flame-hardening gear teeth, 143? 
Flanging tools, hot, die clearance for, 

609 

Flaring pans and measures, dimen- 
sions, 639 
Flash welding, 218 
Flat, optical, measuring with, 727- 
732 . . . 

principle of wedge of air, 729 
testing amount of fiatness error, 
728 

testing gage blocks with, 730 
Flat drills, Grobet, 13 S . 

Flat end of thread tool, grinding of, 
53-55 

Flat leather belts, horse-power 
ratings, 970-974 
Flat surfaces, lapping, S30-S34 
Flat work, large, carburizing, 1041 
Flat-head Capscrews, head dimen- 
sions, 6S4 

Flat-head machine screws, American 
Phillips, 657 

Flat-head screws, head dimensions, 

649 

Flat-head wood screws, 696 
Flaws, detecting with Magnaflux 
method, 1055, 1056 
Flexible grinding, 524-527 
abrasive grain used, 526 
vs. solid-wheel grinding, 524 
Fluid dies, 127S 
Fluid for etching steel, 1061 
Fluids, cutting {see Cutting lubri- 
cants) ^ 

for use in grinding, 495 
Fluted-socket capscrews, 688 
setscrews, 683 
Flutes of reamers, 163 


Fluxes, for oxyacetylene welding and 
brazing, 2isa-2i6 
for soldering, 1379 
for welding, 212 
Ply cutters, definition, 1266 
Fly tools for worm gears, 274 
Fly wheels on milling machine 
spindles, advantages, 376 
Follow dies, 1275 
Force fits, grinding limits for, 768 
pressures required for, 781 
Ford cylinders, boring data, 343 
Ford 8s-horse-power engine, fits and 
tolerances, 1164 . 

Ford Industries, steels used in, 1046- 
X049 , . 

Ford plant, drilling and boring in, 

Forget\ools, definition, 322 
Forging, aluminum alloys, 1444 
machine dies, 1096 
swaging process, 1088 ^ 
temperatures for aluminum, 1444 
Forging and forming in aircraft 
work, 1440-1445 

Forging heats, for S.A.E. steels* 1096 
Forgings, drop Drop forgings) 
Form and profile cutters, 405a . 
Form tools for locomotive tires, 
1168, 1169 

Formate gear teeth, 1424 
Formica, 1081 

machining, 356-357 
Forming aircraft sheet metal parts 
on, contouring rolls, 640W-640r 
corrugating and forming rolls, 
640<ir-640r 

deep, draw press, 640^-640^' 
draw bench, 6405-6401! 
drop hammer, 640i-640M 
flanging machine, S40i>-S49S 
hydro-press, 6400-64Of> 
power brake, 640JC 
punch press, 640ttJ-640a; 
shrinking machine, 640i»-640« 
spinning lathe, 64Qn-6400 
stretcher press, 64or-6405 
Forming and forging in aircraft 
work, 1440-1445 

Forming on hydro-press, 618 
Forming tool blanks, circular, 581- 
SSS 

dovetail, 581, s83t $86 
Forming tools, 547-558, 13XX 

circular, calculating diameters of, 
55gHSS9& 

calculations for operating, 553 
chart for, 554 
for cone points, 552 
and holders, s82/-587a 
finding diameters of, 5 55-55 8 
formulas, for depth of cut, 547 , 
548, 549 

for tool diameters, 547-549. 

5596 

. making, 549^5 5 X 
dovetail, dimension of, 586, 587 
formulas for depth of cut, 547- 
549 
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Forming toolsrdovetaa, and holders. 

582 /, 5S7b-5S7d 
malang, 549-551 
master tools for, sso,-'?'?! 
speeds and feeds, 562, 564 

tolerances of threads, i 
rormulas, for cutting speeds, 325- 
. 327 ; 

for ^geanng, 233-234 
for indexing, with Brown & Sharpe 
^aividini^ head, 432-435 
with Cincinnati dividing head, 
.454 

With Kearney & Trecker divid- 
ing heads, 455 

tor ih^suring taper pipe threads 
with 3 wires, II lo-i 1 16 
with 2 wires, II ic-i I id 
for measuring threads with wires, 
.53-73 

Acme^ 29-degree 58/, 60, 71 
Amencan National coarse and 
_ hne threads, $6, 57-64, 71 
British Association, 59, 60, 68 
British Whitworth, 59, 60, 66 
Brown & Sharpe worm threads, 

Boewenherz thread, 58, sSc, 

58jifH5o 

metric threads, s8c-6o 

sharp V thread, 56-58 

for plugs for testing angles, 

, 1209-1211 

for right-angle triangles, table 
of, 1212 

for selecting bevel gear cutters, 

264 

for spur gears, 237-239, 296-298 
lor stub-tooth gears, 248 
for total key way depth, 893 

for worm gears, 300-303 
w wo.rm threads, 298-300, 304 
foundation bolts and washers, 1002 
irracrional divisions in degrees on 
Cincinnati wide-range divider. 

Fractional^ and letter-sise drills, 
speeds for, 133 

Bractions, decimal equivalents of, 
1118, 1119 

and nearest sixty-fourths. 1122- 
1124 

and decimals of an inch, millime- 

- equivalents of, 1 1 15 
of an inch, millimeter equivalents 
of, iin 

of millimeters, decimal equiva- 
. lentsof, 1113 

pnme number, and decimal equiv- 
alents, 1121 

free fit, American National thread 
senes, 6 
tables, 10-19 

Free fits, metal, 736, 738, 740 
Freezing, deep, 1010 
Friction and hot saws, 1473 
Furnace, muffle, 1284 

Furnace atmosphere, oxidizing, neu- 
tral and reduang, 1022 


holders. 208^ 
melting points, 209, 210, 1072 

G",. 

?3o’ 

Gage inspection, 1448 
Gage numbers, equivalent sizes bv 
vanousgages, Birmingham or 
btubs iron wire, 941 
Impenal wire, 941 

Stubs’ steel wire, 940, 04 T 

Trenton Iron Company.%41 
w P^^’^'^ard for plate, 941 
Washburn & Moen Mfg. Co., 

^^^616^^^’ for dies, 

settings for holes in a circle 

for laying out angles, 815 
Gage sizes, for turning work to be 
ground, SI 6, 517 ® 

^ for twist drill and steel wire. 640 

Gage stops, for dies, 61 5 ^ 

Gage systemj Newall, 726 

Gages, Amencan Gage Design Com- 
mittee standard, 759-760 
for Amencan Standard or Bribes 
, pipe threads, 91-94 ® 

tor Amencan Standard straight 
■_ pipe threads, 95 
A.b.M.:B. specifications for plain 
f 75.5-758 

for Bntish pipe threads, III 
cahper, 733, 734 
diamond-point, 765 
definitions, 733 
depth. 1284 

for different materials, 959 
direction of tolerance on, 732 
dnll, 1284 

Elgin Watch Co., 192 
feeler or thickness, 1284 
fpr fire hose couplings, 116 
8® ^-ud ’‘not go,” in inter- 
changeable manufacture, 733 
specifications, 756 
tolerances for, 762 
ending wheels for, 510 
indicating, 733, 734 
inspection, 73 s, 765 
truncated Whitworth form 
. threads, 370-37 w 
lands of, 1284-1285 
limit, A.S.M.E. specifications for 
755,760 

American Gage Design stand- 
ard plug, 759 
standard nng, 760 
standard temperature for, 733 
master, 735 ’ 

measuring with light waves (with 
optical flat), 727-732 
oil well casing, A.P.I., no 
periodical tests, 756 
pm, for bores, 722 
table for, 723. 724 
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Gages, plating with chromium, 763 
plug, 733, 734. 796 
diagram for, 757 
lapping, 336 , 

parts, construction of, 759 
principle of measuring fits by, 
751 ■ 

for standard reamed holes, 577 
for standard tapers, 795 
tolerances for, 767 
receiving, 733, 734 
ring, 733, 734 
lapping, 535 

for standard slow taper, 790 
tolerances for, 767 
sheet, 95P 
snap, 733, 734, 767 
for diameters, 758 
for length, 766 
tolerances for, 757 
surface, 128s 
taper, 785 

formulas for use, 78S--789 
thread, 1285 

tolerances for interchangeable 
metal fits, 764 
on pitch diameter, 76s 
truncated thread, for setting “ go ’ * 
ring-gages, 24 
tungsten-carbide, 765 
types, 755-760 

wear, effect of smooth finish on, 
541 

wear and tolerance of, 760-763 
wire, 959, 1285 
working, 738 

Gaging, automatic and air, 77 x, 780 
of holes by rock of pin gage, 722, 

723 

Newall system, 726 
Gang dieSj 127s 
Gang milling cutters, 1267 
Gas cutting, oxyacetylene, 211-215 
by hand, 214 
by machine, 213 
tables of speed, 213, 214 
Gas-cylindqr threads, 1347 
Gas engine horse-power, AX.A.M. 

(S.A.EJ rating, 968 
Gas welding, 212, 215 
Gashing angles for worm wheels, 
305-306 

Gasoline and steam engines, piston 
ring data, 969, 970 
Gear angle of helix, finding, 248 
Gear blanks, table for turning and 
cutting, 253 
Gear cutters, 1267 
motors for, 994 

Gear cutting, speeds and feeds, 289, 

,.■292:,' ■ 

Gear drives, spiral bevel, testing and 
adjusting, 286-289 
Gear formulas, metric pitch, 255 
Gear measurement by wires, 1427 
Gear motors, 987 

Gear ratio, for indexing on dividing 
head, 432 


Gear shaper, 1315 
Gear shaping, for Bakelite , 1081 
Gear stocking cutter, 1267 
Gear system, angular straight bevel 
gears, 266^-266* 

Gleason straight bevel, 266, 266i 
addendum and circular thick- 
ness, 266c-266d . 

clearance and working depth, 
266 

pressure and face angles, 2666 
proportions of, 266ii'-266d 
Gear table, helical, 284—286^ 

Gear teeth, actrtal size of diametral 
pitches, 24s 

addendum, long and short, 249 
calculations for, 233, 234 
clearances, 1426 
generated on blank, 267 
grinding, 292 
bobbing, 266i~27S& 

(Se« a/ro Hobbing) 
measurement by pins, 256 
modification in form, 232 
parts, 230, 240-243, 27Sd-'27Sl? 
based on circular pitches, 242, 
243 

on diametral pitches, 240, 241 
pitch, corresponding diametral 
and circular, 23s, 240-243 
pressure angles, 246 
Fellows standard, 247 
proportions of, 233-235 
shapes, 230 

shaving, burnishing and lapping, 
292 

Gear wire sizes, 1428-1436 
Gearing, 1424-1439 
total depth of shaved tooth, 252 
Gears, A.G.M.A. Standard key ways 
for, 898 

A.G.M.A. tentative standard, for 
enlarged pinions, 2S2a-2S2& 
A.S.A. Standard composite tooth 
systems, 236 
Bakelite, 294 

bevel, cutter set-over for, 263, 264 
cutters for, 262-266 
finding proportions, 261 
laying out fianks, 260-262 
parts, 259 
planing, 266 

spiral, 231, 232, 286-289, 1285 
cutting on Gleason machine, 

■ 232 ■ 

table, use of, 264-265 
broken, finding diameter of, 1216, 

1217 

• calculations for, 233-234, 237, 
239-243, 247-266, 275-285, 
290.291,293-305 
chordal pitch, constants for deter- 
mining, 239 
definition, 230 

circular pitches and correspond- 
ing diametral, 235, 240-243 
circumferential speeds for, 979- 
984 
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Gears, cutting, methods of. 230, 232 
111 imlling machine, 427-431 
tor cutting screw threads. 78-80 
tor diametral pitch worms, 86-80 
actual sizes of, 244-246 
and corresponding circular 
pitches, 240, 241 
eccentric, 231, 1286 
floptical. 231, 1286 
lull depth, enlarged pinion, 2S2& 
helical, 231, 1286 
circular-pitch, table of real 
pitches, 280-283 
diagram of, 277 
torrnulas, 277-280, 284, 285 
4 S-deg. calculation of, 276-280 
hobbing, 269-273, 27s 
measunng with wires, 2810- 
28 ice 

®Pur-gear cutters for, 281 
table to obtain lead of helix, 
284-285 

teeth, angle of, 1424 
neenngbone, 231, 232. 1286 
nobbing, 2667—275 ‘ 

hypoid, 231, 232, 1286 

internal, broach for, 642 
involute, 238, 254 
1 in, 248 

screw cutting. 80 
Maag, 232 

measuring with wires, 252^-252^ 

metric, 1287 

metric i^itcn, 255 

for milling of cams, tables, 407— 

. 426 ^ ■ V 

milling with formed cutters, 230 
miter, dimensions, 259, 260, 261 
lormulas for, 261-264 
module, 1287 

nonmetallic, A.G.M.A. formulas, 
for horse-power, 296-298 
tor key way stresses, 295 
, for torque, 294 
bore sizes, 294 
.composition, 294 
phenolic formula for horse-power 
296 ^ ’ 

key way stresses, 29s 
pressure angles, 246 
reduced (short addendum), meas- 
unng, 252c-2S2d 

sha^ng, buimishing, lapping, 292 
short addendum, measuring with 
wires, 2524-252^ 
skew bevel, 231 
bobbing, 269 

special^ sizes of wires for meas- 
uring, 2$2d 
spur, 231, 1287 

chordal pitch and radius, con- 
stants for, 239 

com]^site gear-tooth system 
236-238 

corrections for long addendum 
254-2546 

hobl^ng of, 266-269, 272 
involute-tooth, ao-degree, 238 


Gears, spur, m volute-tooth 
^ Brown& Sharpe, 254 
laying out blanks for, 244 
measunng by use of 
255-259 Pms. 

nonmetallic, horse-power of, 

speeds and feeds, 273 
. table of, 290-201 

standard, pitch diameters of; 250, 

>haved ; 

Stub tooth, Fellows standard, 2^2 
247* 248 ' o * 

formulae for, 238, 246-248 
outside diameters, 248 

Sytesfjff =38 

tolerances in, 289-292 
total depth, shaved tooth, 252 

turning and cutting gear blanks 

. ’253 , ■ ' , * 

types, 230-232, 1285-1288 

231 298-306. 1287 
A. practice in designing, 

cutting with fly tdol, 274 
designs of, 303 
formulas for, 299, 300-303 
gashing angles for wheels, 305 

hobs and bobbing for, 273-27«; 
proportions of worm threads 
304 ' 

single and multiple thread 
298-300 ’ 

special,^ handled on hbbbing 
machines, 275 
tolerances for, 293 
(.See also under specific names) 
Gear-tooth caliper, 1260 
Gear-tooth cutters, B. & S. involute 
254 ; 

^ar-tooth gage, 1284 
Gear-tooth systems, 20-degree stub 
involute, 238 

A. ^standard composite, 236- 
Genelite, 1080 

General Motors, carburizing ma- 
tenals, 1039 

forging heats for S.A.E. steels 
1096 

standard cotter pins, 694 
standard specification for screw- 
thread gages, 762 
standard Woodruff key, 902, 904 
General-purpose steel, for welding 
221 

reference tables, 1104-1160 
General shop work, grinding wheels 
_ , for, ■ 5f I 

Generating of gear teeth, 267 
Geneva motion, 1288 
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German silver, composition of, 1072 
stampings, allowances for shav- 
ing, table, '602 
strength of, 625 
Gib-head taper stock keys, 896 
Glass, drills for, 129, 132 
grinding wheels, for, Sio 
weight of, 1106 

Glass gages, 1448 . . 

Glazing of oilstones, prevention of, 
530 

Gleason, angular straight bevel 
gears, parts, data and calcu- 
lations, 266h-266i^ 
spiral bevel-gear drives, 286-289 
straight bevel gear system, 266- 
266j 

addendum and circular thick- 
ness, 266c-266d 
calculations for, 266^-266^ 
clearance and working depth, 
266 

dimensions, 266/-266g 
pressure and face angles, 2666 
proportions of, 2666-266^ 

Glue, for abrasives for polishing, 
,526 _ 

preparing, 527 

“Go” and “not go” gages, 726, 
759-761 

specifications, 7S6 
thread tolerances for, 761-763 
Gold coin, 1072 

Gold, weight per cubic inch and 
cubic foot, 1073 

Gould & Bberhard duplex gear cut- 
ters, 1267 

Grade or hardness of grinding 
wheels, 484 

Grade markings on grinding wheels, 
483, 48s, 486 

Graduations, on micrometer, 720 
on vernier, 718 

Grain, abrasive, for polishing, 526 
sizes (Norton standard), 483 
and grade of grinding wheels, 483 
Grain spacing of grinding wheels 
484 ’ 

Granite, weight of, 1106 
Granulated bone, sizes of, 1042 
Graphitizing, 1004 
Greenlee automatic screw machine, 
capacity of, sS2g 
Gresolite, 482 

Gridley automatic screw machine, 
capacity of, sS2g 

Grinder, centerless, 479, 518-520, 
1289 

disc, 1288 
universal, 1290 
Grinders, classes of, 479 
Grinding, 479-53 1 
arc of contact of wheel, 497. 499» 
500 

of cam machine parts, table of, 
4S1 

carbide cutters, 478-47 8 & 


Grinding, of carbide tools, 368 

on (hamond wheels, 371. 478- 
4786 

negative rake, 52&b 
silicon carbide wheels for, 369 
centerless, amount of cut, 5 18 
end feed, $20 

in-feed and through-feed, 519 
commercial, A79, 480 
with diamond powder, 537-538 
different materials, 496 
of drills, 1 21-127 
dust exhaust for, 488 
face, for dies and taps for different 
materials, I93» 355 
of flat on thread tools, table, 54 
flexible, types of abrasives, belts 
and wheels, 524-526 
of form and profile cutters, differ- 
ence in method, 405^ 
of gear teeth, 292 
of hard rubber, 360 
of hollow shafts in production, 
480, 481 

internal, 520-522 

allowance of stock for, 521 
of milling cutters, 474-478& 
and polishing, 524 
of reamers, clearances, 160-162, 
163-168 

various materials, 165-167 
of sleeves, 480, 481 
solid- wheel vs. flexible, 524 
of spindles in production, 480, 481 
sprayed metal, various kinds, 
S4ia-S4x& 

wheel speeds for various jobs, 498 
work speeds for various jobs, 499, 

1423 

(See also Honing; Lapping) 
Grinding allowances, for bronze 
bushings, 577 
left in turning, SI 6, SI 7 
Grinding data, production, 479-481 
Grinding limits for cylindrical 
pieces, 767-769 
for holes, 769 

Grinding lubricants, for aluminum 
and its alloys, 49s 
for various materials, 336-339 
Grinding machines, classes of, 479 
motors for, 993 

surface, magnetic chucks for, 
517-5x8 
types of, 498 

Grinding wheels, 1419-1424 
abrasives for, 480-482, 486-488 
selection of, 487, soo 
for armatures, 505 
A,S.A. safety code for, 489 
for axles, automobile and railway, 
SOS^ . 

for ball beanngs, 505 
Bakelite, speeds for, 498 
for best cutting edges, 52801-5 2 86 
bond, purpose of, 482 
bonds used, 482-488 
Bakelite, 482-484 
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Gnnding wheels, bonds used, 
resinoid, 486 
rubber, 482-484 
shellac (elastic), 482-484 
silicate, 482, 484, 486, 488 
vitrified, 482, 484, 486, 488 
for brass, 506 
for broaches, 506 
for bronze, 506 
for bushings, 506 
for cams, 506 
for car wheels, 506 
for carbide tools, 515-516 
care of , 496, 1422 
for cast iron, 507 
on centerless grinder, 518 
for chasers, 507 

chilled iron and other rolls, 512 
for chisels, 507 
for chromium plating, 507 
for commutators, 507 
composition of, 482 
for connecting rods, 507 
for copper, 507 
for crankshafts, 508 
crush-dressing, 54i&-S4id 
details, 54id 
as cutting-off tools, 522 
for cylinders, 508 
diamond, 523 
diamonds for, 493-495 
for dies, 509 

dressing and truing of, 493-495, 
1288 

for drills, S09 
exhaust pipe for, 489 
faces, standard, 502 
flanges, 489, 490 
flexible, 524 
for forgings, 509 
for gages, 510 
for gears, 509, sio 
for glass, 5 10 

grade markings of, 483-486 
gram and pfrade of, 483 
grain spacing, Norton, 484 
grit and bond, 482 
guards for, 491 
for guide bars, 510 
inspection of, 484 
internal, 520-522 
width and diameter, 521 
for knives, 510 
speeds, 498 
for links, 51 1 

for machine-shop work, general, 

.■ ; , " sii' 
for malleable, 511 
for monel, 511 
motors for, 993 
mounting, 484 

for pistons and piston parts, 511 
protection flanges for, 490 
for reamers, 512 
clearance, 168 

recommendations, Norton, 500 
table, 505-516 
resinoid bond for, 486 
for rifle barrels, 512 


Grinding wheels, for roller-bearing 
parts, 512 ^ 

rubber, speeds for, 498 
rubber bond for, 482, 484 
for rubber rolls, 513 
for saws, 513 

selection, factors affecting, 406- 
501 

shellac bond for, 482, 486, 505-516 
silicate bond for, 482, 484, 486, 488 
sizes specified for spindles, 486, 

speeds! for cylindrical grinding 
498 

for different classes of work, 498 
for internal grinding, 498 
for shellac cutting-off wheels, 
^ 498 

for surface grinding, 498 
for various diameters, 503-504 
spindles for, 489 
for spline shafts, 513 
for sprayed metals, S4i&-S4id 
for steels, s 14 
for Stellite, 514 
storage of, 484 

structure, methods of marking, 
483-486 
for taps, 515 
truing of, 493. S21 
for tungsten and tantalum carbide 
tools, SIS, S16 
types, standard, 501 
for valves, 5 16 

for various materials, 505-516 
vitrified bond for, 482, 484, 486, 
488 

for worm threads, 5 16 
Grip bolts, Harvey, 704 
Grobet high-speed steel flat drills, 
_ 135, 136 

Grooved-head wood screw, 1313 
Grooving of automobile-engine pis- 
tons, 1161 

Ground-thread taps, 173, 178-179, 
181, 183 

for stud holes and studs, 693 
Group drives versus individual 
motors, 990 

Group-set saw teeth, 47 f 
Guards for grinding wheels, 491 
Guerin forming process, 1440 
Guide bars, grinding wheels for, 510 
Guide bushing, definition, 614 
Guide holes, definition, 615 
Guide post, definition, 614 
Guide to type of motor, 987 
Gun barrel reamers, 1368 
Gun drill, two-lip, 134 
Gun drilling tip, 132, 135 
Gun metal, composition of, 1072 


Hack saws, 461, 1466 
blades for various materials, 
Atkins, 463 
Starret, 462 
hand, 473, 1471 
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Hack saws, uses o£ , 47 o 
Hadfield tests of steel, 1057 
Half hitch, 1100, iioi 
Half-side mill, 3S1. 383 . , 

Hammers, forging, factors in select- 
ing, 1088 
motors for, 995 
steam, 1084 
types of, 1290-1291 
Hampden wheel-grade markings, 

48s 

Hand lapping, S3? 

Hand reamer, action, 162, 163 
Hand taps, National form, 178 

tolerances, 177. ^79 

Hand welding, blowpipe chart, 215 
Hand wheels, Pratt & Whitney, 832 
Handles, ball crank, 833 
machine, 834-835 
for plug gages, 757 
two-ball lever, 835 
Hanger bolts, 668, 1256 
Hard bronze for piston rings, 1063 
Hard rubber, diamond tools for 
machining, 366 

grinding dies and taps for, 193* 359 
lubricants for cutting, I93 
for threading, 359 
machining, 3 S9”36 i 
saws for, 469 

Hard solder, composition of, 210 _ 
Hard soldering and brazing, dif- 
ference between, 210 
Hardened steel, drilling, 147 , 
Hardening, of carbon tool steel, 1029 
of cast iron, 1057 
cloudburst method, 1033 
definition, 1003 

faults, and means of correcting, 
1019-1020 

of gear teeth by flame, 1439 
of high-speed steel, English meth- 
ods, 1032 

rules for, 1018-1021 
Hardening bath for steel, 1006 
Hardness and tensile strength, IC026 
Hardness of material and milling 
speeds, 386-387 

Hardness 'numerals, conversion 
table, 1058 

Hardness strength ^of steel, 1057 
Hardness tests, Brinell, I0S4 
cloudburst, I0S4 
file, loss 
Monotron, loss 
Rockwell, 1017 
scleroscope, 1017, lOtS 
spark, 10^4 

Vickers diamond pyramid, lOSS 
Hardsteel drills, i47 , 

Harvey grip bolt thread, 70^4 
Haynes Stellite, composition and 
uses, 1033, 163s 
J metal, 362-364 

Head dimensions, capscrews, 6s4» 
655,656 / - 

machine screws, 652, 653 
American Phillips, 657-663 
Kollsman Instrument, 666, 667 


Head dimensions, screws, 649, 650, 
651 

setscrews 673 

Heading allowances for holts, and 
upsets, 930 
Heading dies, 1276 
Headless wood screw, 1313 
Heart-shaped cams, milling^ 405/ 
Heat treating, fixed points for 
thermometer calibration, 1025 
Heat-treatment, of carbon tool 
steels, 1027-1029 
definition and terms, 1003 
of Duralumin. 1079 
of S.A.E. steels, 1012-1016 
of spring steel, 1037 
of stainless steels, 1036 
of steel, annealing, 1005 
with coal or coke, 1004 
hardening bath, 1006 
heating with gas and oil, 1004, 

lOOS 

heating in liquids, 1004 
for railroad work, 1188 
terms relating to, 1003 
Heated steel, colors of, 1032 
Heating, induction, 1083 
rate of, for various shapes, 1021 
of steel, even, 1032 
Heats for forging S.A.E. steels, 1096 
Heavy force and shrink fits, 736, 
„ . 738. 750, 752 
Heliarc welding, 1446 
Helical gears (see Gears, helical) 
Helical milling cutters, advantages 
of, 394 

clearance angles, 476, 477 
grinding, 474 

Helical mills, approach of cutter, 

4055 

Helical slabbing cutters, 394 
Helical taper-pin reamers, I5S 
Helices, table of change gears for 
cutting, 4050-405^ 

Helix angle, of milling cutter teeth, 
380 

for milling cutters, 393 
of old gear, finding, 284 
of plain mills, 394 
of screw threads, 2, 25-30 

effect of, on wire measurement, 

72 

formula for, 81 
of tap flutes, 172 
of twist drills, 1X9, 120 
Herbert’s file tests, 199 
Herringbone gears, 231, 232, 1286 
Hexagon, properties of, 1218 
table for laying out, 1212 ^ 

Hexagon bars, weight per foot, brass, 
955 

steel, 954 

Hexagon bolt heads, 670, 671 
Hexagon box wrench, 1326 . 

Hexagon capscrew heads, finished, 
672 

Hexagon capscrews, socket, 686 
Hexagon nuts, A.S.A., 674-679 
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’***®^ne Standard, 

He?flfnS screws. 68p ^ 

wexagon setscrew heads, 673 

Hexagon setscrews socket, 684 

Hexago^n wrench openings, standard, 

^^^ifP^a-head bolts, 682, i2<;6 

Standard Fine, 711 , 712, 

‘^P bolts. 1257 
screws, 1313 

^ ^^^Position, 1066, 1071 

properties, 1071 ^ 

uses, ^,1069 

HJgn-chromium steels, 1008-1009 
High-cycie motors, 999 
High-helix drills, 129' 132 
High-mckel alloys, planer and shaper 

High-sl]||otee?fo66 

reqmrements, 376 

-D Milling; Negative- 
TT. , rake cutters) 

High-speed saws, band, 1472 
_ speeds for. 466 

High-speed steel, bit sizes for tool 
holders, 888 
for broaches, 641 
chasers, speeds, 574 


ir ’ •’t'cctj.s, 574 

dnlls, Orobet small fiat, 736 

feeds on various 
matenals, 134 

milling Cutters, details, 376-379 
reamers, speeds on various mate- 
nals, S7S 

steels, composition, 1030 
^ “lOP'iburft, 1033 

1030-1032 
worm gearing, 27S 
HSging, 1100 

HobWng.^lfaT?9T® 

coolant for, 273 
definition, 267 
of gear teeth, 266)^—275 
speeds and feeds, 269, 273 
'^f gears, 269 

mSdt 

Sl*ne°1,92°‘’*“ »PP““‘iP"V 27S 
of spur gears, 269 

method, 273 
” accuracy require- 

S. 

axrai^^ent of gearing in, 266, 


Hobbing machine, diasraTY* ^ 

out, 270 '""^agram of lay, 

for worm gears, 274 272 

tor worm wheels, Brown & 

clearance, 73 ^ ‘^Oarpe, 

proportions, 74 
Hog-nose drill, 1281 
Holdm| work for cutting-off .aws. 

Holding work and wires for measur' 
TT„, ‘”8 worrn threads, 74, 75 
Hole centers xn jigs and Sira, jo^,, 

HoIe'?«-t 3 ?t“’ 

dpt-fpi"”’ 3 orew.s, 

Hde^tolerances, 7S4 
772, 773 

Holes, ^ broaches for, 642-6^6 
m circles, table for, facing, 845.. 


minimum, 1076 
grinding limits for, 760 
laps for, S34 

side play of calipers in measuring, 

TTnu!^ ^^^eiisions, 693 
Hollow dnlls, 129-112 . 

Hollow mills, for Brown & Sharnt. 

. automatics, S43. 131 1 ^ 

descnption and uses, S43 
dimensions of, 544 

fcc<is for, 562, s6<? 

< Iso grin-iins 

Hones, types of, 532 

coolants used, 531 

mbncants for various metals 317 
339 , 333 : 

process and uses, 531 
speeds for, 532 
Stock removed in, 531 

AcWnt^sl"*' 

Hook bolt, 1257 

T4W^i?^ for die chasers, xg ? 

Hook spanner wrench. 1326 
Hooks, ceiling, 702 

machine, 1259 

motors for, 991 
Horning press, 1305 

ratings, 970-973 
per inch of width, 971 
_ service correction factors, 973 
aefimtion, 968 

for drilling brass, 998 

Snsta^^^4f ’ 
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and 


Horse-power, gas engine, 968 
formula, 969 

for milling cutters, 379 . 

of motors, for bending 
straightening rolls, <)9S 
for bolt and nut machines, 994 
for bufhng lathes, 993 
fo bulldozers, 994 
for cold cut-off saws, 994 
for cranes and hoists, 995 
for drilling machines, 99*4. 998 


for gear cutters, 994 
for grinding machines, 993 
for grinding wheels, 993 


for hammers, 99S. 

for horizontal boring machines, 


991 

for lathes, 991 

for milling machines, 992, 993 
for pipe-threading machines, 
994 

for planers, 992 
for punches and shears, 99S 
for siotters and keyseaters, 992 
for wheel presses, 995 
for wood working machines, 996 
for planing mill equipment, 996 
for planing cast iron, 989 _ . 

of nonmetallic gears, A.G.M.A 
formulas for, spb-sgS 
S.A.E. formula for motors, usual 
sizes, 969 

of shafting, formulas for, 978 
of Texrope drive, 974 
Hose-coupling threads, standard, 

1x4-117 

gages for, 116 
for gas cylinders, 1350 
Hot bearings, cooling of, 999 ' ' 

Hot dies, lubricants for, 630 
Hot flanging tools, clearance_^for, 609 
" Hot ” saws for cuttinghot iron and 
■' steel, 470 

speeds and practice, 1473 
Hot-dip process for tinning, 1060 
Hot-rolled and cold-rolled sheets, 
weight, 964 

Hot-rolled stpel, tolerances, 966 
Hour-glass worms, 1425 
geanng, 275 

Hub-liners, rebuilding, 1185 
Hughes Acme tool-joint tiead, no 
Hull rivet heads, U.S. Navy, 707 
Huntington grinding-wheel dresser, 
493 

Hydrant caps, threads, 115 
Hydrant nipples, screw threads for, 

' ii7"',„ ■ . 

thread gages for, 117 
Hydraulic systems on machine tools, 
1464 

Hydro press forming, 618 
Hydrogen welding, 1445 
Hyper-milling, 1398 
tests, 392 

Hypoid dividing head, Heamey & 
Trecker, 455 

Hypoid gears, 231, 232, 1286 


Ice, weight of, 1106 ^ 

Imperial wire-gage sizes, 941 
Impressions in drop-forging dies, 
108s 

Inch and millimeter, relation be- 
tween, 727 

standard, equivalent in wave- 
lengths of cadmium light, 727 
Inches, fractions of, with equivalents 
in decimals of a foot, xi2S 
with millimeter equivalents, 1109- 
11x6 

Inconel, bend radii for, 64oJ> 
composition of, 1080 
tools for, 347 
Index dies, 1276 
Index head Uee Dividing head) 
Indexing, diiBPerential, Brown & 
Sharpe dividing head, 432- 
453 

on Cincinnati wide-range divid- 
ing head, 4S4~4S4« 
on Kearney & Trecker astro- 
nomical dividing-head at- 
tachment, 4SS, 456 
hypoid dividing head, 455 
principle of, 432-433 
^ plain, 433 
India oilstones, 529 
Indicating gages, 733 » 734 
Indicator, lathe test, 1292 
Induction heating, 1083 
Industrial diamonds for grinding- 
wheel dressers, 493-495 
Infeed on centerless grinder, si9 
Infeed method of nobbing worm 
gears, 273 

Injector couplings, locomotive, 
threads for, 1192 

Inscribed square, rule for finding 
side, 589 

Insert dies for drop forgings, 109s 
Insert punches, small, 604 
Inserted diamond tools, 365 
Inserted pilots, counterbores with, 

841 

Inserted-tooth face mills, 394 
Inserted-tooth metal saws, 469 
Inside micrometer for internal 
threads, 76 
Inspection, 1448 

of grinding wheels, 484 
of lathes, 1450 

of Woodruff keys and key ways, 
906, 907 

Inspection gages, 735 
for truncated Whitworth fOrm 
threads, 370-3 7«' 
snap and ring data, 370-375 
Inspection tolerances, worm and 
worm gear, 306a-3o6dl 
Insurok, 1081 

Integral right-angled triangles, table, 

842 

Interchangeable assembly, 738 
classes of fits for, 739-742, 754 




J metal, Stellite, 362-364 
Jam nuts, finished and semifinished, 
676 

Jarno taper, 795 
Jeddite, 482 

jewel-setting diameters, 102 
Jig borer, coordinates for, 856 
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Interchangeable manufacture, 722- 
, ..'727 ■ , ' ' 

diagram of tolerances and allow- 

, ■ 'ance, 725 ' ■ 

Newalh system of gaging, use in, 
'726 

standard fits applied to, 738-742 
_ standard practice, 722, 725-727 
Interchangeability, in screw-thread 
fits, 727 
strict, 722 

Interference, in involute gearing, 248 
Interference bands, in measuring 
with light weaves, 729 

intermittent gears, 231, 1286 

internal gears, 231, 1287, 1433 
broach for, 642 
Internal grinder, 479, 520 
Internal grinding, 520 
allowance of stock for, 521 
contact of wheel, 497 
importance of truing wheels, 521 
size of wheel for given hole, 522 
wheel sjieeds for, 498 
wheel width and diameter, 521 
internal threads, measuring, 76 
international (metric) standard 
threads, 43, 58c-s8/, 63 
international Standards Associa- 
tion, 7S5 

international standards for fits 
thS.A. System of Pits), 755 
interrupted thread, for tap, 172 
involute gear tooth, definition, 230 
involute geanng, interference in, 248 
20-degree stub system, 238 
involute gear-tooth cutters, Brown 
« bharpe, 2S4t 1267 
invohite splines, 9190 
bobbing process used for, 275 
_io-tooth series, 915-919 
Indium, properties of, 1073 
Iron, cast {see Cast iron) 
pickling of, X 062 

spark method of determining 
grades, 1053-1054 
wrought (see Wrought iron) 
iron alloys, pickling, 1062 
iron castings, shrinkage, 1074 
Iron plates, Birmingham or Stubs’ 
gage, weight per square foot, 

T . 

iron wire, Amencan or B. & S. gage, 
weight per looo linear feet, 951 
Birmingham or Stubs' gage, 
weight per looo linear feet, 


Jig bushings, linear, 831 
press-fit wearing, 829 
renewable wearing, 830 
tolerances, 829-831 
.types of, 828 

Jig knob, malleable-iron. S'? 3 
Jigs, cam clamp for, 889 
welded. 226 

Job time allowances for setun ^ 
shaper. 345 on 

machine reamers, 155 
Joint, universal, 1293 
Joint bolt, 1256 

Joints, for arc welding, butt 222 
comer, 223 
edge, 223 
lap, 223 
Tee, 222, 223 

brazing, heat-treatment of. 211 
tests of, 210 
pipe (w Pipe threads) 
soldered, strength of, 209 
soldering, composition of solder 
208—210 ’ 

V „ pressure during, 208 

Journal bronze (Composition II) 
io6s^ specification for' 

Journals, locomotive, limit of wear 
1187 ' 


K monel, 347 349-350 
^Kantlink washers, 706 
Kearney & Trecker carbide face 
mill on chrome-moly, 391-303 

dividing heads^, astronomical at- 
tachment f or indexing; 45 5 
high-speed milling, 390-^393 
hypoid, 455 

special milling cutters, 390-301 
Kennedy key, 902 
Kerf, width of, 1446 

•Kerosene, for honing, 531 

lor machining aluminum, 335, 
. 336-330. 346, 353 

for reaming babbitt and brass, 320 
Key dnve, standard taper shanks 

for, 794 

Key-slot ctriters. Woodruff, 899, 904 
Key slots, Woodruff, 899, 903 
Keys, Kennedy, 902 
for milling cutters and arbors, 300 
Nordberg, 909 
parallel stock, 891, 892 
round-end, Pratt & Whitney, 894 
and shafting, American standard. 
890-897 

square and flat, for shafting, 890- 
892: ' 

square and flat taper, 895 
_gib head, 896 
Woodruff standard, 899-902 
selection and inspection of. 906- 
908 

Keyway depth, finding total, table 
for, 893 
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ICeyway stresses, noixmetallic gears, 

■ ' ' ir"' ' '1, V '• ■' ■ 

Key ways, for holes in gears, 

A. G.M. A. standard, 898 
for milling cutters and arbors, 3£>o 
Kirksite. 1330 

Knives, gnnding wheels for, Sio 
wheel speeds for grinding, 498 
Knots and slings, 1097-1102 
illustrations, 1099. I toi 
Knurling tools, for automatics, 
5826-582/, 13 1 1 ^ 

Kollsman Instrument Co., tap-dnll 
sizes of machine-screw heads, 
666 


Lacing belts, various methods of, 
975. 976 
Lag screws, 701 
Lamicoid, 1081 

Laminated phenolic spur gears, 
formulas for horse-power, 296- 
298 

Laminated plastics, tapping, 1082 
Lamp-base threads, 13SI 
Lamp socket base, 1351 
Land, definition, 172, 1293 
Land clearance of reamer, 160, 
166-168 

Landis recommendations for dia- 
mond sizes for wheel truing, 

494 

Landis threading speeds, for differ- 
ent materials, i94“t9S . 

Lap surface, tools for preparing, 537 
Lap welds, examples of, 223, 225 
Lapping, 532-541 

aorasive flours for, 538 
allowance for flat work, 534 
for ring gages, 535 
bushings, 534 

combinations of abrasives and oils, 

' ' " ■ 539 
cutting rate, 539 
definition, 532 
of flat surfaces, 532-534 
of gear teeth, 292 
hand, 532 
of holes, 535 
machine, 539 
of plug gages, 536 
preparing parts for, 340 
of ring gages, S3S. 536 
tests of, 539 

Lapping lubricants, 533, 539. 549 
Lapping machines, for cylindrical 
and flat work, 540 
types of, 539 
vertical, S4o 

Lapping plate for flat work, S33 
Laps, adjustable, 534. 536 
classes of, 533 

comparative life of, 539 
diamond, charging of, 538 
copper for, 538 
settling powder for, $37 
fastest cutting, S39 


Lard oil as drilling lubricant, 14s 
Lark’s head knot, 1089, 1099 
Lathe, cutting diametial pitch 
worms in, $$“89 

cutting speeds and feeds, 333-334 
engine, 1293, 1294 
names of parts, 1296 
faceplate for multiple-thread cut- 
ting on, 84 

geared for screw cutting, 77-81 
geared “even,” definition, 77 
simple and compound gear 
trains, 80 

“translating” gears, 79. Sr 
inspection, 1450 

tool posts, names of kinds and 
parts, 884-886 
Lathe apron, 1295 

names of parts, 1295, 1296 
Lathe dogs, 1279 

Lathe tools, for high-nickel alloys, 
348 

oilstones for, 529, 530 
shanks, 321, 322 

single-point, 322-323, 1321-1322 
symbols for, identification, 325 
tests of, 328 
tool angles, 324 
working angles, 322 
Lathe work, allowances left for 
grinding, 5 16 
Lathes, motors for, 99 1 
types, 1293-1297 

Laying out, angles, 1193-1208 
angle constants, 1193-1198 
formulas for, 1201-1207 
hole circles, 1391 
right angles, 1196-1208 
tool for, 814, 815 
bending dies, 596 
blanks for square bends, 632 
cams, for milling, 405/ 
for screw machine, 579-581 
cutters for bevel gears, 262-264 
gears, bevel, 259-262, 264-265 
4S-degree helical, 277 
spur, 244 

regular polygons, 1212, 1213 
right-angled triangles, 842 , 1212 

square corners, 934 
Layout of hobbing-machine gear 
arrangement, 270 
Lead, antimonial, 1083 
for lapping, 1083 
properties of, 1073 
strength of, 625 
uses of, 10S2 

weight per cubic inch and cubic 
foot, IP73 

Lead-base alloys for die casting, 
composition and properties, 

1075 ’ 

Lead baths for drawing carbon 
tools, 1027 

Lead burning or welding, 227, 2 28, 
1083 

Lead castings, shrinkage, 1074 
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Lead of screw thread, on Brown & 

®®®1oferwc” diameter 

1’'*'=’’ worms, 

Jiehcal-gear table, 284--28S 
tolerances, for taps, 177 170 

various purposes, 

LSld^’'L'^J bearings, 1083 

uis.^“o “d 

““position and 

header pms and bushings for stand- 
T 612-614 

heat spnngs, 1316 

T 1037 

strength of. 62s 

^ ^^970-^73®’ ^®rs®“Power ratings, 

T 973 

polishing wheels, 523 
^ welding, 220, 221 

ot capscrews, 6 s S 
6nll points, 153 

of nvets for dilferent thicknesses 
, of metal, 708 
^695^ screws, how measured, 

Lengths, of circular arcs, 854 

snap gages to measure, 

^ , 706 ’ 

Letter-size drills, diameters and 
areas, 138-139 
speeds, 133 

hevel, quartering, 1297 
Leveling machine beds, 990 
Levers, classification of, 1^97 
two-ball, 835 

"Measuring equipment, 
Light-wave micrometer, 732 

gage blocks ^ 

interference bands in testing with, 

720, 729 ' 

measuring with, 727-732 
,uses in measuring, 731 i 

T JSUf' measurement, 192 } 

7sI%T standard, ] 

^*^*^*<?* ®P®®*^*^^tions for, 755- j 

lathe work to be ground, I 

standard temperature for, 733 
tolerances, 732, 761-767 ^ T 

T • Gages) T 

Limiting dimensions, of fire hose ^ 

couphngs and hydrants, xx^ i 

and tolerances, L 

National screw 

Ml) of 


Limiting _dimensions and totpr^ 

hand taps, 178, 170 ’^^^^^ances, 
machine screw taps, 180 18 r 
mud taps, i8s * 

pipe taps, 182-184 
-.tapper tap shanks, 186 

Limits, for crest and root Am 
7%-76l' Pieces, 

manufacture, 

for screw machine work kjt 
on at^andard die-cut 4 |”parts, 

National Acme thread seri^ ri 
Amenc^^^ational screw threatfs! 

British Association screw threads 


. .41 

Bntish Standard Whitworth, bolt 

and nut threads, 38, 39 
. 39 ^- 39 ^ 
pipe threads, 39/ 
screw threads, 37, 39^, mi, 
or metal fits Allowances’ and 
tolerances, metal fits) 

(See aho Allowances: Toler 
ances) ■ 

Lincoln Zephyr engine, fits and 
tolerances for, 116s 

Linear change in metals for specified 
. temperature changes, 783 

Lmear measure, table, 1104 

of worm threads, 298 
Linear units, comparison of En£ish 
. and Metnc, 1117 ** 

Liner bushings, standard, 831 

drawings, names, 857 
Lme-^aft speed, 977 
Link-Beh^^silent-chain drive data. 

^^^°2oT^ covering for work benches, 
Lionite, 482 

Liquid, use on oilstones, 330 
Ltqmd measure, table, 1103 
T heating steel in, 1004 

tonlf n.; moto’r-driven 

r tools, 997 

ropes and 

cnains, 1102 

thrust, on twist drills, ii? 

Locating hole centers in tool-room 
r -vrork, 1198-1200 

lrf‘102'^'^’ Staud- 

Standard. 

fits for, 1 1 8s 

lubncant for mounting, 1177, 1x78 
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Locomotive axels, measunng bores 
for, ■1176' 

press fit practices, 1 177-1 x8o 
rolling and grinding, 1178 
Locomotive connecting rods, ma- 
chining, 1182 

Locomotive crankpins, pressures for 
mounting, ii79, 1181 
speed chart for turning, 1172 
Locomotive crown-brass practice, 

1182-1184 

table of relief and dimensions, 
1183, 1184 

Locomotive driver hub-liners, re- 
building, ii8s 

Locomotive driving-box wedges and 
flanges, 1182 

Locomotive fits, determined by- 
pressure method, 1 1 77*“ 1 180 
in repair work, 1185 
standard allowances for, 1186 
taper, standard, 1181 
fortires, driving-wheel, 1174 
trailer and truck, 1175 
Locomotive frames, welding, 228 
by thermit, 229 

Locomotive injector couplings, 
threads for, 13:92 

Locomotive links, grinding wheels 
for, 511 

Locomotive parts, limits of wear, 
1187 

wear allowances, tolerances, and 
fits, 1182-1187 

Locomotive pins, pressures for 
mounting, 1179 

Locomotive piston rods, grinding 
wheels for, sii 

pressure for forcing into piston 
heads, 1177 
taper, 1181, 1191 

Locomotive tires, boring and turn- 
ing, 1167-1173 
minimum thickness, 1173 
roughing and finishing tools for, 
1168-1170 
shrinkage, 1174 
wear allowance, X170 
I^ocomotive* wheel centers, shim- 
ming, 1168, 1169 

Locomotive wheels, measuring tape 
for, 1176 

Locomotives, A.A.R. Standard, al- 
lowances for different fits, ii86 
bronze bearings for, 1188 
fits used, 1 1 8s 

standard classification of, 1166 
Loewenherz form screw threads, 
formulas for measurement, $8, 
S8c 

Loewenherz-German watch-screw 
threads, 43, s8, 58c, 58/ 

Logue, C. H., recommendations for 
helical-gear calculations, 279 
Loom or carriage bolt, 1256 
Loose buffs, 525 
Loose fit, metal, 736 j 738, 739 
Low brass, composition and proper- 
ties, 1071 


Low-cost dies, 1440 
Low-melting alloys, 107a 
Lubricants, for aluminum alloys, 
126, 193 t 353 , S 3 I» 1078 
for broaching, 642 
for burnishing, 527 
for core barrel bits, 1378 
for cutting, 126, 329 
application chart, for various 
materials, 336-339 
for dies, 629 

for drawing steel shells, 629 
for drawing various materials, 
629-630 

for drilling, 129, 141, X4S* 336- 


^ 3 . 39 . 347 

for gnndmg, of aluminum and its 

alloysj 495 

application chart for various 
materials, 336-339 
for honing various materials, 337-~ 
339 , 531 

for hot dies, 630 
for lapping, S 39 . 540 

application chart for various 
materials, 336-339 
for machining aluminum and its 
alloys, 353 
for metal saws, 466 
on milling cutters, 14x2 
for mounting locomotive axles, 
1177,1178 
for press fits, 1178 
for press tools, 629-630 
for reaming, x6o 
for spinning monel, 352, 1081 
for threading, 193, 33 S ~337 
for turning and machining Du- 
ralumin, 1079 
Lucite, 1333 

Lumber for patterns, estimating, 932 
Lye, use in soldering, 208 
Lynite, diamond tools for, 366 
lubricants for honing, S 3 1 
reamers for, i6s 


M 


Maag gear-cutting method, 232 
Machine beds, leveling, 990 
Machine bolts, areas, 647 
British Standard, 711-717 
hexagon-head, tables, 670-671 
square-head, table, 670 
various, 1256 

Machine forging, drop forging, 1085- 

1096 

hammers, 1084, 1088 
heats, 1096 
swaging, 1088 
tolerances, 1091-109S 
Machine hand wheels, 832 
Machine handles, 834 
ball crank, 833 
ball end, 833 
ball lever, 83 s 
revolving, 83$ 

Machine knobs, 833 
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Machine lapping, 539 
_ .^bricants for, S40 
Machine reamer action, 162. i6t 
M achine reamers, 1 55 
Machine-screw heads, tap-drill sizes 
- - and dimensions, 666 
Machme-screw nuts, 678 
Machine-screw taps, definition, 171 
American National form, com- 
mercial ground thread, 18 1 
cut thread, 1 80 
tolerances, 181 

MacHne-screw threads, standard 
\ir Screw threads) 
Machine-steel forgings, feeds for 
machining, 341 
Machine-tool steels, 1050 
Machine screws, American Phillips 
dimensions, binding head, 
662 

fillister head, 660 
flat head, 657 
oval head, 659 
round head, 658 
screw points, 657 
truss head, 66r 
washer head, 663 
American ^ Screw Co., standard 
A o per inch, 681 

A.b.A. standard dimensions, fillis- 
ter head, 653 
flat head, 649 
oval head, 651 
round head, 650 
_ truss head, 652 
Kollsman Instrument Co., 666. 
667 

slotted head, standard, 648 
tolerances, 6, 7-24 
Machine steel, speeds for threading. 
National coarse threads, 194, 

5OO 

threads, 195, 570 

Jvxacnine tools, horse-power to drive. 
990-999 

motors for, 984-1001 
i-slot milling cutters for, 878 
_ I slots for, 877 
Machine wrenches, 1325-1327 
Machining, of aluminum, 340, 353 
of automobile engine pistons, 1161 
of brass, 340, 342 
ot bronzes, manganese and phos- 
. Phor, 340, 342 
estimating time for, 340-346 
or fiber, 361 

nf 357 

of hard rubber, 359-361 
of Micarta, 357, 358 
of nonferrous metals. 347-355 
ot nonmetallic materials, carbide 
tools for, 356 

340, 342 

n fofgings, 340, 341 


Magnesium, 1330 

m light-weight jigs and fetnra, 

milling, 386, 387 
i properties of, 1073 

shrinkage of castings, io7a 
speed for drilling, 126 

'“bio 

Magnesium alloy (Dow metan 
reamers for, 165 
speed for reaming, 169 
Magnesium sheet, for aircraft cut hv 
^ vanous methods. 6 aoV 2!P^ 
various method?64o„?! 

iSee also Aircraft sheet-metil 

^methods and fornS^Sl^^ 

Magnetic chucks, 5 17 
permanent magnet, 518 
Magnetic dies, 1440 

Mahogany, weight of, 1106 

Malleable iron, lubricants for drill 
mg, 126 

reamers for, 165 

speed for drilling, 126, 134 
for machining, 340, 341 
tor reaming, 169 
for threading (Landis), National 
coarse threads, 104 
\jr n threads, 195 

Malleabhzing, 1004 

Manganese, effect in steel, ion 

™^foo?®?07l^^^ and cubic 

Manganese bronze, composition 
and uses, 1066, 1067 ' 

speeds for machining, 340 
Manganese drills, 129, 132 
Manganese steels (S.A.E.), summary 
Ot, and uses, 1045 r 
Mannheim gold, composition of, 
1072 • 

Maple, dry, weight of, 1106 
for work benches, 200 
Manufacture, interchangeable. 722 
Manufacturing tolerances, 067 
necessity for, 726 

Marble, weight of, 1106 

Marking on steel, pencil for. 1061 

Markings, grade, on grinding wheels, 
483-486, 1421 
various systems, 485 
on ground-thread taps, 173 
Masonite forming blocks, 1329-1339 
Master gage for pip^ threads 
tolerances, 91 
Master plate, 1304 
Master tool for making forming 
tools, S49-5SI ^ 
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Material, to be ground, influence on 
selection of wheel, 496, soo _ 
hardness and milling speeds, 
386-388 . 

to be removed, eflect on selection 
of grit size, 497. 500 

for screw-machine work, estimat- 
ing, 1350 

Materials, 1329-1339 
alloys, aluminum alloys, mag- 
nesium alloys, corrosion- 
resistant steel, cut in air- 
craft work by following 
methods; 

Hydro-press shearing, 640WI 
profiling, 64oe 
punch-press shearing, 640A5 
rotary shearing, 64oi 
routing, 640(8' 
sawing, 640/ 
straight shearing, 640* 
formed in aircraft work by 
following methods: 
corrugating and forming rolls, 
640(? 

deep draw press, 64OV 
draw bench, 6405 
drop hammer, 640^ 
flanging machine, 6402 
Hydro-press, 6400 
power brake, 640a: 
punch press, 640 w 
shrinking machine, 640tw 
spinning lathe, 640» 
stretcher press, 64or 
various, grinding wheels for, 505- 
S16 

Maximum looseness and tightness in 
system of tolerances, 726 
Maximum sprocket speeds and chain 
velocities, 314-316 
Maximum-pressure method of deter- 
mining fits, 1177 

Measurements, button and fastener, 
192 

for jewel setting, 192 
of racks, 320 
watchmakers’, 192 
Measuring, of dovetails, 809, 81^ 
enlarged pinions with wires, 
25 za- 2 S 2 c 

helical gears with wires, fixture 
for holding, 281a 

included angle of threads, table of 
value of (cosecant <j 4 * i).* S 9 
screw threads with wires, 
standard practice, s8a-58& 
short addendum gears with wires, 
\2$2C-2S2d ^ 

wire specifications, for screw 
threads, S8a-S8& 

Measuring and Mting, 7 1 8-7 84 
of gear teeth, 256 
with light waves, checking gage 
blocks, 730 
equipment for, 727 
monochromatic light for, 728 
optical flat, 727-732 


Measuring and fitting, of ^rew 
threads Screw threads) 
of spline diameter, 922 

of spur gears, ass 
of tapers, 785-789 
of thread tools, S* 
of three-fluted tools, 720, 721 
of worm threads, 74 
Measuring tape, for locomotive 
wheels, 1176 

Measuring tools, 718-722 
Medium fit, for screw threads, 6, 
7-20 

Medium fits, metals, 736, 738, 74 i 
Medium force fits, metals, 736, 738, 

746-749 

Meehanite, 1331 

milling cutter bodies, 376 
Melting points of fusible alloys, 
208-210 

of solder metal (A,S.T.M.). 209 
of various metals, 1073 
of various substances, 1025 
Mercury, properties of, 1073 
weight of, 1106 

weight per cubic inch and cubic 
foot, 1073 

Metal, amount removed in broach- 
ing, 645 

at various cuts, chart of, 372 
power required to remove, 997 
Metal contraction, with liquid air 
and CO2, 7S3 

Metal fits, four common, 726 
standard, 736-755 
{See also Fits) 

Metal-cutting discs, speed of, 47 0 
Metal-cutting saws, 1466 
band, 2 n, 463, 470-472 
gage and width, 471 
hack, 461-463, 470, 473 
inserted-tooth, 469 
lubricants for, 466, 472 
“set/’ of teeth, 470 
specifications for various metals, 
472 . 

speeds, 460, 466 
teeth, 456,^459-461 
Metal stamping, square, 1441^ 
Metallic arc welding, 218 
Metallizing or metal spraying, 227 
Metals, hardness numerals, com- 
parison by, 1057-1,059 
hardness tests of, Brinell, ios 4 
cloudburst, 1054 
file, loss 
Rockwell, 1017 
scleroscope, 1017 
spark method, ios 3 , 10J54 
Vickers diamond pyramid, loss 
linear change with temperature 
changes, 783 

melting points and chemical 

symbols, 1073, , 

nonferrous, machining of, 126, 
335,342-343.347-362, 1077- 
1083 

properties of, 1073 
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of. 62s, 626 

^ ^ combinations 

lead base, 1075 
tin base, 1075 
zinc base, 1074 

P®’^ cubic inch 
Tijr ^ cubic foot, 107 1 

grinding wheels. 

units, equivalents, 
^^^^3 7-^39' diameters and areas, 
Metric pipe threads, 114 

2^ dimensions of gears by, 

“cuttinr?" 

measuring, ’63, 65, 67 
Metnc system, 1107 
, ^conversion tables, 1108 
Mica, saws for, 472 
weight of, 1106 
Micarta, 1081 
machiningi 357 
Micro-inch, definition, 727 

^®®cription of , 7 19 
paduations, 720 ^ ^ 

how to read, 719-721 

light wave, 732 

measuring internal threads 76 
”^^^^720^^ f^i'ce-fluted tools with, 

ten-thousandth, 720 

measurement of 
threads, 60, 61, 62. 70 
Micrometer caliper 1261 
_ .screw-thread, 55 ’ 

Micron, definition, 727 

Mild steel, rolled, properties of 220 

MilliSfJ®’^’ to inch. 727 

Millimeter measurements for film- 
sprockets, 317—210 

oHn".?- in ^als 

ot inches. luo. nii 
equiva ents of inches in, looo 
qmyalents of inches and fractions 
m, nil, 1115, m6 

fractmns^of^ equivalents in inches, 

armor^pfate, 1400 
of Bakehte, 1082 
calculating feed, 376 
ox cams on dividing head, 40';f-a26 

geam for, table, 415-426 

heart-shaped, 40sif 
setting-angles for, table. 407- 
^ : 4 t 4 '' ' . 

of cast iron, with Stellite, 396 
chip jfpc^on^and deformation. 

F,^P tjiickness, 383 
375-376 

for light alloys, 390 
for malleable iron, 390 


<^nventional or “un ” 
feed selection, rules for,’ 
feeding against the cut f,f 
fimish^of work, 376 ' 376 

of hehces, table for setting, 4056- 

high speed, examples. 271: 
384-388. 389-392 
requirements, 376 
Wyper milling tests, 392 
of magnesium 386-387, 39-, 

““CCS, 

power required for, 377-270 
spee|’L|ilerintn?a& 

ers ^®^’~ 390 , 392 ^ 

Speeds and material hardnec?c! 

time, estimating. 386 

of vanous materials. Brinell hard 

ness compared with tenrile 

strength, 386 '''='«suc 

Milling cutters, for aluminum 3 c.: 
approach of. table, 403 
bomes of Meehanite, 376 

376-379, 383-388, 393 
on aluminum, 379, 335 ^ 

iron and malleable, 386- 

on chrome-molybdenum steel 
39I-3P3 ’ 

grinding, 478-4786 

gnnding and honing, 5286 

various materials, 397 

38 ^ 39 ^^' 

carbide tipped, 376 

sprockets. 313. 402 
chatter m, 379 

clearance angles for milling vari- 
ous materials, 476 
coarse tooth, 377-379 

tooth, comparison of, 
377-379 
tests,^ 379 

combining negative and positive 

rakes, 390, 391 ^ 

convex. 401, 1265 

coolants for, 1412 
corner-rounding, 401 
cutting life of, 379 
dimensions of, 396-401 
direction of feed, 393 
j 398. 1265 

end mills, 394, 399 1265 
gnn^ng. 475 

race, 380, 3S3, 394, 400, 1266 
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Milling cutters, face, high-speed 
steel for general use, 378. 379 

feeds, 377, 378, 385^^ 
fishtail end mill, 1266 
for fluting taps and reamers, 380, 
1266 

fly cutters and, 4 to 6 teeth, 376 
form, 40Sa ' ' 

for gear teeth. Brown & Sharpe 
involute, 254, 1267 
grinding of, 474-4,7Bn 

half side, 395, 397, 1268 

helical, 394. 477 
grinding, 474 
helix angle, effect of, 380 
helix angles, 393 
high speed for general use, 377 
Kearney & Trecker special type, 
390. 391 

keys and key ways for, 404 
kinds of, 391-402, 1265-1269 
negative rake, 277, 379-381, 383, 
390, 393 

number of teeth, 388, 389 
plain, 397 
profile, 405a 

rake angles, alignment chart, 381, 
■382 

rake and helix angles, 377. 378, 

380-383 

rake of face mill teeth, 380 
requirements for high speeds, 376 
saws, 396, 398, 1.269 

screw-slotting, 464, 1268 
shell end, 400, 1268 
grinding, 474 
side, 395, 397 
single-angle, 398 
speed chart, 1404 
speeds and feeds, 377”379, 384- 

389, 1397 

staggered-tooth, grinding, 475. 
478 

staggered-tooth side, 395, 398 
Stellite, speeds, 405 
straddle, 397, 1268 
straight-sided, for worm threads, 
298 

straight-tooth, grinding, 474 
T-slot, 399, 878, 1269 
tooth nomenclature, 377W"378 
tooth terms suggested by A.S.- 

M.E., 377, 378 

varying chip thickness, 383 
Woodruff key-slot, 899, 904. 
Milling lubricants, for aluminum, 
brass and copper, 336-339, 
353,. ■ 

for monel metal, 337-339, 347 
for steel, 337-339 

Milling macmnes, arbors, 87s, 876, 

Cincinnati wide-orange divider, 
454 - 454 ^ 

cutter changes, due to war, 3 75 
cutting of racks on, 457 
cutting of helices on, 399-402, 
40S&-405« 


Milling machines, dividing head, 
different indexing, table for, 

on'^irovm & Sharpe, 43 2-4S3 
on Cincinnati, 4S4-4S4« 
on Kearney & Trecker, 45 5 
on principles of, 433 

gearing for cutting worm and 
helical gears on, table, 427- 
431 

spindle-nose, standard, 874 
spindles, adapter for, 876 
spindles with fly wheels, 376 
spindles and arbors, standard, 876, 
884 

universal, 1299 
vertical, 1300 
Mflls (see Milling cutters) 

Miter gears, dimensions, table for, 
259-260 

proportions, calculations for, 261 
Module, pitch in millimeters, 24s, 
255 

Module gears, 1287 
Molybdenum, effect in steel, lOli, 
1030 

properties of, 1073 
weight per cubic inch and cubic 
foot, 1073 

Molybdenum steels, lOii, 1045 
Monel, composition of, 347 
drawing, 352, 630, loSt 
grinding wheels for, SIX 
lathe and planer tools for, 348-35 1 
lubricants, for drawing, 630 
for general machining, 336-339 
machining, 347-350, 1081 
with carbide tools, 369 
speeds and feeds, 349 
pickling, 3SI, io8i 
properties of, 1080 
punching, 352, 630, 1081 
reamers for, 349 
shrinkage, 35 X 
soldering and brazing, 352 
speeds for drilling, 126 
for milling, 387, 392 
for reaming, 169 
for threading, 194-195, 349, 
568-571 

for turning, 347, 35 X 
spinning, 352, 1081 
strength of, 62 s 
tapping, 350 
welding, 3S2, 1081 
Monochromatic light for measuring 
with light waves, 728 
Monotron hardness test, 1055 
Morse chain drive, 309, 3x0 
Morse taper reamers, ISS . 

Morse taper-shank end mills, 385 
Morse tapers, 797, 800 
Motors, for bending and straighten- 
ing rolls, 995 

for bolt and nut machines, 994 
for boring and turning mills, 99x 
for buffing lathes, 993 
for bulldozers, 994 
for cold cut-off saws, p94 


W 



AMERICAN MACHINISTS’ HANDBOOK 


Motors, compound-wound, 086 
for cranes and hoists, 9PS 

for drilling niachines, 994 
for gear cutters, 994 
for grinding machines, 993 
for grinding wheels, 993 
for hammers, 995 
high-cycle, 999 
high-reactance, 984 
high , resistance-rotor, 984 
for honzontal boring machines, 
. . 

individual vs. group drives, 990 
for lathes, 991 

for machine tools, alternating 
current, 984 
direct current, 985-987 
I selecting, by character of work, 

987.991-996 

for specific machines, 
table, 1000 
types and sizes, 988 
tor milling machines, 992, 993 
tor pipe-threading machines, 994 
tor planers, 992 
for punches and shears, 99 5 
senes-wound, 986 
for shapers, 992 
shunt-wound, 98s 
for slotters and keyseaters, 992 
squirrel-cage, 984 
variable and multi-speed, 987 
for wheel presses, 995 
for wood-working machines, 996 
wound-rotor, 98s » yy 

Mounting of face-milling cutters, 
1401-1411 

of grinding wheels, 484, 49 1 
Mountings, fits and tolerances of. 

f^eparture bearings, 835-837 
Moving-picture projector sprockets, 
w 3I7-3I9 
Mud laps, 171, 185 
Muffle furnace, 1284 

Multibelt (Texrope) drive, 974 
Multiple-spindle drill heads, 
adapters for, 925-928 
chordal dimensions for, table, 855 
feeds on, 142 

Multiple-thread cutting, face plate 
for, 84 

Tvvr 82-83 

174 

Multipliers, convenient, 1120 
Muntz metal composition and uses, 

TiM- . ip6<5, 1069, 1071, 1072 

Munatic acid, for pickling, 1062 
tor soldenng, 207 

Mushroom-head screw, British, 689 
Music-wire sizes, 945 ^ 


Names, of machine parts 

niachin^ 

upright, 1282 • 

gnader, centerless, 1280 
universal, 1290 

^294, 1296 

lathe apron, 1295. 1295 
millmg-machine, universal, 1 200 
vertical, 1300 1299 

planer, 1303 

' punch press, 1306-1307 

shaper, 1315 

nulling cutter tooth parts, 377 o-th 

reamer parts, 157-150 *877,378 
screw-thread forms, 40-47 rr 
Narrow-gi^e washers, 70s ^ 

National^Emergency (N.E.) steels, 

National Pine (S.A.E '> ^ 

..screws, bolts and nuts, 

National form hand taps^commer 
ml ground thread, 178 ^ 

cut thread, 178 ' 

precision-ground thread, 179 

maclune-SCTew taps, commercial- 
ground thread, 181 
cut thread, 180 

screw thread, formulas for meas- 

National Sc?ew^¥h?4d Commis- 

XT 4- 8'S'g® tolerances, 756 

NaturaL or city, gas for welding, 212 
^ histones, “Arkansas." 

Washita, ’ 529 

Naval brass (Tobin bronze), com- 
position, 1063, 1070 
properties, 1071 

threading speeds, 194-195, sAg- 
S7I 

uses, 1067 

Negative allowance, classes of fits 
7 ^ 8 , 74^-750 

Negative grind for die-chaser face 

XT 

Negative rake, 1397-1400 
of reamer teeth, 164 
Negatpe rake carbide cutters, 
diamond hones for, 5286 
_gnndmg, S28& 

Negative rake milling cutters, 375, 
,378^381, 385-390 

of, 377, 378, 388-392 
for carbide types, 379, 301 302 
cutter angles for steel, 388-391 
8f®neraHnformation, 375-381, 388 , 

Negative and zero rake turning tools. 
376 <z, 3766 

Nesting work on press dies, 628 
^f^^^^J ^^^^osphere, furnace, 1022 

Neutral flame, definition, 212 

Neutral space, in system of toler- 
ances, 725 

Neutral zone, definition, 735 
New Bntain automatic screw ma- 
chine, capacity of, s82g 
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New Departure bearing mountings, 
tolerances and fits, 835-837 
Newall system of gaging, 726 
Nichrome, properties of, 352 
welding, 352 

Nickel, effect in steel, loii, 1030 
lubricants for drawing, 630 
properties of, 1073 
strength of, 626 

time of heating for forging, 1022 ^ 
weight per cubic inch and cubic 

foot, 1073 

Nickel alloys, high, lubricants for 
machining, 347 

tools for, 347 

Nickebchromium steels, S#A.E., 
"■I04S^'"' . ' 

Nickel silvers, composition, proper- 
ties, and uses, 1070, 1071 
Nickel steels, speeds for threading, 
I 94 -I 95 t 568-571 , 

S.A.E., summary and uses, 1045 
Nipples, hydrant, thread gages for, 

117 

Niter-bluing of steel, 1060 
Nitralloy , grinding wheels for, s 1 1 
hardening, 1042 * 
reamers for, 165 
Nitro copper, strength of, 625 
Nitriding of steel, 1042 
Nomenclature, milling cutter teeth, 
377 r 37S 

Nominal size, definition of, 737 
Nonmetallic gears, composition of, 

294 , 

machining, 294 

Nonmetallic gears and pinions, 
A.G.M.A. formulas for horse- 
power of, 296-298 
bore sizes, 294 

keyway stress, formulas, 295-296 
preferred pitch, 294 
Nonmetallic materials, machining, 
fiber, 361 
Formica, 356 
hard rubber, 359 
Micarta, 357 
Textolite, 358 

Nonmetallib substances, weight of, 
1105, 1106 
Nordberg key, 909 
Normalizing, definition of, 1004 
Norton abrasive grain sizes, 483 
Norton diamond grinding wheels, 

' ."S23' ' 

Norton grain spacing, or wheel 
structure, 484 

Norton grinding- wheel recommenda- 
tions, 505-516 
Norton India oilstones, 529 
Norton recommendations for dia- 
mond sizes for wheel truing, 494 
Norton wheel-grade markings, 485 
Number-size drills, cutting speeds, 
130,131 

diameters and areas, 137-139 
Numerals, hardness, conversion ta- 
ble, 1058-1059 


Nut tap, definition, 171 
Nut thread fits, American, coarse- 
thread series, 11, 13» IS, 24 
American extra-fine thread series, 
26 

American fine thread series, 17, 
19. 24 

Nuts, allowances and tolerances, 

6, ii ~24 

British Standard, castle, 7i3f 7^6 
hexagon, 712-716 
lock, 713, 716 
slotted, 713, 716 
types, 71 1 

British Standard Whitworth, sizes 
and tolerances, 39-39/ 
carriage bolt, 1256 
clearance, 4 

for wrenches, 840 
conformity to practical standards, 
647 

coupling, for U,S. Navy punches, 
620 

jam, 674-676 
light, castle (S.A.E.), 680 
width of slot, 680 
lock, American standard, 102 
machine bolt, 1256 
machine screw, 677 
National Fine (S.A.B.) Standard, 
681 

dimensions, 682 
square and hexagon, 669-677 
stove-bolt, 677, 1257 
T, standard, 879 

for taper fittings, S.A,E., 923, 924 
track bolt, 1257 
wrench head, standards for, 669 
wrench openings for, 678 

0 

Gak, weight of, 1106 
Octagon, properties of, 1218 
table for laying out, 1212 
Octagon bars, steel, weight per foot, 
9S4 

Oil, for setting studs m aluminum, 

693 

in settling abrasive flours, 538 
in settling diamond powder, 537 
Oil and abrasive lapping combina- 
tions, 539 

Oil baths, for quenching steel, 1022 
Oil tool-joint thread, Hughes Acme, 
no 

Oil-hole drills, 129, 1^2 
Oils, soluble, for cutting aluminum, 
35 ? ' 

as gnndmg coolants, 495 
Oilstones, alundum, 529 
Arkansas, 529 
artificial, 529 
care of, 530-53 1 
crystolon, 529 
India, 529 
natural, 529 
shapes, S2S)-S30 
use of oil or water in, 530 
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Oilstones, uses, 5 2p“S3 1 
WasHta, 529 

Oil-well casing, A.P.I. standard. 
103-107 
tolerances, no 

Oil-well drill pipes, 103, loS-iio 
Open washer, 1325 

Open-ejre eye bolts, 702 
Open-side tool post, 885 
Openings, open-end wrench, 678 
OpUcal flat, 727-728 
checking gage blocks with, 730 
nieasunng gages with, 731 
use of, 728-732 

Optical method of measuring; 
threads, 69 

Ordnance construction, worm gear 
tolerances for, 203 
Oval T-head bolt, 1256 
Oval-head machine screws, Amer- 
ican Phillips, 659 

Oval-head screws, head dimensions. 
648, 651 

Oval-head wood screws, 698 
Oversize broaches for round holes. 
^ ^43 

Oversize holes, rock of pin gage for, 

, 722, 723 

side play of calipers in boring, 721 
Oversize pistons and rings, 1 162 
Oxaluma, 482 

Oxidizing atmosphere, furnace, 1022 
Oxyacetylene blowpipe, for hand 
• cuttin^g and welding, 214, 215 
m lead burning, 227 
Oxyacetylene cutting, by hand. 212 
2x4 

by machine, 213 
neutral flame, definition, 212 
speed and gas consumption, 213 
^ 214 

Oxyacetylene welding, advantages 
of. 212 

blowpipe chart for, 215 
hose colors for, 212 
natural or city gas, use in, 2x2 
preheating for, 212 
speed of, 215 
welding, rods for, 2X2 
Oxyacetylene welding and brazing, 
flux characteristics, aluminum 
rod, 215a 
bronze rod, 21 s<z 
cast-iron rod, 216 
silver ‘‘soldering” alloy, 216 
stainless steel rod, 216 
fluxes for, 2x50-2x6 
procedures, with various metals 
_ and fillers, 2x56 
Oxygen, effect in steel, 1030 


Packfong metal, composition of 
1072 

Pad form dies, 144X 

rallet stones, thickness of, 102 

Panelyte, 1081 


Pan-head rivets, 707, 710 
Paper, strength of, 62s 

ParalM stock keys, dimensions, 891 , 

Parkeming of screw threads, effect. 
Parter^alon self-tapping screws* 

hole sizesior, table, 690-602 
Patenting, definition, 1004 

Pe?dant’te“i"® 53= 

Pendulum press, 1 305 
Penetration^n carburizing, rate of, 

in sheanng or punching operations. 

Percussion drilt point, 124, 12 1: 
Perforating dies, 1276 ^ * 

Perforating punches for standard die 
setSj 6x2, 614 

Perforating tools, clearances, so8 
Permaset diamonds, 494 ^ 

Petroleum, weight of, 1106 
mnohc laminated gears, formuki 
_ for horse-power, 296 
keyway stress, 295 
Pnenolite, 1081 

Phillips screws American Phil- 
lips Screws) 

Phosphor bronze, composition and 
uses, X063, 1067 

lubricants for threading. 3 ■»«: 
machining feeds, 342 
machining speeds, 340 
strength of, 625 

threading speeds, 194-195, 568- 

Tit. 37 f 

Phosphorus, effect in steel, 1030 
Physical .properties, of metals, xo7^ 
.of welds, 219 

Pickling, of iron and its alloys, 1062 
35 X, 1081 

Pickling acids, X062 
Piercing dies. X276 
clearances, table, 60s 
and punches, .clearance between 
599 , 604, 606-608 
for standard sets, 610-614 

Piercing punches, methods of hold- 
ing, 599, 60O 
types of, 599 
Pillow blocks, 1302 
Pilots, inserted, for counterbores, 

■ 041 

for progressive blanking punches 
600-602 

tables of dimensions, 600, 601 
Pin gage, .rocking, measure for beai'- 
iiig clearances, table, 723 
for bore gaging, 722, 723 
for press fits, 722, 724 
Pin naetal, composition and proner- 
ties, 1071 

Pin spanner wrench, 1326 

Pine, weight of, 1106 

Pin-face wrench, 1326 

Pinion teeth, minimum number, 249 


INDEX 


Phis, collar, 1301 

cotter, British Standard, 7X3» 73t6 
General Motors standard, 6p4 
S.A.B. Standard, 694, 69s 
dowel, 1302 

drills and reamers for, 152 
measuring spur gears with, 255- 
259 

piston Gee Piston pins) 
rod end, S.A.E.' standard, 693 
taper, British Standard, 807 
Brown & Sharpe, 802 
drill sizes for, 144 
Pratt 8c Whitney, 801 
for shafts, 802, 804 
U.S. Ordnance Department 
standard, 803 

Pipe, standard, dimensions and 
properties, 98 

for oil well work, A.P.I,, 103-110 
Pipe tap and drill combined, 184 
Iripe taps, definition, 171 
dimensions of, 182 
drill sizes, 10 1 
ground thread, I73t X83 
tolerances, 1S3 

Pipe-threading machines, motors 

for, 994 

Pipe-threading speeds, feet per 
minute, 567-571 

Pipe threads, American (Briggs) 
Standard. 90-1 1 id 
diameter of taper threads, 90 
dimensions, tables, 96-99 
gage tolerances, 94 
gages and gaging methods, 91- 

94.9s 

gagi ng taper threads, 93 
length of thread, 91 
master gages, 91 
measuring, with 3-wire method, 
iiia-iii6 

with 2-wire method, 1116- 
IlIC 

straight, p5 
dimensions, 100 
working gages, 92 
working tolerances, 94 
for A.P.I. drill pipe, 108, 109 
British Standard, I lo-i 13 
tap drills for, 152 
truncated Whitworth form, 37^ 
metric, 1 14 

Piston fits, locomotive air-pump, 

Il8§ 

Piston pins, grinding wheels for, 511 
lapping machine for, 540 
Piston-ring data, gasoline and steam 
engine, 969, 970 

Piston rings, grinding wheels for, 511 
hard bronze for, 1063 
Piston rods, locomotive, A.A.R. 
Standard taper, 1191 
pressure for forcing into piston 
head, 1177 

Piston-rod _stock, tolerances, 96s 
Pistons, aircraft engine, fits and 
clearances, 1163 
aluminum alloy, 1 1 61 


Pistons, automobile, 1 161-1162 
fits and tolerances, 1164, 11 6s 
cast iron, 1162 
clearance, 1161 
machining, 1 1 61 
piston-pin holes, 1162 
ring fits, 1161 
standard oversize, 1162 
superfinishing, 541 
Pitch, of gears, 232-239 
iSee also Gears) 
of metric gears, 255 
real, for circular-pitch helical 
gears, 280-283 
of screw thread, 2 

Pitch-diameter thread tolerances, 7, 
21 

Whitworth special thread sizes, 
Zlh-Zjn 

Pitch diameters, helical-gear table 
for finding, 284-285 
of standard gears, 250 
Pitsaw file, 198 

Plain and differential indexing, 
method and principle, 432-435 
table, 436-453 
Plain drawing dies, 1274 
Plain mills, 379, 3S3 
Plain parallel stock keys, 890-892 
Plain and shoulder eye bolts, Vulcan, 
703 

Plain taper stock keys, 895 
Plain washers, 70s 
Plane, wood, bit for, 326 
Planer, and list of parts, 1303* 1304 
Planer and slotter tools, 1323 
Planer tools, for high-nickel alloys, 

347,348 . 

types and angles, 321-325, 1322, 
1323 

Planers, cutting speed, actual, 930 
motors for, 992 
tool post for, 884-886 
Planing bevel gears, 266 
Planing of cast iron, power required, 

989 

of monel, speeds and feeds for, 351 
Planing-mill equipment, power re- 
quired for, 996 

Plank construction for work benches, 
201 

for dies, 1332 

Plastics, laminated, tapping, 1082 
saws for, 147S 

Plate, lapping, for flat surfaces, 533 
master, 1304 

Plating in threads, thickness of, 71 
Platinum, properties of, 1073 
weight per cubic inch and cubic 
foot, 1073 

Play of calipers in measuring holes, 
721 

Plexiglas, 1333 
Plow bolt, I2S7 
Plug, cock, taper of, 802 
Plug gages, allowance for wear, 761 
“Go or minimum, for measuring 
holes, 726 
lapping, 536 
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Hug gages, measuring dovetails 

with, 809, 813 

measuring of, with light waves, 
.. 7,31 ' 

principle of measuring fits by, 751 
truncated, for setting “go" ring 
_ gages, 24 

Flug and nng gages, for American 
pipe threads, 92, 93 
for Bntish pipe threads, in 
standard ranges, 7S9--760 
testing angles with, 1209-1211 
tolerances, 760, 767 
'types, 91-93, 796ff 
glug-gage Indies, 757 
Plugs, fusible boiler, composition 
, and melting points, 210 
Points, of capscrews, 654, 657 
of drills, length of, 153 

setscrews, fluted-socket, 683 
hexagonal-socket, 684 
of wood screws, 695 
Polarity of current in welding, 221 
Polishing, buffs for, 525 
compared with solid-wheel grind- 
ing, 524 ^ 

glue for abrasives, 526 
gram of abrasives, 526 
Polishing wheels, types of, 524 
Polygons, laying out, 1212 
properties of, 1218 
Porosity of welds, effect of aluminum 
on silicon-killed steels, 222 
Positive, negative, and zero rake, 

, explained, 380 
Positive rake, 1397 
Powder, diamond, settling table for, 

Power, electrical, compared with 
mechanical, 968 
required, for drilling, 135, 344, 
for planing cast iron, 989 
for punching and shearing, 620, 
021,997 

_ to remove metal, 997 
Power hack saws, blades, 1466 
data for various materials, 462- 
^ 463. 

_ description of, 461 
Power pre^s. broaching in, 643 
Pratt & Whitney, aircraft engine 
parts, fits and clearances, 1163 
hand wheels, 832 
round-end keys, 894 
taper pins and reamers, 801 
Precision boring, 1396 
Precision-ground thread taps 173 


^175, 179 

Preferred drill sizes, 145-147 
Pregwood forming blocks, 1440 
Preheating of connecting rods for 
piercing, 213 

of locomotive frames for welding 
229 • .* 

Preparation of parts for lapping, 340 
Press fits, allowances for pressure 
3^ ^7'7 . 

of axles and crankpins, ii78-»ii8o 
heavy force, 750-753 


Pressffts, lubricants for iitr 

medium, 746-749 ' 

methods, 751, 755. 780-783 

shrink, 750-753 

Press work («e Punch press workV 
Presses, types of, 1304 
Pressure for force fits, 781 

&T-fc2® steel, 

chart for, 627 
formulas for, 620 
for ®h||ring^brass and steel. 621, 

formulas, 620 
in superfinishmg, 541 

246^® ®^and- 

stub, 246 

Pressure angles, special, 1437 

Pressures, for car axles. 1180 

ii^to heads, 

for mounting locomotive axles and 
crankpins, 1 1 79-1 180 
for operating steam hammers 
1084 ' 

_ for sand blasting, 527 
Prime number fractions and decimal 
, equivalents, 1121 
Principle of wedge of air, 729-7:12 
punch press, 627-629 
Producrion gnnding of cam-machine 
parts, table, 481 
of shafts, 480, 481 
of spindles, 480, 481 
Profile milling cutters, difference 
between form cutters and, 4050 
_ measuring clearance on, 391. 702 
Pronhng aircraft sheet metal pSs. 

640^-640/ ’ 

Progressive blanking punches with 
pilots, 600-602 

Projection of flanges for grinding 
wheels, 490 ® 

Projection, third-anglei .857 
Projector sprockets for moving 
pictures, 31S, 317-319 
Prong dies (spring dies) for screw 
S4S. 1270, 1312 
Propeller shaft bearings, aircraft, 

Properties of case-hardening and 
hard-tempenng steels, 1007 
of different metals, 1073 
of mild rolled steel, 220 
of regular polygons, and circles. 
1217, 12X8 

of watch-screw threads, 44. as 
of weld metals, 220 ^ 

of welds, 219 

_ of wr9ught copper alloys, 1071 
Proportions of buttress thread, si 
of miter and bevel gears, 261 
of worm thread. Brown & Sharpe, 
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Protractor use for side clearance of 
thread tool, 81, 82 
Pulley, broken, finding diameter of, 
1216-1217 

Pulley tap, definition, 171. 1319 , 
Pulleys and gears, speeds, tables, 
979-984 

Punch and die clearance, for ac- 
curate work, S 97 , 598 
for all gages of stock, 604, 606-60 S 
for blanking tools, 597 
for boiler work, 599 
for brass, 598 
for monel, 630 
for perforating tools, 598 
, for steel, 598 
Punch holder, definition, 614 
Punch press, and names of parts, 
1305, 1306, 1307 
tonnage capacity, 618 
Punch press tools, allowance for 
shaving, 602 
clearance in dies, 60s 
double-action, 609, 610 
effect of sheared edge of, 603 
inserted pilots for progressive 
punches, 600-602 
lubricants for, 629, 630 
standard die sets, 610-615 
stock stops for, 61 1-616 
Punch press work, area and weight 
chart for steel stampings, S9S 
clearance, for hot hanging dies, 

609 

finding diameters for shell blanks, 

588-591,594 ■ . 

laying out bending dies, 596 
locating blanks on strip stock, 628 
rate of production, 627-629 
effect of stock width on scrap, 
626-628 

Punch sizes for self-tapping screw 
holes, 690-692 

Punches, blanking, pilots for, 600- 
602 

Class A-A and A standard die sets, 
612, 614 

lubricants for, 336-339, 629 
motors for, 995 

perforating, for standard die sets, 
612, 614 

piercing, types of, 599, boo 
progressive, 600, 601 
sheared, effect of, 603 
small insert, at Bell Aircraft 
Corp., 604 
types of, 599-602 
U.S. Navy standard, 619 
(See also Dies) 

Punching, of Bakelite, 1082 
of Micaita, 358 
of monel, 352 
penetration table, 624 
power required for, formulas, 620, 

'.'■997 . ■■■ " 

pressure required,- for brass and 
steel plate, 621, 622 
for different metals, chart, 627 
formulas,' 620 
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Punching and welding in aircraft 
work, 1440--144S 

Push broaches, for round holes, 643 
Pyrometers, use, 1031 
testing of, 1043 

0 

Quadrant, definition, 1307 
Quartering level, definition, 1297 
Quenching, definition of, 1003 
of steel by air cooling, 1026 
proper temperature for, 1043 
Quenching baths, oil, 1022 
salt, 1025, 1060 * 

various compositions, 1060 
Quick-change gears, lathe, 79, 1296 
Quick return, definition, 1307 
Quill, definition, 1307 

R. 

R monel, 347, 349-350 
Rack teeth, cutting, 320 
Racks, cutting on Cincinnati milling 
machine, 457-458 
for 14^^-degree composite gear 
system, 236 
measurement of, 320 
Radax ball bearings, tolerances for, 

836, 838, 842 

Radial draft, in drop-forging dies, 

1091 

Radial drill, and names of parts, 

1281 

Radial rake of face milling cutters, 

381, 382 

Radii, of fillets and corners, table of, 
of spheres, 935 

for tubing bends, 632, 636, 638 
Radius and chordal pitch of spur 
gears, constants for, 239 
of segments, 938^-938/ 

Railroad shop work, axles, pressures 
for mounting, Ii79, 1180 
crankpins, pressures for mounting, 

Ii7p 

locomotive frames, welding, 228- 
229 

locomotive repairs, classification 
of, 1166 

running fits for, II Ss 
preheating frames for welding, 229 
press fits, 1 1 77-x X 80 
tire section, standard, 1170 

tire shrinkage, 1 17 s 
tire thickness, standard, 1173 
tire tools, 1 168-1 1 70 
(See also Locomotive) 

Rake, on cutting tools, 1397 
definitions, 380 

of face-mill teeth (true), 380-382 
of face milling cutters, Axial, 

Radial, ana True rake, 381 
arid helix angle of milling cutters, 

380-383 

chart for, 382 

for lathe and planer tools, 3 24 

' V/ 

V' :■ 



1526 AMERICAN MACHINISTS’ HANDBOOK 


Rake, for reamer teeth, 164 

, 'Of' taps, 173 , 

_ Of teeth for broaches, 642 
Kaker set for saw teeth, 470 
Rasps, ip8 
Ratchet drill, 1308 
Ratchet shank for drills, 118 
Rawhide spur gear, A.G.M.A. 

lormulas for horse-power, 206— 
_ 298 

Reading the micrometer, 7 10—721 
the vernier, 718, 719 
Real pitches for circular-pitch 
„ helical gears, 280, 282-283 
Reamed holes, allowance in drill 
, size, 141 

Reamed holes, diameters, 577 
standard, tolerances in, 577 
Reainers, back taper of, 154 
British standards for, 154 
with carbide blades, speeds for. 

i6p 

center, I S5, is6, 1308 

clearance, 160-162, 1 66-1 68 
cutting edges of, 160 
diameter tolerances of, 154 
for different metals, i6s 
for dowel pins, 152 
expansion, 158 
flutes, forms of, 1266, 1308 
fluting, 386, 1266 
grinding of, for various purposes, 
160-168 

grinding set-up for, 163 

grinding wheels for, 512 

gun barrel, 1368 

hand, 155, 162 

^;cutting action of. 163 

high speed, on various materials, 

jobbers, iss 

lubricants for, use with various 
mitenals, 160, 329, 336-339 
machine, 155 
cutting action, 162 
machine countersinks, 156 
for monel metal, 349 
names of parts, 157-159 
sharpening, 160 
shell, ISS, 1309 
arbors for, 156, IS7 
speeds, in screw machines, S7S 

on various materials, 169 

speeds and feeds, in screw 
machines, 160, 169 
taper, bridge, 155, 156, 1308 
car, ISS, IS6, 1309 
Morse, is*?, 156 
Pratt & Whitney, 80 1 
taper pin, 155, 156, Soi, 1309 
teeth rake, 164 
type of, 154-156, 1308, 1309 
Reaming tools, diamond, 366 
Rebabbitting bearings, 203 
R^bite, 482 

Rebuil^ng htrb-liners of locomotive 
driving wheels, by welding, 1 1 8s 
Receiving gages, 733, 734 
Reciprocals of numbers, 1156-1160 


Reciprocating fit, 754 
Recuttmg file teeth, 199 
Red brass, composition and 
1064. 1066, 1067 
reamers for, 165 
Redrawing dies, 1274 
Reduemg atmosphere, furnace 
Reducing dies, 1276 ’ 1022 

Reed tapers, 795 

Referenbe gages Kr pipe threads, pi, 
tolerances for, 97 

R^erenoe tables, general, iioa-nfi. 
Regular hand taps, 175-177 ^ 

for grinding wheels, 486 
Resistance welding, 217 
'^^^32 sheet metal, 631 

tongues, standard, 881- 

Revolutions per minute and corre- 
spondmg surface speed, table! 
572 

Rexite, 482 

Rifle barrels, broaching, 1^63 
dnUing, 1367 

grinding wheels for, 512 
reaming, 1363 

Risking hitches and slings, 1097 

^Sli^-angle bending dies, laying out, 

and 

tables for calculations, 1108- 

J2IQ , Aiyo 

formulas for, 1212 
integral, table for laying out, 842 
_ table for calculations, 1201-1207 
Ring gages, 733. 734. 796a ' 

lapping, 535 

for standard, self-holding tapers 
796 , ’ 

Rings, piston, for automobile en- 
gmes, 1161, 1162 
Rivet heads, Clark, 710 
hull and tank, U.S. Navy, 707 
manufactured after driving, 710 
|4 vet set and hold-on, standard, 709 
Riveting dies, 1277 
Riveting washers, 706 
Rivets, boiler, U.S. Navy, 707 
defimtion, 1309 
fillet welds to replace, 224 
lengths for different thicknesses of 
metal, 708 
various types, 1310 
Rock of pin gage for bearing clear- 
ance, 722, 723 
for gaging bores, 722, 723 
for press fits, 722, 724 
Rocker base, 885 
Rockwell hardness test, 1017 
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Rod, turning, composition and uses, 

1064 , - 

Rod ends, machining of, 1182 
Rod-end pins, S.A.E. Standard, 693 
Roll for charging diamond laps, 538 
Roll grinders, uses of, ^479 . 

Rolled threads, Amencan National, 
40, i3Sr 

Roller bearing mountings, tolerances 
in fittings, Bower, 83S, 842 
New Departure Radax, 836 
Roller beanng parts, grinding wheels 
for, s 12 

Roller chain dimensions, 311 
Rollers, finding angle of, 1197 
Rolling hitch, 1100, iioi 
Rolls, bending and straightening, 
motors for, 995 . . . 

of various materials, gnnding 
wheels for, 512, 513 
Root of screw thread. 2 
Rope knots and hitches, 1097-1102 
Ropes, safe loads for, 1102, 1103 
Rose chucking reamer, 162 
Rose milling cutter, 1268 
Rosin, as flux for soldering jobs, 206 
Rosin, weight of, 1106 
Ross grinding- wheel dresser, 493 
Rotary cutting speeds, 328, 332 
conversion table, surface feet to 
r.p.m., 330 

lathe and boring mill time, table, 
333,334 
Rotary nles, 200 
Rotary planers, motors for, 992 
Rotating air cylinders and adapters, 
standard, S78 

Rouge, as buffing composition, 525 
Rough-cut files, tooth spacing, 197 
Round bars, weight per foot, alumi- 
num, 95 S 
brass, 9SS 
copper, 955 

iron,'9S4 
steel, 9S4 

Round broaches, push type, 643 
Round bung-head wood, screw, 1313 
Round cold chisel, 1263 
Round-end keys, Pratt & Whitney, 

Rounliiead machine belt, 1256 
Round-head machine screws, Am- 
erican Phillips, 658 
Round-head rivets, 708 
Round-head screws, American 
standard, head dimensions, 650 
British, 689 

Round holes, broaching, 642 
Round hook face grind for die 
■ ■' chaser, 193 ■ ■ 

Router bits, 129, 132 
Routing aircraft sheet metal parts, 
640<i-640c 

Rubber (hard) , drilling, 360 
grinding, 360 
machining speeds, 360 
sawing, 360 
threading, 359 
tool shapes for, 359 


Rubber (hard), turning, 359, 361 
Rubber-blanket forming, 1440 
Rubber bond for cutting-eff wheels, 
523 

Rubber-bond wheels, speeds, 498 
Rubber rolls, grinding wheels for, 

Running fits, 7^36, 738, 740, 74I 
grinding limits, 767 
Rust remover, recipe, 1061 

■S 


S.A.E., horse-power rating, for- 
mula, 969 

standard bolts, dimensions, 681, 
682 

standard brass and bronze alloys, 
uses, 1067 

standard cotter pins, 694, 69s 
standard nuts, dimensions, 681, 

682 

for taper fittings, 923 
standard rod-end nins, 693 
standard screws, dimensions, 681* 

683 

standard serrated iriiaft fittings, 

923 

standard splined shafts and fit- 
tings, 909-i) 19 

standard steel alloys, chemical 
composition cf, ioo8~ioio 
standard steel numbering system, 
1043-1044 

standard steels, for cutting with 
Stellite, speeds and feeds, 363 
forging heats for, 1096 
for high-speea saws, cutting 
speeds, 466 

recommended heat-treatment 
for, 1012-1016 

for screw-machine work, speeds 
and feeds for, 562-565 
summary of types and uses, 

104s 

for turret lathes, speeds and 
feeds for, 346 

standard taper f-ttings, 923, 924 
standard washers, 70s 
steels, milling, 1402 
Safe loads, for double-chain slings, 
1103 

for eye-bolts, ropes and chains, 
iioa 

for wire cable, 1.102 
Safety code, for grinding wheels, 
A,S.A., 489 

Safety factors, for various materials, 
939 

Safety wheel-grade markings, 485 
Sag of wire for aligning of shafting, 
table, 976, 977 
Salt, weight of, 1106 
Salt baths, for aluminum, 1083 
for drawing steel, 1026 
for quenching high-speed steel, 


1022, 1025 

Sand and shot blasting, 527 
Sand, weight of, 1106 
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weight of, 1106 

Saw- teeth, Atkins, 459, 461, 463 
Brown & Sharpe, 450 ^ ^ 

_ Simonds, 4SP, 469 

(pr holding work, 473 

foSaM?e®^4^' «»etal-cutting) 

band, 463, 470-472, 1310 
brazing, 21 1 
for celluloid, 468 
for electrotypes, 468 
for fiber, 362, 463, 472 

gnnding wheels for, S13 

If 473 

rubber, 360, 463, 460, 472 
“^^a^.cuttmg, 456-473 ^ 

blades, 463 
gage and width, 471 

inserted-tooth, 469 
lubncant for various materials, 

400 , 

speeds for cutting-ofi machines 
4bo ’ 

speeds for high-speed, 466 
, 4 S 6 , 459-461 

tooth “seV^ 470 
for various metals, 472 

for mica, 472 
tor Micarta, 358 
milling, ^98 
for plastics, 147s 
for slate, 472 
slitting, 398 

bcleroscope hardness scale, for 
I^^ous materials, 1018, riosT 
Scleroscope hardness test, 1017 
ocrap, importance of, 1339 
^^^^62^ of stock width on, 626- 

production, 1338 
648^^^’ standairi, 

tables, 64P-663 

British, 689 
capscrews, 672 
setscrews, 673 
(See also Screws) 

Screw machines, automatic, knurl- 

lug tools, 5826-582/ 

574 . S 7 S. S81- 

box tools. 542, 1310, 1311 
tangent, S42, 1311 
Browa & Sharpe automatic (see 

cam design for, 579-58 2d 


Screw inachines, circular cut n# + ^ 
esbmatmgn,aterialreqi°*^'?„I^^^ 

drcular forming tods, 54,-55^^^^^ 

chart for diameters, 55^ 

for conical points. 552^^ 

dimensions. S82/-S876 

, diameters of , 548 r-_ 

classification, Acme GndlVv^^l 
Brown & Sharpe, 5825 
Cleveland, s82g ^ ^ 
Davenport, 5825 
Greenlee, 5825 
Gndley, 5825 
iNew Bntain, 582ff 
mes and taps, 544 

forming tools, 547-551 
American standard, 586-587 

dimensions, 586-587 
estimatteg^material for work on, 

forming tools, 1311 
making, 547-552 
master tool for making 5 co— e r t 
standard blanks for,s 8 i ^ 
hollow mills, 13 IX 
limits and tolerances, 577 
speeds and feeds, 560-565 
for various materials, s6i 
for vanous tools, 562-565 
spnng dies, 544, 1270, 1312 

and number of lands. 

threading, allowances for. 5 a 6 
boring work for, 545 ^ 

speeds, 568-574 
for pipe, 567 

tools, various, 13 1 0-13 1 2 
for work on monel, 347 
Screw plates, 1312 
Screw stock, special accuracv ofic 
Screw-thread standards for Jbderal 
services, wires and practice in 

W of wire?, ss“ 

Screw threads, 1340-1362 
Acme, 1332 

Aero system, 13S2--I362 
Amencan National, 1-35/ 
classificating fits, 6— 35 
coarse thread series, s-i 5 2 1-241 

dimenaons and yiranccst 

ooarse-thread series, 10-15 

_ hue-thread series, 16-10 
8-pit(^ senes, 28 

fine thread series, 5, 16-10 

forms, I, 4, 7 ^ 

gas cylinder, 1347 
general specifications, 20, 21 
lamp base, 1351 

i6-pitch, 30 

terms relating to, 2, 3 
tolerances, 7, 10-30 
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Screw threads, American National, 

1 2-pitch series, 29 . 

(5^^ also American National 
screw threads) 

American National Acme, 46-50 
data, 48-50 ^ 

limiting dimensions and toler- 
ances, so 
modiSed form, 47 
American Petroleum Institute 
dnll pipe, 108-110 
oil-well casing, 1 03-1 07 
American (Briggs) standard pipe, 
90-102 

showing truncated crest and 
root limits, 99 
British Association, 40 

dimensions and tolerances, 41 
formulas for measurement, 59 
measuring with wires, 60, 66-68 
section and formula, 43 
British standard, of Whitworth 
form, 36-37aa 
British standard fine, 39& 

British standard pine, 39/ 

British standard Whitworth, 36, 
37 

measuring with wires, 59, 60, 66 
section and formula, 46 
sizes and tolerances, 37a, 37 & 6 , 

38-39/ 

special, 39g-39^ 

Brown & Sharpe worm, 51 
buttress, 51 

section and formula, 43 
for chandelier pipe, 101 
coach, 701 

cutting, calculations for, 77-79 
fractional, 78 
gear for, 79 
in lathe, 77-81 
metric, 79, 81 
multiple, 82-84 , 

Dardelet self-locking, 42 
diameters, 2, 172 
double depth of, S4, 83 
errors of lead and angle, 23 
fire hose coupling, 1 14-1 1 7 
fire hydrant caps and nipples, IIS, 
X17 

fits {sm Fits of screw thread) 
flats, width of, 53 
forms and tolerances, 1 
formulas for depth, and for pitch 
diameters with 3-wire meth- 
od, various thread forms, 58/ 

g a^es for fire-hose couplings, 117 
ehx angle, 81 

effect in measurement by wires, 

■ ■" :• . 

Hughes oil tool, iro 
internal, measuring, ';^6, 77 
International (metric), section 
and formulas, 43 

Loewenherz- German, formula for 
measurement, 59 
section and formula, 43 
machine, standard, 25-35/ 




Screw threads, measuring. Acme, 29- 
degree thread, 59, 60, 71-73 
of American National, SS-62, 

64,70,71 

of British Association, s 8/, 60, 
68 

of British Whitworth, 55. S 8, 66 
of Brown & Sharpe worm, 73-75 
effect of helix angle in, 72 
included angle with two wires, 
SSg-sS/t, 59 
of internal threads, 76 
Loewenherz method, s8-s8c 
of metric, 63, 6s, 67 
with micrometer, 55 
by optical method, 69 
of sharp 5S“S8 
by three- wire method, SS~68, 72 
with two and three wires, 69-71 
wire specifications, 38a, 586 
metric, 43, 65, 67 
pipe, 1 14 

“translating gears*' for cutting, 
79, 81 

multiple, cutting, 82-85 
parkerizing of, 71 
pipe, American standard, 90-102 
A.P-I. standard for oil-well 
work, 103-110 
plating of, 71 
rolled, forms, 40, 43, 46 
special threads, tolerance incre- 
ments for, 30 

standard practice in measuring 
with wires, sSa-s 86/ 
taper pipe, measuring with wires, 
iiia-iiid 

three-pitch-thread series, 27-29 
three- wire measurement, best size 
wires, formulas for 60 deg., 
55 deg., S 3 deg. 8 min, 
so deg., 47 deg., 40 deg., 
29 deg., S8 

uses of 8-pitch standard, 30 
of 12-pitch standard, 30 
of 16-pitch standard, 30 
of truncated Whitworth form, 
^6-3laa 

British Standard pipe, 375 
special thread senes, 37k 
symbol values, 376 
various, best wire sizes for 
measuring, 58 

Screw-machine cams (see Cams, 
screw-machine) 

Screw-machine reamers, ISS 
Screw-machine work, estimating 
material for, 577-578 
limits and tolerances for, $77 
speed of reamers for, ^75 
Screws, American Phillips, dimen- 
sions, binding-head, 662 
fillister-head, 660 
flat-head, 6S7 
oval-head, 659 
point, 6s 7 
round-head, 658 
truss-head, 661 
washer-head, 663 


x/ 
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Screws, American Screw Co., stand- 
ard threads per inch, 681 
British, types of head, 689 
cap {,seR Capscrews) 
classes of fits, 6-36 
coach (or lag), 701 
collar, 1312 

Kollsman Instrument Co., 666, 
667 

machine, A.S.A. standard dimen- 
sions, fillister-head, 653 
flat-head, 649 
oval-head, 6s i 
round-head, 650 
truss-head, 652 

self-tapping, Parker-Kalon, 689 
table of hole sizes for, 690-692 
shoulder, 1314 

slotted-head, standard, 648-656 
tolerances, 6, 7"35/ 
types of, 1310-1314 
washer head, 1314 
wood, American Phillips, 696 
British, heads, 689 
flat-head, 696 
kinds of head, 64S 
oval-head, 698 
round-head, 697 
standard, 695-700 
lehgth tolerances, 700 
various types, 1313 
Screws, bolts and nuts, 647-717 
British Standard Fine (3.S.P.), 

711-717 

fine thread (S.A.E.) dimensions 
682 

National Fine (S.A.E.) Standard, 
681 

Screw-slotting cutters, 464, 1268 
Seam welding, 218 
Seamless tubing, brass, weight per 
foot, 957 

brass and copper, wall thickness 
tolerances, 1068 

cold drawn, tolerances, 960, 961 
SacantSj selecting for calculating 
helical gears, 279 

Secants and co-secants, table, 1242- 
1253 

Second-cut flies, I97 
Saction lining, on drawings, S60 
Sectional broaches, 641 
Sectional dies, 1277 
Sector, of dividing head, 1314 
Segment of sphere, table for finding 
volume of, 936 

Segments of circles, 938<i-938/ 
Selecting cutter for bevel gears, 262- 

• . 266' . ■ ■ ■ ■ ■ 

Selecting motors for machine tools, 
984-1001 

Selective assembly, 738 
classes of fits for, 743-754 
Self-locking thread, Darddct, 42 
Self-tapping screws, Parker-Kalon, 

6S9 

hole sizes for, 690-692 
Sellers taper, 795 


Series-wound motors, 986, 988 
Serrated shaft fittings, S.A.E., 92^ 
Serrated wedges for tool posts. SSc 
‘‘Set” of saw teeth, 470 ^ 

Setover in lathe for turning taoers 
373 ' 

Setscrews, American standard 
socket, 684 

British Standard Fine (B.S.F ) 
711, 714. 717 

fluted head, 683 
fluted socket, 683 
heads, 673 

Setting angles for bevel gears, table 
26s ’ 

Setting diamonds for wheel dressers 
« .494 , , 

Setting studs m aluminum, cast 
iron and steel, 693 
Settings, jewel, diameters of, 192 
Settling abrasive flours for lapping, 
538 

Settling diamond powder for lap- 
ping. 534-537 

Set-up time tables for shaper jobs 
345 

Shaft fittings, serrated, S.A.E. 
standard, 923 

taper, S.A.E. standard, 923^ 924 
Shaft tolerance, 754 
Shafting, aligning by a steel wire, 
976, 977 

American standard, and stock 
ke3rs, 890-892 

cold finished, standard diameters 
and lengths, 897 

g round steel, tolerances, 897 
orse-power of, 978 
speed of, 977. 

Shafts, production grinding of, 480, 
'4S1. ■ ■ ■ ' ■ ' ' ■ 

splined, for machine use, 909 
square, proportions and allow- 
ances, 929 
taper pins for, 802 
tapered splined, 920, 921 
Shanks for drills, common, 118, 119 
for lathe and planer tools, 322 
Shapers, gear, 1315 
motors for, 992 

and names of parts, 1314, 1315 
time tables, for cutting, 344 
for setup, 34s 

Sharp V, for watch screws, 42, 44-46 
square, section and formula, 43 
terms and symbols relating to, 
2-4, 172, 860 

Thury’s Swiss, section and for- 
mula, 45 

tolerance, i, 2, 7-40, 173 
truncated gages for, 24 
watch, 42^ 

properties and formulas of, 
44-45 

of wood screws (see Screws, wood) 
worm, Brown & Sharpe, 51 
Sharp V thread, 60-degree, measur- 
ing with wires, SS. S8 


INDEX 


Sharpening, carbide tools, 368-376 
on diamond wheels, 371 
raillmg cutters, 474--47 86 
reamei'S, 160-168 
staggered-tooth milling cutters, 
477-478 

Shaved gear tooth, total depth for 
gears of 16 teeth or more, 2S2 
Shaving, burnishing, and lapping 
gears, 292 

dies, allowances for, 602, 603 
Sheared press tools, effect of, 603 
Shearing, aircraft sheet-metal parts, 
640i~640?« 

on Hydro-press, 640^-640 w 
on punch press, 64oi-64o^ 
rotary shearing, 640i-64oj 
straight shearing, 6406-6401 
of Bakelite, 1082 

penetration table, 624 
pressure for, 620-621 

for brass and steel, 623, 624 
Shearing dies, 1277 
Shearing strength of steel pins, 939 
Shedderj 1316 

Sheepskm polishing wheels, 525 
Sheet brass, tempers, 1068 
tolerances, 1068 
Sheet copper, tolerances, 1068 
Sheet steel, bending, 630-632 
tables, 633-635 
thickness tolerances, 962 
weight and thickness, manu- 
facturers’ standard gage, 946 
XJ.S. Standard gage, 945 
weight tolerances, 963 
Sheet-metal, aircraft, cutting, 640^- 
640W 

forming, 640w-64o» 

Sheet-metal table, for dimensions 
’ of cans and tanks, 638 
Sheffield taper-pin drill, 141 
Shelby seamless drawn tubing, 
weight of, 958 

Shell blanks, finding diameters, 
588-590 

formulas for, 591 
table for, 594 
Shell drills* 129, 132 
Shell end milling cutters, 386 
Shell end mills, grinding, 476 
Shell reamers, 155, 1309 
arbors for, 156, 157 
Shellac bond, for cutting-off wheels, 

^'■,■'■523,..,.^. 

for grinding wheels, composition, 
and effect, 482 

Shells, steel, lubricant for drawing, 
629 

■ Sherardizing, 1316 
Shielded arc welding, 219-220 
' Shimming locomotive wheel cen- 
ters, 1168 

Shoes and wedges, locomotive, 
bronzes for, 1188 
limits of wear, 1187 
I , Shop and drawing room standards, 
i 828-939 

* Shop recipes, 1056-1057. 1060-1062 


Shop trigonometry (see Trigonome- 
try, shop) 

Shot metal, J072 
Shot and sand blasting, 527 
Shoulder eye bolts, 703 
Shoulder screw, 1314 
Shoulder stud, 1318 
Shrink fits, 736, 738, 750-755 
grinding limits tor, 769 
making, 780 

Shrinkage, of castings, various 
metals, 1074 

tires, locomotive, 1174, 1175 
Shrinkage allowances for drop 
forging, 1085 

Shunt-wound motors, 98s, 988 
Side milling cutters, 394, 397, 1268 
Side play of calipers in ooring over- 
size holes, 721 

Side rod, knuckle-pin and bushing 
fits, ii8s 

Sides, angles and sines, table of, 

848-853 

Signals for crane operators, 1479 
Silent-chain drive, link-belt, 307, 308 
Silicate bond for grinding wheels, 
482, 484, 4^6, 4^^ 

Silicon, effect in steel, 1030 
Silicon bronzes, 1066 
Silicon carbide abrasives, 486, 487, 
488 

Silicon wheels for grinding carbide 
tools, 369, 370 
Silicon-killed steel, 222 
Silver, weight per cubic inch and 
cubic foot, 1073 

nickel, composition and uses, 
1070,1071 
Silver brazing, 21 1 
Silver coin, composition, 1072 
Silver solders, 1376 
Simonds metal saws, teeth, 459, 
468-470 

Simple knot, 1097, 1099 
Simplified, or preferred, drill sizes, 
145-147 ■ 

Sine bar, 815, 826 

attachment for use with, 827 
tables, 816-825 

Sines and cosines, table, 1 230-1 241 
Single-angle milling cutters, 398, 
126s 

Single-cut and double-cut files, 196 
actual tooth spacing, 197 

Single-point turning tools, 321-325, 
132X-1323 
angles of, 323-325 
Single-screw tool post, 884 
Sink bolt, 1257 
Skew bevel gears, 231, 128s 
Skip welding, 221 
Slabbing cutters, 394, 1268 
Slate, saws for, 472 
speed for drilling of, 126 
weight of, 1106 

Slides and gibs, dovetail, dimen- 
sioning, 809. 812 
Sliding fits, allowances for, 784 
grinding limits for, 767 
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Sliding fits, for squared sliaft, 929 
blings and knots, 1097-.! 102 
Slip bushings, jig, standard, 830 
Slitting saw, 1269 : 

Slotted screw heads, 648-656 
Slotter and planer tools, 1323 
blotters and keyseaters, motors for, 
992 

blotting cutters, screw, 464 
Slow tapers, self-holding, 7S9-794 
Small end mills, speed of, 1418 
Small flat drills, 136 
Smooth cut files, tooth spacing, 197 
Snagging wheels, speeds for, 498 
Snap gages, 733, 734 
for diameters, 758 
for length, 766 
tolerances for, 767 
Snug fits, 738, 742 
Society of Automotive Engineers 
{see S. A.E.) 

Society of Motion ^Picture En- 
gineers, data in projector 

^ sprockets, 3 1 5-3 19 

Socket capscrews, American stand- 
ard, fluted-head, 688 
boxhead, 686-687 

Socket setscrews, American stand- 
ard, fluted-head, 683 
hoxhead, 684-685 
Socket wrench, definition, 1326 
Soda water for drilling, 126 
for grinding coolant, 495 
Sodium cyanide in carburizing steel. 
1038 

Soft bearing metal, reamers for, 165 
Soft-metal punches and dies, 1443 
Solder metals, formulas for different 
jobs, 206 

melting points (A.S.T.M.). 209 
boldermg, 205-210 
of aluminum, 207 
of cast iron, 207 

cleaning and holding work for, 
205, 207 

of electrical connections, 206, 208 
fluxes for, 206 
(hard) and brazing, 210 
stainless steel j 1380 
Solders, composition of, 208 
silver, 1376 

Solid-’wheel grinding vs. flexible 
gnnding, 524 

Spacing of hexagon nuts, for wrench 
clearance, 840 

of holes in circles, 856 

table for, 845-848 
Spanner wrenches, 1326 
Spark method for determining iron 
and steel grades, 1053-1054 
Spauldite, 1081 

Speculum, composition of, 1072 
Speed of small and mills, 1418 
Speeds, for broaching, 645 
for carbide reamers, 169 
cuttiim, for aluminum, 353 
with carbide milling cutters, 


376-379, 384-391 

onversaon table, 330, « 


Speeds, cutting, definition, ^ 2 k 
for drills, fraction and letter 
size, 133 

^number size, 130 
with electric arc, 216, 217 
for estiinating time, for various 
matenals, 340 

high-speed saws, on various 
matenals, 466 
for power hack- saws, 461 
rotary, 328 

for diamond tools, 366 
for drilling and boring in Ford 
.plant, 343 

of vanous materials with high 
speed dnller, 126 
of wood, 126 

and feeds, with carbide tools -<6^ 
367-369 

for cutting, table for estimating, 

for use with Stellite, 405 
for various materials, 341-3411 
for diamond grinding wheels. 

for (frilling, chart for estimat- 
ing, 140 

on multiple-spindle machines 
141-143 

on vanous materials, ic? 
126, 134. 

for gear cutting, 289, 292 
for bobbing gears, 273-275 
for milling cutters, 375-379 
3847387.389-391,1405 
for milling of magnesium, 390 
for milling various materials, 
386-390 

for reamers, 160, 169 
for screw machines, 561-576 
for boring tools, 561 
for box tools, s6i, 562, 564 

for center drills, 561 

for cut;Off tools, s6i, 563, 565 

for facing tools, 563 

for forming tods, 562, 564 

for hollow mills, 562, 565 
for knurls, 563, 565 
for monel, 347, 349 
for reamers, 169, $63, 565, 

, $ 15 , 

for twist drills, 562, 564 
for turret lathe, 345, 346 
for flame cutting, 213, 214 
for grinding wheels, 498 
peripheral, and r.p.m., 500, 

^ SO3-504 

of grinding work, effect on wheels, 

, 499 . 
for honing, 532 
for “hot ’/ saws, 470 
for machining, of hard rubber, 360 
of stainless steel, 371 
of various materials, 340 
milling with carbide cutters, 384- 

^387. 389-393 

of oxyacetylene welding, 214-215 
of planers, actual cutting, 930 
for press work, 627-628 
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Speeds, of pulleys and gears, circum-. 
ferential, rules for, 979 
of' reamers , for screw-machme 
work, 575'' 

revolving parts, circumferential 
table of, 979-983 
of shafting, 977 
for spinning, 374 . 
of sprockets, maiumum, 314 
for superfmisKing, 540 
for tapping laminated plastics, 
3:082 . , , . , 

for threading, with high-speed 
chasers, 574 

for turning and planing monel, 351 
for turret lathe, 34^, 34b 
of various materials (Landic), 
National coarse threads, 
194,568 

National fine threads, 195, 
570 

for various jobs, ^498 
of various materials, 573 
of stainless steels, 371 
of taps and dies, 560 i 
lor wood turning, 999 
Spelter, composition of, a 10 
Spheres, area of, ^2 , ' 

volume of, 935 

Spherical segments, volume of, 936 
Spheroidizing, definition, 1004 
Spindle and anvil of thread microm- 
eter, 55 

Spindle noses, of lathes, description 
of types, 860 

type D, dimensions of cams and 
cam screws, 865-867 
types A, B, C, dimensions of 
chucks and face plates, 872- 

S73 

type C, dimensions of clampings 
of, 870-871 

' types, A, B, C, dimensions and 
drawings, 861-864, 868 
for milling machines, standard, 

874 

Spindle thread, direction of, 489 
Spindles, and arbors, for milling 
machine, 87s » 876 
for grinding wheels, parts, 489 
production grinding of, 480' 481 
Spinning of aluminum, X077 
of monel, 1081 
process and speeds, 374 
sheet metal, 374 

Spiral bevel gear drives, effect of 
mounting, 287-289 
testing, 287 

tooth bearings in, 287-289 
Spiral bevel gears, Cleason, 232 
Spiralgears, 231, 1286 

distinguished from helical gears, 
; ' 27S 

spiral spring, 1316 


Spirals (helices), cutting on Brown 
& Sharpe cutters, 40S&-40S« 
Splined shafts, 909 
grinding wheels for. 513 
i Splines, diameters, measuring, 922 


Splines, fittings, dimensions and 
limits, 91 1-9 14 
invclute, 915-919 
six-key, dimensions, 921 
tapered, for shafting, 920-921 

nobbing, 27s. 292, 294 

Splineways, formulas for, 909-910 
Split dies, 1277 

Split pins, British Standard, 711, 

713. 716 

Split taper, pins, British Standard, 
807 

(cotter pins). General Motors 
standard, 694 
S.A.B. standard, 694, 695 
Spoon bit, 129, 132 
Spot welding, 218 

Spotting tool, for screw machine, 
1312 

Sprayed metals, grinding, 5412-541 c 
speeds and feeds, for carbide turn- 
ing tools, 3740 
for high-speed tools, 3752 
turning tool angles and details, 
^ . 374 '~ 374 ? 

Spraying metal, or metallizing, 227 
Spring brass, composition and uses, 
1064 

Spring collet, 1312 
Spring dies, for screw machines, 
544, 1270, 1312 

Spring steel, heat-treatment of, 1037 
Spring washers, 706 
Springs, kinds, 1316 
Sprockets, block-chain, cutters for, 

313 

Link-Belt silent drive. 308 

Morse chain drive, 310 

for moving-picture projectors, 

315, 317-319 ^ 

roller-cham, cutters for, 313 
speeds, maximum, 314 
speeds and number of teeth on, 
316 

standard diameters, 312 
Sprocket-wheel milling cutters, for 
roller chains, 402, 405 
Spur gear teeth, corrections for long 
addendum, 254-254& 

Spur gears, 231, 1287 
chordal pitch and radius, con- 
stants for, 239 

composite gear-tooth system, 236— 
238 

bobbing of, 266-269, 272 
involute (enlarged pinion), 14 
deg. pressure angle (full 
depth), 2S2& 

involute-tooth, 20-degree, 238 
involute tooth cutters. Brown & 
Sharpe, 254 

laying out blanks for, 244 
measuring by use of pins, 255-259 
nonmetallic, horse-power of, 296 
speeds and feeds, 273 
tolerances, table of, 290-291 
20-deg. pressure angle, fine pitch, 
A.G.M.A. tentative standard 
enlarged pinion, 252a 
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Square, of area equal to circle, rule 
, for finding, 589 
inscribed, rule for finding side of, 
589 

properties of, lai 8 
Square bars, weight per foot, 
aluminum, 955 
brass, 9SS 
copper, 9SS 
iron, 9 S 4 
steel, 954 

Square bends, in sheet . metal, 

630^32,633-635 

Square broaches, teeth for, 646 
Square comer, laying out, 934 
Square and flat ^ stock keys, stand- 
ard, dimensions, 891 
Square and flat taper keys, 895, 896 
Square forming dies, 1441 
Square, and hexagon bolt heads, 
finished, 671 

_ rough and semi-finished, 670 
Square and hexagon nuts, finished, 

67s 

rough and semi-finished, 674 
Square holes, broaching, 641, 643 
Square measure, table, X104 
Square shafts, proportions and 
allowances, 929 
Square threads, 1346 
Squares, and circles, rules for 
dimensions, 589 

cubes and roots, decimal equiva- 
lents, 1131-1132 

of numbers from i to 1000, 1133- 
1142 

of numbers to 7-63/64ths, 1129- 
■ 1130 

_ table for laying out, 1212, 1213 
Squaring large numbers, 1128 
Squirrel-cage motors, 984, 085 
Staggered-tooth gears, definition, 
1287 

Stagpfered-tooth milling cutters, 475 
.grinding of. 477-478 
Stainless steel, bend radii for, 640b 
Stainless steels, 1339 
annealing temperatures for, 1037 
Carpenter, 1034-1037 
composition and heat-treatment 
for^ 1036 

properties of, 371, 1034 
soldenng, 138a 
speeds for drilling, 126, 371 
for milling, 371 
for reaming, 169 

Stampings, area and weight chart, 
^595 

rt, {See also Dies; Punch press) 
Standard boltheads, finished, 671 
rough and semi-finished, 670 
and upsets, stock allowance for. 

Standard bolts, fine thread, 681 
and nuts, 647 

British Whitworth, 38. 39. -loe 
and screws, British, 711 
Stasadard capscrew heads, hexagon, 
07Ji> 


Standard capscrews, 6S4-6'?7 
socket, 686-688 ^ 

Standard classification of locomn 
tive repairs, 1166 

Standard composite gear-tooth sys- 
tem, 236 i toys- 

S.A.E., 694, 69s 

Standard, die ;^sets, classification 
sheets for, 610-615 
Standard^ dovetail fonning took. 

Standard draft angles and allow- 
ed ances m drop-foiging dies, 1086 
Standard drill-pipe threads, APT 
108,109 ‘•"•In 

Standard faces of grinding wheels 
S02 ’ 

Standard fits, allowances and toler- 
ances for all classes of, 736 
applied to interchangeable manu- 
facture, 738, 747 
classifications of, 738 
gnnding limits for, 767-769 

Standard gages, of American Gage 

^ Design Committee, 7 qq-ydo 

Standard gear tooth, pressure angle 
of, 246 

Standard gears, pitch diameters of 
250 ’ 

Standard grinding-wheel markings, 

X 2 X 

Standard high-speed tools, speeds 
_ and feeds, 561-566 
Standard hole practice in inter- 
changeable manufacture, 722 
„ 735-7227 

Standard inch, 727 
Standard ^ involute gear tooth, 
definition, 230 

Standard jam nuts, 674-676 
Standard jig bushings, 828-831 
Standard key slots and key-slot 
04. woodruff, 899, 902, 904 

Standard l^ys, for shafting, 890-896 
Woodruff, A.S.A., S99— 902. 006— 

’ 908 

Standard key ways for holes in 
geare, A 6.M.A., £98 
Standard lathe spinole noses, 860- 
874 

Standard_ linear units, English and 
metne, comparison, 1117 
Standard locknut threads, Amer- 
ican, 102 

Standard locomotive axles, A.A.R 
1189-1191 

Standard locomotive bearings, 
bronze, 1188 

Standard machine screws, A.S.A. 
648-653 

American Phillips, 657-663 
American Screw Co., 681 
Standard machine-screw heads, tap- 
dnll sizes for, 666 
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standard machine-screw' nuts, , 677 , 
wrench openinpES for, 678 , 

Standard machine-screw threads, 
American National, coarse 
thread series, 4-1 5 
fine thread series, 6-19 
Standard milling cutters, dimension 
of, 396-402 ^ 

straight tooth and helix angles, 
393 . . 

Standard nonmetallic gears, 
A.G.M. A., 294-298 
Standard oil-well casing threads, 

A.P.I., 106, 107 

Standard pipe threads, American 
taper, 90-99 ^ , 

measuring, with 3-wire method, 
riia-iii6 

with 2-wire method, inr-iiid 
American straight, 93 . 1-00 
Standard piston and key taper, 
A.A.R., 1191 

Standard pitch diameters and out- 
side diameters of sprockets, 312 
Standard plug and ring gages, 7 S 9 - 

"■ '.763 ■ 

Standard reamed holes, S 77 
Standard rivet heads, 710 
Standard roller-chain dimensions, 

, 3'XI 

Standard screw threads, American 
(National), i-^O. 40 
coarse thread series, 4-1 s 
Class I, loose fit, 6 , lo-is 
Class 2, free fit, 6 , lO-is 
Class 3, medium, fit, 4.10-15 
Class 4, close fit, 5. xo-is 
fine thread series: 

Class I, loose fit, 4, 16-19 
Class 2, free fit, s. x 6-1 9 
Class 3, medium fit, s, 16-19 
Class 4, close fit, 4, 16-19 
British Association (B.A.). 46, 41, 
'■'43 ■ 

buttress, 43 

International (metric) ,43 
Loewenberg- German, 43 
sharp V 60-degree, 46 
square, *43 

Whitworth, 37 <x, 39 . 46 
dimensions of, 3766 " ^ 

radius of, 3 7£t 

sizes and tolerances, of bolts, 38 
of nuts, 39 

Standard screws, bolts and nuts, 
National fine (S.A.E.), 681, 682 
Standard screw-thread symbols on 
drawings, 860 

Standard setscrews, fluted socket, 
683 

head dimensions, 673 
hexagonal socket, 684 
Standard shafting, cold' finished, 897 
and stock keys, 890-892 
Standard shaper time tables; for 
cutting, 344 
for set-up, 345 

Standard sizes for aircraft tubing, 
proposed, 6406-640C 


Standard specification, for screw- 
thread gage. General Motors, 
762 

Standard split pins (cotters), U.S. 
Ordnance, ^3 

Standard sprockets for projectors, 
3XS-3X9 

Standard stove-bolt nuts, 677 

Standard stud bolts, continuous- 
thread, 668 
double-end, 665 
tap-end, 664 
Standard T belts, 878 
Standard T nuts, dimensions and 
tolerances, 879 

Standard T slots for machine tools, 

877 

cutters for, 878 

Standard taper for locomotive piston 
rods and ke:^s, 1191 
Standard taper pins, U.S. Ordnance, 
803 

Standard taper shanks, key drive, 

789,791.793.794 

tongue dnve, 7S9-792 
Standard tapers, self-holding (slow), 

789 

of Standard Tool Company, 795 
Standard temperature for limit 


gages, 733 

Standard tolerances for drop and 
upset forgings, 1091-1095 
for reamers, British, 154 
Standard tonnes for T slots, in- 
serted and solid, 880 
reversible, 881-883 
Standard tool-holder shanks and 
tool-post openings, 884 
Standard types of grinding wheels, 
501 

Standard upsets and belt heads, 
stock allowances for, 930 
Standard washers, S.A.E. and U.S., 

70s 

Standard wood screws, 695-700 
Standard worm gears, A.G.M. A. 

formulas for, 300-304 
Standard wrench openings, 669, 678 
Standards, international, for cylin- 
drical parts and limit gages, 755 
for rotating air cylinders and 
adapters, 578 

Star wheel-grade markings, 485 
Starret hack-saw blades, 462 
Stay bolt tap, definition, 171, 1319 
Steam-boiler plugs, composition and 
melting points, 210 
Steam engine horse-power, formula. 
968 

Steam hammers, 1084-1085 
Steel, annealing, 1005 
austenitic condition of high- 
speed, 1030 

Bessemer, speeds for threading, 
568-571 

calescent arid recalescent points in 
heating, 1031 

carbide cutters, for milling, 376- 
379 , 384-386, 388-393 
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Steel, carbon, batbs for drawing 
tools, 1027 

grades and uses, 1006 
specifications, for railroad axles, 
1189 

carbon tool, hardening, 1029 
heat- treat merit of, 1028 
tempering table, 1029 
uses of, 1027 

carburizing of, automatic, 1039 
colors in, 1040 
definition, 1004, 1038 
factors in, 1038 
fiat work, 1041 
materials for, 1038, 1041 
General Motors, specifica- 
tions for, 1039 
Packard units for, 1039 
rate of penetration, 1038-1040 
case hardening of (see Steel, 
carburizing) 

case-hardening, comparison of 
hard-tempering steel with, 
1007, 1008 

cast, weight per cubic inch and 
cubic foot, 1073 
chapmanizing, 1040 
cold drawn, tolerances, 964, 966 
corrosion-resistant, for aircraft, 
cut by various methods, 6406- 
640/, 640i 

formed by various methods, 
640w-640^; 

(See also Aircraft sheet-metal 
cutting methods and form- 
ing methods) 

critical temperatures of, 1031 
different types, cutter angles for, 
388 

effect of various ingrecUents in, 
loii, 1030 

fiat sizes, weight, 956 
general-purpose, for welding, 221 
grinding wheels for, S14 
hardened, drilling, 147 
hardness tests, Brinell, 1054 
cloudburst, 1054 
file method, 1055 
Hadfield, 1057 
Monotron, 105s 
Rockwell, 10x7 
Scleroscope, 1017 
spark method, 1053-1054 
Vickers diamond, 1055 
heated, colors of, 1032 
heating, in liquids, 1004 
rate, 1021 

heat-treatment, hardening, 1018- 
1021, 1028 

methods, 1003-1006, 1031-1033 
for S.A.E. steels, 1012-1016 
of spring steel, 1037 
honing, 531 

horse-power required for drilling, 
t. ^35 

h<^-rolled, tolerances, 966 
lubricants for drawing, 629 
for drilling, 126, 145 



Steel, lubricants for lapping, 530 
for threading, 193 ,. 335 , 336-330 
for various operations, 336~3to 
magnetic superhardening of. io« 
marking on, io6i ' 

niter-bluing of, 1060 
nitriding of, 1042 
pressure for punching, 620-622 
for shearing, 620-621, 623, 621 
quenching, air, ic’26 ^ 

temperature for, 1043 

quenching baths, oil, 1022 

salt, 1022, 1025 
various, 1060 
reamers for, 165 

rolled, weight per cubic inch and 
cubic foot, 1073 
safety factors for, p39 
speed, of cutting with arc, 216, 217 
for drilling, 126, 134, 141, ^43 
for machining, 340 
for threading (Landis), 104, 10 

568-571 

speeds and feeds, for cutting with 
Stellite, 363 

for milling, 3777379. 384-387 
for screw-machine work, 562- 

567 


spring, heat-treatment of, 1037 
strength of, 625-626 
tapers, 7966 

terms relating to heat-treatment 
1003 

tool, characteristics and uses, 
1010, ion, 1027-1029 
Steel balls, for burnishing, 527, 528 
tolerances, 965 
weight of, 528 

Steel bars, color code for marking, 
1051-1053 

manufactunng tolerances, 967 
weight of, 952, pS4 
Steel castings, grinding wheels for, 
512 

strength of, 625 
Steel forrings, reamers for, 165 
speed for drilling, 126, 134 
Steel fractures, meaning pf, 1021 
Steel grit for blasting castings, 527 
Steel pins, shearing strength, 939 
Steel plates, weight, Birmingham or 
Stubs’ gage, 950 
manufacturers’ Standard gage, 
946 


tons pressure to punch, 621® 
XJ.S. Standard gage, 945 
Steel sheets, bending, 630-632 
tables, 633-635 
thickness tolerances, 962 
weight and thickness, manufac- 
turers’ standard gage, 946 
P^.S. Standard gage, 945 
weight tolerances, 963, 964 
Steel shells, lubricants for drawing, 
'■ '630 


Steel stampings, area and weight, 
chart for, 595 

_ (See also Dies; Punch press) 
Steel tool symbols, Ford, 1049 


1 


i 
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steel tubing, bending, 632, 636-638 
cold-drawn seamless, tolerances, 
960, 961 

radii for, 632 „ ■ 

Shelby, weight of, _^9S 8 . 

Steel wire, sizes for dowel pins, 152 
strength of, 626 . ■ 

•use for aligning shafting, 970 
weight, Amencan or Brown & 
Shai-pe gage, 95 x 
Birmingham or Stubs’ gage, 
944, 950 ; 

Steels, alloy, basic numerals under 
S.A.B. numbering system, 

1044 . . 

characteristics, loio-ioii, 1030 
composition, chromium, 1009 
chromium- vanadium, 1009 
molybdenum, 1009 
nickel, 1008 
nickel-chromium, 1008 
silicon- manganese, 1010 
tungsten, 1010 

cutting speeds for estimating 
purposes, 340 
feeds, 342 

heat-treating of, 1012-1016 
ingredients, and effects of, 
table, 1030 

lubricants for threading, 335 
speeds for reaming, 169 
uses, ion, 1045 

automotive, in Ford industries, 

1046-1049 

S.A.E.,_ 1043-1045,^1050 
comparative properties of case- 
hardening and hard-temper- 
ing, 1007 

drawing baths for, 1026 
hardening bath, 1006 
’high speed, 1 030-1 03 5 
machine-tool, 1050 
National Emergency, 1333 
S. A.B., numbering system for, 

1043-1044, , 

recommended heat-treatment 
for case-hardening, 1012-1016 
summary of lands and their 
uses, 1045 

stainless, annealing temperatures, 

;■ ' 1037 ^ 

. Carpenter, 1034-1037 

composition and treatment, 
1036-1037 

properties of, 371, 1034 
speeds, for drilling, 126, 371 
for milling, 371 

for reaming, 169 
tough, for truck service, 1050 
Stellite, cutting speeds for milling 
with, 40 s 

g rinding wheels for, s 14 
oning of, 531 / 

for machimng Hgh-nickel alloys, 
347 , 

properties and uses, 1033, 103s 
Stellite J-metal, 362-364, 405 
speeds and feeds with, 363 
Step bolts, 1256 
Step-back welding, 221 


Sterbon, 482 

Sterling wheel grade markings, 485 
Sterlith, 482 

Stevedore knot, 1097, 1099 
Stock, allowances, for boltheads and 
upsets, 930 
for grinding, 577 
for finishing, 543 
for reaming, 57^ 

Stock stops for cUes, automatic, 
611-612 

trigger, 615, 616 

Stock weights and wire gages, 940- 

Stock width, influence on scrap, 626, 
628 

Stone, safety factors for, 939 
Stones, pallet, 192 
Storage of grinding wheels, 484 
Stove bolt, 1257 
Stove-bolt nuts, 677 
wrench openings for, 678 
Stove-burner drills, 129, 132 
Straddle milling cutters, 383, 1268 
Straight bevel gear system, Gleason, 
266-2667 

calculations for, 266«-266g 
dimensions, 266/-266g 
Straight edge, 1318 
Straight fluted drills, 129, 132 
Straight pipe threads, American 
Standard, 95, 100 
Straight “ set ” for saw teeth, 470 
Straight-hook face grind for die 
chasers, 193 

Straight-shank drills, 118, 119, 132, 

■ I3S. 

Straight-tooth milling cutters, giind- 
ing of, 474 

Strength, of materials, 625 
of milling cutters, 376 
hardness of steel, 1057 
sheanng, of steel pins, 939 
of welds, 220 
Stripper plates, 1318 
for standard die sets, 612-614 
Structure (grain spacing) of grinding 
wheels, 484 
Stub reamers, iss 
Stub threads, 1344 
Stub-tooth gearing, 20-degree in- 
volute, 238 

Stub-tooth gears, dimensions, 246- 
. 248 

Pellov/s, 1438 
pressure angle, 240, 247 
Stubs’ steel wire gage sizes, 940, 

941-943 . 

for dowel pins, 152 
and weights, 944 
Stud, collar, 1318 
flange, 668 
shoulder, 1318 

Stud bolt, continuous-thread, 668 
double-end, 66s 
tap-end, 664 

vStud fits, in aluminum, 189 
in cast iron, 188 

Studs, British Standard Fine 
(B.S.F.)» table, 7i4» 7i7 
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Stubs, end fits, allowances for van- 
ous metals, 693, 694 
setting of, 693 

steel, use in welding cast iron, 226 
threads on, 187 

Sub-press, double-acting, design and 
^ names of parts, 61 1 
Sub-press dies, 1277 
Substances, nbn-metallic, weights of, 
_ 110S-1106 

Sulphur, effect in steel, 1030 
weight of, j 106 

Sulphuric acid, for piclding, 1062 
for soldering, 207 

Sulphurized oils, for cutting lubri- 
cants, 14s 

Superfinish, process, 540-541 
ratio of reciprocations to work 
revolutions, chart, 541 
Superfinishing, of brake drums, S4r 
_ of piston, 541 
Surface broaching, 641 
Surface gage, 1285 
Surface gnnders, use of magnetic 
chuck on, 517 
uses of, 479 

Surface grinding, arc of contact in, 
,497 

_ wheel speeds for, 498 
Surface plate, 13x8 
Surface speeds, conversion table 
for corresponding revolutions 
per minute, 330 
Swaging, hot and cold, roS8 
Swaging blocks, 1318 
Swaging dies, 1277 
Swiss pattern files, 199 
Iwss (Thury’s) thread, 45 
Sykes gear-cutting method, 232 
Symbols, for Ford tool steels, 1049 
of metals, 1073 

screw-thread, on drawings, 860 
Synthane, 1081 


T bolt, standard dimensions and 
tolerances, 878 
T-bolt stud tool post, 885 
T nuts, standard dimensions and 
tolerances, 879 

T-slot cutters, dimensions, 878 
milling, 399, 1269 

T slots, standard, for machine tools, 
B77 

standard tongues for, 880 
Tackle block, right method of rig- 
gmg, 1100, iroi 

Tangent ^ box tools, for screw 
machines, 542 

Tangents and cotangents, table, 
1219-1230 

Tank and hull rivets, U.S. Navy, 707 
Tanks, round, vertical, capacity, 938 
Tantalum, propeities of, 1073 
weight per cubic inch and cubic 
foot, 1073 

T^talum-carbide alloys, grindign 
wheels for, 51S 
Tantalum-carbide tools, 364 


Tap bolts, I2S7 

^"*”Siwf i4l’ “achme 

American standard thread xar 

ISO ’ 

Kollsman. 

T^ drills, 147-152 

for Briysh Association thread. i k2 

for Bntish standard pipe threads, 

selected sizes, 1382-1390 
for tmncated Whitworth form 
threads, coarse series, x7x 
fine series, 373 

suggested, British standard •Dine 

S 7 aa ■ 

for uniform pitch thread series 

_ 

Tap-fluting cutters, 1266 
Tap length and number of lands for 
screw machine, 546 
Tap tolerances, 177, 179 
Tape, for measuring locomotive 
wheels, 1176 
Tap-end stud bolts, 664 
Taper in dies for standard sets, 61 1- 
014 

per inch and corresponding angle 
diagram, 809 • 

Taper fittings for shafts, S.A.E., 02-^ 

^ 924 ^ 

Taper fits, 781 

used in locomotive work, 1181- 
1182 

Taper gage, precision, formulas for 
finding, center distance be- 
_ tween discs, 78s, 786 
disc diameters, 785-787 
taper per foot, 788 
width of opening at end, 788 

_ use of, 78s 

Taper mside die, clearance due to 
grinding, 60s 

Taper keys, gib head, 896 
plain, 895 

Taper pins, British Standard, 807 
Brown & Sharpe, 802 
drih sizes for, 144 
Pratt & Whitney, 801 
selecting for shafts, 802, 804-806 
U.S. Ordnance Department stand- 
_ ard, 803 

Taper pipe threads, American or 
Bnggs, 90, 96-99 
gages for, 91-93 

measuring with 2 and 3 wire 
_ methods, iiia-i iid 
pitch diameters of, 90 
Bntish standard, 110-113 
Taper plug gages, standard tapers. 
795 

Taper reamers, Morse, 155 

Taper ring gages, standard tapers, 

^796 

Taper saw file, 198 
Taper stock keys, square and flat, 
89s 




INDEX 


Taper threads in locomotive work, 

Tapered^ splined shafts, Barber- 
Colmaii system, 020, 921 
Taper-pin reamers, I5S» rsb 
Tapers, 78578” 

amounts for lengths, to 24 in., 806 
Brown & Sharpe, 797™799 
dimensions on drawings, 8S9 
per foot, end corresponding 
angles, 808 

^e^drive,^ shank retained by draw 
bolt, 792, 794 

shank retained by key, 789. 79i, 
793 

Morse, 797, 800 
Reed, 795 

Sellers, 79s . ^ 

standard self-holding (slow), 789 
Standard Tool Co., 79s 
steep, 7966 . 

table for computing, 808, 810-811 
tongue drive, shank retained by 
draw bolt, 791, 794 
shank retained by friction, 789, 
790 

shank retained by key, 780, 79i» 
792 

turning between lathe centers, 373 
Tapped hole an d nut dimensions and 
tolerances, American National 
screw threads, ii, 13, is, 17 
Tapped holes, drills for, 1381 
Tapper tap shanks, tolerances for, 
186 

Tapping lubricants, for multiple- 
spindle machines, 141 
for vanous materials, 337, 339 
Tapping speeds, for aluminum, 355 

for brass, 573 

for iron and screw stock, 573 
for laminated plastics, 1082 
relation to mateiial, 187 
Tapping-machine speeds, multiple, 
102 

Taps, Amencan Standard form of 
thread, 170 

American taper pipe, drill sizes, 
lOI 

for Ampco metal, 1329 ^ 

boiler, definitions, 171 
commercial-ground thread, 173, 
175, 3:78, 181, 183 

crown, 191 

cut thread, 175-176, 178, 180, 183, 
184, 185 

' cutters for fluting, 400 
definitions, 1 70-1 7 2 
and dies for American Standard 
thread series, 174 

and dies, chasers for, 193 

chasers for, for high-nickel 
alloys, 348 

and dies, multiple-thread, 174 
for screw-machine work, 544, 

g rinding wheels for, 515 
and, National form, 178, 180 
kinds and uses, 170-171, 1319 


Taps, machine-screw, definition, 17 1 
marking system, 173 
mud, 185 

nut, definitions, 171 
pendant, 191 

pipe, general dimensions, 182-186 
tolerances, 183 

regular or “ Standaid,’" 175-176 
precision-ground thread, 173, 173, 

179 

pulley, definition, 171 1 1319 
screw, Elgin watch, 189/ 190 
Waltham watch, 19 1 
staybolt, definitions, 171. 1319 
for studs and stud holes, 693 
and tapping, 170-195 
threading speeds with, 187 

washout, 185 

Teeth, of broaches, 641-646 
gear, calculations for, 233» 234 
diametral and circular pitch, 
table of correspondence, 235 
diametral pitches, actual size, 

24s 

bobbing method of cutting, 
266-275 

how generated, 267 
involute, cutters for, 254 
{See also Gears) 
metal-cutting saws, 456-461 
hack saws, 461-463 
number recommended for vari- 
ous materials, 459 
“sets,” 470 

Temperature, effect of changes on 
linear dimensions of metals, 783 
for quenching steel, 1043 
Temperature conversion tables, 
1023-1024 

Temperatures, critical, of steel, 1031 
Tempering, definition of, 1004 
Tempering table for different tools, 

1029 

Tempers of copper alloys, 1065 
of sheet brass, 1068 
Templets, testing angles with plugs, 

1209 

Tensile strength, of different mate- 
rials, 625-626 
and hardness, 1026 
Terneplate, definition, 640 
Testing angles with plugs, 1209- 
. 1212 - 

bearings, lead wire for, 1083 
flatness, with optical flat, 728-731 
for checldng gage blocks, 730 
melting points of fusible alloys, 
209-210 

pyrometers, 1043 
spiral bevel gear drives, 286-289 
V angle of gages with plugs, 1 209- 
1211 

Tests, milling, with coarse tooth 
cutters, 379 

with negative rake face mills, 391- 
393 

Tests of hardness {see Steel, hardness 
tests) 

Texrope drive, horse-power of, 974 
Textolite, machining of, 358 
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locomotive 

trames, 229 

rhermoGouple, 1031 
inermometer calibration, table of 

.... ■ 


yuifi 

"T^^-walled tubing, bending of, 

Third-angle projection, 857 
^"r®a,d^^ages, tolerances for, 762, 

Gages) 

1 hread-gnnding wheels, 1423 
i bread lobes on automatic screw 
machine cams, for opening die 
heads, s8i--582<i 

heads, 382c, 382& 

i bread tool, angle measurement, 52 
table, S3 ’ ^ 

grinding of fiat end, 53 
i breading, ^ on automatic screw 
machines, 574, 575. s8i-s82& 
points on cams and dies. S7ia 
_ , 575/581-5826 ’ 

Bakelite, 1082 
fiber, 361 
Formica, 356 
bard rubber, 359 
lubricants for^ 335-340 
Micarta, 357 

on screw machine, allowances for 
. 545, 546 
stainless steel, 371 
Threading speeds, for acorn dies, 560 
for pipe, 567 
for taps and dies, 560 
for various materials (Landis). 

tools for aluminum, 355 
Threads, coach screw, 701 
in die casting, 1076 

drill pipe A.P.L, 108, 109 
Hughes Acme tool joint, no 
locomotive injector couplings, 

P^PC'^^erican (or Briggs), 90, 

screw, 1340-1362 
square, 1346 
stub, 1344 
on studs, 187 

taper, in locomotive work, 1182 
tbree^wre measurement of, 55-68, 

^^i^orm-pitch-series, topdrills for, 

worms, SI, 298 

n't, Screw threads) 

Inree-fmted tools, measuring, 720 
Througb-feed and in-feed, la 
centerless gnnding, 519 
Thumbscrews, 1314 
Thuiy's Swiss thread, 45 
Tight fits, 736, 738, 744, 745 
Timber, hitch. 1100, iioi 


estimating, 340^ 

Time for changing die sets, iaa a 
Time tables, for sbaper, 344, 345 

^ fbSiblt; 208^ 

properties of, 1073 7-^05 

strength of, 626 

uses in copper alloys, io63-.To<^e 

properties, 1075-1076 
tinned brasses, 1070 
composition and use, 1070 

hot-dip process for, 
of brass parts, 1061 

Tife Mtf ’^4 

Tires, locomotive, boring and turn- 
ing, 1167-1169 

chart lor turning speeds, 1171 
roughing and finisMng tools for 
1168, 1169 ' 

section of, 1170, 1171 
shrinkage of, 1174, 1175 
tbickness, minimum, 1173 
wear allowances, 1170 

Titanium, effect in steel, 1030 

Titanium carbide tools, 364 
Tobin bronze (Naval brass), com- 
position, 1064, 1066 

properties, 1071 

®^®®S68-S7X 194-195 

uses, 1067 

Tolerances, and allowance, diagram, 
72s 

for i^etal fits (see Allowances 
and tolerances for metal fits) 
use^ of terms, 735 ^ 

American National screw thread 
coarse-thread series, lo-x < ’ 
fine-thread series, i6-'zg 
bilateral, 725, 1320 
for bolt heads, finished, 671 
brass and copper sheet, 1068 
on brass and copper tubing, 964 
on commercial materials, 960-067 
of cone gears, 1426 
definition, 3, 173, 731?. 
on drill points, British standard 
141 ' ' 

on drill rod, 960 

and upset forgings, 1091- 

and fits for Bower roller bearings 
038, 842 ’ 

for New Departure Radax 
bearing mounting, 836 
in gages, 732. 760-767 
^ direction of, 732 
in gaging, Newall system, 726 
in gearing, 289-293 


INDEX 


Tolerances, for “ go ” and “ not-go ” 
thread gages, 761-763. 767 
for hand taps, 177, 179 
increments for special threads, 30 
lathe, 1450 , 

manufacturing, necessity for, 726 
for mud taps, 185 
National screw-thread gages, 76s 
neutral space in, 726 
oil-casing gages, no 
pipe gages, 97 
for pipe taps, 183, 184 
for pipe-thread gages, 94, 95, 97 
pitch diameter, Whitworth threads 
of special dianaeters, etc., 
37/1-37M ^ 

in plug gages, 761-763 
in plug, ring, and snap gages, 767 
on reamers, 154 
British, IS4 

on rolled materials, 964 
on screw stock, 96s 
on screw threads, American 
National, i, 7”3S/ 

American National Acme, 46- 
50 

British Arsociation, 40-41 
on screw threads, British Stand- 
ard Whitworth, 38-390 
for screw-machine work, S77 
on screws and nuts, 9, 11-24, 
26-35/ 

shafting, 897, 967 
on spline fittings, 909-914 
involute, 915-919 
on steel balls, 965 
steel bars, cold-drawn, 966, 967 
hot-rolled, 966 

on steel sheets, thickness, 962 
^ weight, 963 
on T nuts, 879 

tapped hole and nut, American 
National screw threads, ii, 
13. IS. 17 
on taps, 177 

on thread pitch diameters, 7 
on tool bits, 964 
on tubing, 960, 961 
unilateral, 725, 1320 
war emergency, for bolts, 4ia-4i& 
on Woodruff key slots, 903 
on Woodruff keys, 900, 901 
on Woodruff slot cutters, 904, 90s 
for wood-screw lengths, 700 
on worm geaiing, 293, 306a~zo6d 
zero line in, 72s, 726 

(See also Allowances and toler- 
ances; Dimensions and tol- 
^"erances)'' , 

Tongue drive, standard taper 
shanks, 789-792 

Tongues for T-slots standard, 
inserted and soHd, 880 
reversible, 881-883 
Tonnage capacity of power presses, 

' ■ .'■'6l8' 

Tool angles, 1329, 1363-1369 
for lathe and planer, 324, 325 
Tool bits, tolerances, 964 
Tool cabinet and work bench, 201 


Tool carbon steel, baths for drawing. 

1027 

Tool and die work, oilstones for, 530 
Tool grinders, uses of, 429 
Tool posts, kinds, 884-886 
Tool setting, with compound rest, 

329 

Tool steel, carbon hardening, 1029 
heat-treatment, 1028, 1029 
tempering table, J029 
threading speeds, 570-575 
uses of, 1027 

characteristics, 1010, loi I 
fracture of, 1021 

hardening methods for, 1017, 
1054-1055 

appearance due to faults in, 

1019 

speed for drilling, 126 
uses, loii 

Toolholders, definition, 884 
shanks and bits for, 888 
Tool-post standards, 884-886 
Tool-room layouts, by shop trig- 
onometry, 1198 

Tool-steel forgings, feeds for ma- 
chining, 341, 342 
Tools, broaching, 642-646 
carbide, zero and negative rake, 
3760-376& 

carbide cemented, 364 
grinding, 368-371 
speeds and feeds, 367, 369 
turret-lathe speeds with, 346 
chromium-plated, 364 
cobalt, composition and heat- 
treatment, 1035 
cutting, for aluminum, 354 
definitions, 322-324, 132X-1323 
formed, 326 
shapes, 322, 323 
terms used for, 321, 324 
diamond, data on, 366 
kinds, 36s 
uses, 364-367 

double-action press, 609, 610 
grinding wheels for, 515 
high-speed steel, turret-lathe 
speeds with, 346 

improved cutting-edges, 5282- 
5286 

lathe and planer, 322-323, 1321- 
1323 

names of parts, 1296 
for machining Formica, 356 
for machining high-nickel alloys, 
347-350 

planer and Blotter, 1323 
punch-press, calculations for oper- 
ating, 588-597 

clearance for punches and dies, 

597-609 

dies for, 609-618 
lubricants for, 629, 630 
standard die sets, 610-615 
stock stops for, 611, 614, 615, 
616 

£ot screw machines, details, 
speeds* feeds, ect., 542-587 
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Tools, for screw machines, American 
panaara, circular forming 
tools, and, itolder, s82/-s87<z, 
.1311^ 

dovetail forming tools, 547, 540, 

. 582/, 5875~.587£^ 

forming tools, making, 540—552 
screw-machine, speeds and feeds. 

^^^"”566. 573 S7S 

Aoee cwo Screw machines) 
shaper, for hard rubber, 350 
single-point, 321-323 
bteilite, cutting speeds and feeds 
with, 363 

turret-lathe speeds with, 346 
superhardenmg of, 1033 
tempering table for, 1029 
thread, angle-measurement table, 

titanium and tantalum carbide, 
364 

tungsten carbide, 3154, 367 
gnnding wheels for, 515 
tungsten high-speed, for machin- 


tungsten high-speed, for machin- 
ing nickel alloys, 347 
turning and boring worn, 321-374 
typical, from various classes of 
Steel, loii 

woodworking, oilstones for, 530 
Tooth arrangement, for broaches, 
041 

Tooth bearing, in spiral bevel-gear 
dnves, 287-289 

Tooth depth, shaved tooth, standard 

_ proportions, 252 

Tooth nomenclature, milling cutter, 

Tooti parts, gear (wc GearsV 
m 239-243 

iooth pi ©portions, shapes for gears, 
definitions, 230 

for spur-gear tooth systems, 236— 

_ 238 

Tooth spacing, for broaches, 641 
of files, 197 

Torque, formula for nonmetallic 

^ears.294 

lopion spring, 1317 

Total keyway depth, table, 893 

lough steels for truck service, 1050 
track bolt, 1257 
Trade names of abrasives, 487 
trammels, 1324 

Translat^gears^for cutting metric 

Translating thread standards, 1342 
Transmission gears, Packard, car- 

bunzmg 0^1039 

irenton Iron Company, wire gage 
sizes, 941 

Trepanning tool, 1324 
inangles, area, -rule for, 592 
integral right-angled, laying out 
842 * 

other than right angle, calculat- 
i, , ing, 1211 
' i>roperties of, 1218 
xight^angle, calculations for, 1198- 

4 f laying out, 1212 


Trigger stop for dies, 6is 
Tngonometry, shop. Ingle cor 
stants. 1193-1198 
angles, chart of, 1198 
laying out, 1196 

contw, 

how tables are uled. 1103-121, 
la^ng out regular polysSns, " j, 
^ “enters, 11O8-X200! 

IJroperties of regular figures, 121, 
nght angle tnangles, formulas for 
sides of, 1197, 1209 
solution of problems, 1198™. joAO 

secants, table of, X242-12C3 
sines, table of, 1230-1241 

tangents, table of, 1219-12 30 

testing angles with plugs, 1209- 

Trimming dies, 1278 
Triple-action dies, 1278 
Troubles iu drilUug, causes and 
remedies, 128 ^ 

Troy weight, table, 1104 
Truck ^axlov locomotive, pressures 

Truck steels, 1050, 

^^^38?'^382°^ face-milling cutters, 
Truing and dressing grinding wheels 

^ diamond tools for, 49 3-40 ’ 

Truncated thread gages, 24 
Truncated Whitworth fo?m screw 
threads (see Whitworth trun- 
Gated iorm screw threads) 
Bntish Standard pipe, 37g 
coarse thread series, 37a, 37^ ,, 

^ suggested tap drill sizes, 37* 
tine thread senes, 37^, 37/ 
gages, plain and thread, 370-372 
snap, nng, and plug, details 
370-37W ’ 

inspection gage data, 370—371; 
inspection gages for, 3 70-3 711; 
plain and thread, 3 75-3 7^ 
plug and ring, ^75-37« 
special yiread senes, 37/1 
iruss'-head machine screws, Ameri- 
can Phillips, 661 
^ head dimensions, 652 
Tube drill, 132 
Tubes, honing, 531 
fubmg, aircraft, proposed standard 
sizes, 6406-640C 
bending of, 632, 636-638 
brass, seamless, weight of, 957 

.copper, tolerances, 964 
1068 ^ 

chandelier, 10 1 

cold-drawn seamless, tolerances. 
960, 961 
weight of, 958 

Tumbling barrel, for ball burnishing. 

Tumbling work, 1446 

steel, loii, 1030 
gnnding wheels for, 515 
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Tungsten,: properties of, 1073;" ■ ; 

weight per cubic men and cubic 
foot, 1073 

Tungsten carbide, for gages, 765 
Tungsten carbide tools, drills, 
speeds' of, 14S' 
relief and rake angles, 367 
'uses,' 364, 367 ■ ■ ■■ , 

Tungsten high-speed steels, for tools 
for macnining, 347 
Turnbuckles, 1324 , , ' 

Turning, allowances left for grind- 
ing, 5x6, 517 

and boring, 321-^ 74 

constants for time of, 327 
time of tool travel, table for, 332 
various materials, cutting-fluids 
chart for, 336-339 
and cutting gear blanks, 253 
fiber, 361 
Formica, 3S6 
hard rubber, 359 
locomotive crankpins, 1172, 1181 
locomotive tires, 1167 
Micarta, 357 

monel, speeds and feeds for, 351 
sprayed me tal, 374-374^ 
stainless steel, 371 
tapers between lathe centers, 373 
Textolite, 358 
wood, speed for, 999 
Turning practice, advances in, 346a 
Turning rod (copper-base alloy), 
composition and uses, 1064, 
1070 

Turning speeds, figuring, 328 
Turning tools, diamond, 364-367 
for high-nickel alloys, 347, 348 
single-point, 322, 323 
2iero and negative rake, 3460 
Turpentine, lubricant for dnlling 
hard steel, 126, 14s 
Turret lathe, speeds and feeds, 345, 
346 

tools, 1415 
Tuyere, 1324 

Twist drill, British tolerances on 
point diameters, 141 
chromium-plated, 364 
definition and uses, 118 
and steel wire gage sizes, 940; 942 
special types, 129, 132 
{See also Drills) 

Two-li]p gun drill, 134 
Two-wire measurement of included 
thread angle, SSg-SP 
Two-flute or three-flute tap, defini- 
tion, 171 

Two-foot rule, degrees obtained by 
opening, 932 

Two-wire and three- wire measure- 
ment of threads, 69-71 
Type metal, composition of, 1072 
Types for drop forging dies, maHng, 
1086-1088 

■V V 

V bends, 1442 
XT bolt, I2S7 


Undercut teeth, for broaches, 641 
Uniform-pitch screw threads for 
boiler applications, and ma- 
^ chine components, 30 
Unifoi*m-pitch thread series, top 
^ drills for, 151 

Unilateral and bilateral tolerance, 
72s 

British, '769, 772-774 

Union Drawn Steel Co,, speeds and 
feeds for standard tools, tables, 
562-565 

U.S. Armory, Browning solution, 
1056 

etchingacid, 1056 
U.S. gallon, in cubic inches, 1106 
equivalents in English gallons 
and liters, 1120 

U.S. Navy, rivets, boiler well, and 
tank, 707 

standard bushings, 619 
standard coupling nuts, 620 
standard punches, 619 
U.S. Navy Dept., composition of 
bronzes, 1063 

specification for journal bronze 
(Composition H), 1065 
U.S. Navy Yard, piston-ring prac- 
tice in, 969, 9*^0 

U.S. Ordnance, split and taper pins, 
803 

U.S. Standard steel plate, gage sizes, 
94X 

U.S. Standard washers, 705 
Universal dividing heads, cutting 
cams on, 405-426 
differential indexing on, 432-453 
use, 454/ 

Universal grinding machine, 1290 
Universal joint, 1293 
Universal milling machine, 1209 
cutting helices on, 4056 
"Up,” ‘ Wt ’ ' conventional milling 
(feeding against cut), 375, 376- 
393 

"Upright” gage, Elgin Watch Co., 
192 

Upright (or vertical) drill, and 
names of paits, 1282 
Upset forgings, tolerances, 1091- 

1095 

Upsets, allowances for, 930 


V gages, testing with plugs, 1209- 

1211 

V 60-degree sharp thread, 46 
double depth of, 83 
measuring with wires, 55-58 

Valve spring,- 1317 
Valve stem, clearance, 1164 
taper of crosshead pin, 1182 
Valve tappet clearance, automobile 
engine, 1164 

Valve-motion fits, locomotive, 1185 
Valve-rod pins, locomotive, taper of, 
1182 

Valves, grinding whe^s for, 5x6 
Vanadium, effect in steel, 10 ii, 1030 
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Vanadium, weight per cubic inch 
ana cubic toot, 1073 
Vanadium steel, speeds for thread- 
194. 195, S6S~s?l 

vanable-speed and multi-speed mo- 
tors, 085-988 

Vascaloy-Ramet tungsten carbide 
tools, 367 

Vernier and^ how to read it , 7 1 8 
V ernier caliper, measuring thread 
tools with, 52 
Vertical boring mill, 1258 
Vertical lapping machines, 540 
Verticar milling machine, 1300 
Viclcws_dmmond hardness test, 1055 
V itnned bond for grinding wheels, 
488, S05-S16 

Vitnaed Grinding Wheel Co.’s 
wheel-grade markings, 485 
Vixen files, 199 

Volumes^ (or. areas) of fillets, table 
^ for figuring, 933 
of spheres, 935 

spherical segments, table, 936, 937 


Walnut, weight of, 1106 
Walms-hide polishing wheels, 524 
Waltham watch screw taps, 191 
Warner & Swasey, machine-tool 
steels, uses of, 1050 
turret lathe speeds and feeds, 34s— 
346 

Washburn & Moen wire gage sizes, 

94^ 

Washers, British Standard, 711, 714. 
717 

cast-iron, 706 
for foundation bolts, 1002 
lead, uses, 1083 
narrow gage, 705 
open, 132s 

plain, S.A.E, Standard, 70s 
plain, U.S. vStandard, 705 
riveting, 706 
^.spring 706 

Washer-head machine screws, Amer- 
_ lean Phillips, 663 
Washer-head screw, 1314 
Washita oilstones, composition of. 
529 , 

Washout taps, 1 71, 1 85 

Waste of stock at end of screw- 
machine bar, S77 
Watch screw taps, crown, 101 
Elgin, 189, 190 
pendant, 191 
Waltham, 19 x 

Wat(^ screw threads, Lowenherz- 
German, 43 
measurements, 42 
properties, ^-45 

watchmakers measurements, jewel- 
setting diameter, 192 
pallet stones, tnickness, 192 
Water, weight of, 1106 

Water-conversion factors, 1120 

Wave length. light, equivalent in 
standard mch, 727 


measuring with, 7a,. 
Wear of grinding wheels. 400 

of gages, 761-763 
for locomotive tires, 1170 
toleran^s and fits, for locomotive 
, parts, 1x82-1187 

Wedge of air, principle in aeaS 
_ ; ment, 729-731 
Weight, aluminum bars, 95 c 
aluminum pl^es, American or 
Brown & Sharpe gage, 947 
aluminum sheets, 948, 940 
avoirdupois, table, 1104 
brass bars, 955 ; 

' American or Brown 
& Sharpe gage, 947 
Birmingham or Stubs’ gage o^n 
brass sheet, 948, 949 ® 

brass tubing, seamless, 957 
Dtass wire, American or Brown & 
Sharpe gage, 951 
^ Birmmgham or Stubs' gage o <; ^ 
of castings ^ and wood patterns 
proportionate, 932 * 

copper bars, 955 

copper plates, American or Brown 

& Sharpe gage, 947 
Birmingham or Stubs’ gage. 9 <?o 
copper sheet, 948, 940 * 

copper wire, American or Brown & 
Sharpe gage, 951 
i? J^mgham or Stubs* gage, o <? ■? 

of fillets, 933 ® 

iron bars, 954 

iron plates, Birmingham or Stubs' 
gage, 950 

iron wire, American or Brown & 
Sharpe gage, 95 1 
Birmingham or Stubs’ gage, 953 
hmits for die castings, maximum, 

1075 . 

metals, vanpus, per cubic inch 
and cubic foot, 1073 
nonmetalHc substances, iiot:- 
1106 * 

pipe, standard, 98 
steam hammer, rating, 1084 
steel balls, 528 
steel bars, 954 

round, carbon and high-speed. 

„ PS? 

flat sizes, 956 

Birmingham or 

TT 9S0 

U.b. Standard gage, 945 
steersheets, hot and cold rolled 
by thickness, 964 
manufacturer’s standard gage 

U.S. Standard gage, 945 
steel tubing, seamless, 958 
steel wire, American or Brown & 
Sharpe gage, 951 
Stubs gage, 944 
TOlerances on sheets, 963 
Troy, table, 1104 




INDEX 


IS4S 


Weight, zinc, 5>6o , . ^ ^ 

Weight and area chart for steel 
stampings, '595, ■■ 

Weights and measures, tables, 1104 
Weld metals, properties of, 220 
Weldability, importance of, 221 
Welded jigs and fixtures, 226 
Welding, arc (see Arc welding) 
atomic hydrogen, 217, 218, 1445 
autogenous {fee Welding, oxy- 
acetylene) 
electric, 2X7--2126 

flux characteristics, for aluminum 
and bronze rod, 2 IS® 
for cast iron, stainless steel rod, 
and silver “soldering” alloy, 
2,16 

fluxes, 212 
hose colors for, 212 
natural or city gas, use in, 212 
preheating for, 212 
rods for, 212 
speed of, 21s 
Heliarc, 1446 
hydrogen, I44S , , \ 

of locomotive driver hub-liners, 
118s 

of locomotive frames, spreading 
for, 228 

by thermit, 229 

metals that can be welded to- 
gether, 229 •• 

of monel, 352, 1081 
oxyacetylene, advantages of, 212 
blowpipe chart for, 2 1 S 
and punching in aircraft work, 
1440-1445 
resistance, 217, 218 
tube joints, 1445-1446 
Wgldon chart of milling speeds, 1418 
Welds, dielectric, examples of, 225 
length of fillet, 224 
physical properties of, 219 
porosity of, efiect of aluminum 
on, 222 ■ , , ■ ■ 

Well casing, A.P.L standard, 103- 
107 

Wheel centers, locomotive^ diam- 
.eters -for specified tire sizes, 

1174, ^^7,5 

mounting tires on, Ii74-ii7^> 
Wheel presses, motors for, 995 
Wheel-rpeasuring tape, 1176 
Wheels, abrasive, cuttmg-ofi, 522 
for best cutting edges, 5280-5286 
diamond for carbide tool sharpen- 
: ^ •ring, 371 • 

grinding {see also Grinding wheels) 
crush dressing, 541 6-54 id 
for grinding sprayed metals, 5410 
locomotive, shimming centers of, 
1168,1169 

tires, 1170; 1173-1177 

polishing, buffs for, 525 
flexible vs. solid, 524 
glue for, 526 ^ 
grain of abrasives, 526 
types of, ^524 

worm, gashing angles, 305, 306 
White lead for setting studs, 693 


White metal bearing alloys, compo- 
sition, 1063, 1072 
physical properties of, 204 
Whitworth Stahdard, bolts and 
nutSi 38-390 

screw threads, basic sizes and 
tolerances, 37. 3766 
double-depth, 83 
formulas for measurement, s8/~ 
66 

radius, 370 

section apd formula, 46 
special, 39g, 39h 
special diameters, pitches, tol- 
erances, etc,, ZTh-zin 
Whitworth (truncated form) screw 
threads, 36-3 7aa 
British Standard pipe, 37g 
suggested tap drills, 3700 
coarse thread series, 37a-37d 
fine thread series, 37^-37/ 
special thread series, 376 
suggested tap drills, coarse series, 
„ 37* . 
fine senes, 37s 

taps and chaser detail, 36, 37 
Wide-range divider for Cincinnati 
dividing head, 454-454^ 
Winged-head wood screw, 1313 
Wire, aligning shafting by, 976 
brass, composition, and uses, 
iab4, 1067 

lead, for testing bearings, 1083 
weight, of brass, 951, 953 
of copper, 951, 953 
of iron, 951, 953 
of steel, 944t 951 
Wire cable, safe loads for, 1102 
Wire gages, 940-945, 128s 
Wire measurement, of gears, 1427 
enlarged pinion, 252^-2 52^ 
short addendum, 252^-25 2d 
of included thread angle, s^g -59 
of screw threads, American 
(Briggs) standard taper, 
iiie-ind 

best sizes formulas for 60 deg., 
55 deg., S3 deg., 8 min., 50 
deg., 47H deg., 40 deg., 29 
deg., 58 

effect of helix angle on, 72 
standard practice, s8a-s86 
3-wire method. Acme 29-degree, 
55. 58/, 60, 71-73 
Amencan National, 55-586, 
58/-6S 

Bntish Association, $8/, 60, 

66,68 

British Whitworth, 58/, 60, 
66-68 


Loewenherz, s8-s8d:, 58/ 
Metric, 63, 65, 67 
Sharp V 00-degree, 55-58 
two sizes of wires, $Zg 
of worm threads, 74-75 
Wire sizes, best, for measuring 
various thread angles, 58 
Wire sizes and drill sizes* for d<~ 


equivalents by various gag 
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Wire sizes and drill sizes, table of, 
944. 

Wire specifications for measuring 
screw threads, s8a, $Sb 
Wires, for measuring gears, special 
sizeSj 2S2d 

for measuring helical gears, 281a- 
28 id 

and standard practice in measure- 
ment of screw threads, 
‘ Screw Thread Standards 
for Federal Services," s8a 
Wiring dies, 1279 
Wood, safety factors for, 939 
speed for drilling, 126 
^weight of various kinds, 1105 
Wood patterns, proportionate weight 
of castings, 932 

Wood screws, American Phillips, 696 
American standard, 695-700 
British heads, 689 
diameter tolerance, 695 
flat head, 696 
kinds of heads, 648 
length of thread, 695 
length tolerances, 700 
oval head, 698 
round head, 697 
various types, 1313 
Wood turning, speed for, 999 
Woodworking machines, motors for, 
996 

Woodworking tools, oilstdnes for, 
530 

Woodiiifi key-slot cutters, dimen- 
sions, 904 

Woodruff key slots/ dimensions, 903 
Woodruff keys, A.S.A. standard, 
data and dimensions, 899-902 
General Motors standard, 902 
S.A.E. standard, 902 
selection and inspection, table, 
906-^08 ^ 

Wool-felt polishing wheels, 524 
Work benches, 200-202 
types of, 201 

Work hardening of aluminum, 1444 
Work speed in grinding, 499, 1423 
Working gages for pipe threads. 

trr 

Worm geanng, designs of, A.M.G.A. 
practice. 303 

threads of worms, 298, 300 
tolerances, 293, 3o6a-3o6d 
Worm^ and worm gear tolerances, 
pitch and profile errors, 306a- 
3066 

worm gear inspection tolerances, 
306d 

worm inspection table, 306^ 

Worm gears, 231, 1287 
formulas for, 300-303 
gearing for cutting in milling 
machine. 427-431 


■Worm geMs, bobbing of, '273-' 
.proportions, diagram, 300 ' 
Worm threads, 298-300 ^ 

Worm threads, layout 
measuring, Brown & 

■ .75 .• ^ . ■ . 

proportions, Brown & Sharon 
73 

to run m worm wheels, 304 

top round of, 303* 

Worm wheel hobs, 'Brown & Sharpe,' 

■Worm wheels, gashing angles, 305, 

Wortns, Cone or hour-glass, 142, 
design of A,G.M.A. practice 208 

formulas for, 299, 300 
Wound-rotor motors, 985, 987 
Wrench clearance, nut spacing for i 

Wrench openings, open end. 678 ^ 

standard sizes, 669 ■ 

Wrench-end bolts and nuts. 669 
Wrenches, machine, kinds, i?2c 
1327 ' , 

Wringing fits, 736, 738, 743 1 

Wrought copper alloys, properties 
of, 1071 ^ 

Wrought kon, safety factors for. 930 
strength of, 625 , 
weight per cubic inch and cubic 
foot, 1073 ; 


Zero allowance on metal fits, defini. ' 
tion, 738 

table, 743 , ^ 

Zero line, in diagram of tolerances 
and allowance, 725 
Zero and negative rake turning 
tools, 3460-346& ' 

Zerol gear teeth, 1424 
Zinc, lubricants for drawing, 630 
properties of, 1073 
soldering of, acids for cleaning 
surface, 207 
strength of, 626 
use in alloys for blazing, 210 
in copper alloys, 1063, 1065 
in hard solder, 206 
Zinc, weight per cubic inch and cubic 
foot,^ 1073 

Zmc casting, shrinkage, 1074 
Zinc sheet, weight, 960 
Zinc-base alloys for die casting 
composition, 1074 
limits for use, 1076 
Zinc-base die-cast metal, reamers 
for, 16s 

Zyglo crack detection, 1447' 
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